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undercutting single crystal silicon using wet
etchants. Moire particularly, the present invention
relates to nmethods for creating square undercuts in
single crystal silicon and resulting structures.
BACKGROUND State of the Art: Higher performance, |ower
cost, increased mniaturization pf seniconductor
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Micro-electromechanical systems (“MEMS”) is another technology receiving a
great deal of attention in many industﬁes, including the electronics industry. MEMS
integrate microminiature electrical and mechanical components on the same substrate, for
example, a silicon substrate, using microfabrication technologies to form extremely small
apparatuses. The electrical components may be fabricated using integrated circuit
fabrication (“IC”) processes, while the mechanical components may be fabricated using
mlcromachmmg processes that are compatible with the integrated circuit fabrication
processes. This combination of approaches makes it possible, in many instances, to
fabricate an entire microminiature system on a chip using conventional manufacturing
processes. However, there remain many shortcomings in existing fabrication technologies

which limit the types and sizes of MEMS components and assemblies which may be

fabricated.
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whi ch may be fabricated. Conventional |IC processing for

DRAM m croprocessors, etc. are currently perforned on

(100) silicon. Potassium hydroxi de and TMAH may be

used to create vertical etches in ( 110) silicon by

using ( 110) substrate wafers or causing the

recrystallization of the surface, of a substrate wafer

to have a ( 110) crystal orientation. However, the

r esul t a@enventional i ragessingt for| RBMM d Exirioppicessarfd fiayare currently

[ 0 : itd J ' S :
EAER 001, 4 AP OSSO BT 0S8, b st o
pevdricatraetckesd évi (€0) \&lidoou by cusing nflil O adubstiateri wafeiseor causing the
have been used.t.o etch si.licon.’ For ex | e, t . .

o REPRaRaTnRr Wik S S A TR o B s 20) rvstal orentation.
t yngbﬁatléry %}Tbefesﬁlﬁa&iﬂ efruttires) art ot Salwhysniésinableagridd mayiNGBpduce costly,
and. hydrofl uoric acid F). Wth use .such et chantg, _

© TRl REptes T epn P Plictir it o RbriFaliah, PR gnd create a low
| Npdrforin@RcdYevidee HNGB, whi ch forns a layer of silicon

di oxi de on the silicon, and the HF dissolves the .

si | i conVeRpuseconygRfionah chegmigtries dave begn uied;te qidedlipep. For example,
di ddth SinfleecridiaNAaBpolyehystiliffcliliconasé f/pidattd GePelch&finfixBures of nitric

preferred buffering adent. In sone applications, it is L.
usteid(HNO»tand BydroRentionerid (HE)i dMthapssngl s efehants dhe etching is
crystal planes relative t.o.others. .E anpl e, in : 1

i ST Pt Freeb oo iR BT PRl A e of siticon
Pl &BSidk 9n TR §i1i66H) 2684 YhePBE MRdoIVBPtRe R ok SRIA: a)adNen sélcases, water
thus the etch rates of ( 111) orientated surfaces ar

e
exisatsed do diutsethe sighant, e agess a@cig (GH{G@OH) being a preferred buffering
orienéations. Bondi ng orientation of the different
pl #58% al so contributes to etchant selectivity to
expos edinpdonteapplicaors) itHansefilhot etel kilibon ose edpidly- along one or more

ori entation-dependent etchin roperties consists of.a

o S B RERES D ¢ Fr ?&9 PrfRIERE he Famoad Tegeof silicon, generally

?umta ¢l n}pqw (ﬁlrga%e dtltneély %Baﬁ?d tﬁmle tﬂwﬂ?oyiglaha,oelim thi$T@% etch rates of
aster .al ong pl anes than n 1 anes. . .

Hyldr bk Peentatd iR %Wﬁcﬁ&ygsﬁoﬁgrealapo&egemtﬁ (400) orientations.

Vepbhdiag dHedRtien ofi the(di®@lens ipldred hisoFbéribltefdl efchaho¥electivity to

a silicon etch performed with different etchant

soPPopEshrlanes- Hohk ctchant dhat ryhibifs sheh enentytanedfpsrdesh stching properties
( Fdsists oo fhikth@ o2DHPR #propY1adiédhdl.( Fbfexdntpl@Ndch a mixture may

etch about one hundred ( 1 00) times faster along (100) planes than along (111) planes.
Hydroxide etchants and TMAH may be used to create a vertical undercut in (100)
silicon. FIGs. 1 and 2 show a silicon etch performed with different etchant solutions in
both the standard silicon orientation (FIG. 1A and FIG. 2A) and 45° rotation (FIG. IB and
FIG. 2B). In the standard orientation, a mask is.aligned along the <110> directions. The
{111} planes define the sidewalls which are sloped from (100) surface plane. With the
45° rotation, the mask is aligned along the <100> direction. In FIG. 1, the etchant was
dilute NH4OH applied at 26° C and in FIG. 2, the etchant was dilute TMAH applied at

26° C. While the two etchants display different selectivity, both undercut the silicon 10
and create beveled edges or chamfers 12. The beveled edges may be undesirable for.some

applications and may limit the spacing of components on the integrated circuit.
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(100) surface plane. Wth the 45 rotation, the mask is

al i gned along the <100> direction. Ln FIG 1, the

etchant was dilute NHAOH applied at 26 C and in FIG

2, the etchant was dilute TMAH applied at 26 C. Wile

the two etchants display different selectivity, both

undercut the silicon 10 and creaje bevel ed edges or

chanfers 12. The bevel ed edges may be undesirable for

sone apftéadinglynst woedldnbg dle"sim'ble tdwereapas;iuagf ghdercuts in (100) silicon
co nent s telnt ed- cj it. Ac I

V\D{‘}Pgo"ggb N Slg?lgr i oe}garngftg e squaroe iRt gl?aé%ttgg |SMap(e 1%'){)?“3 undercut.
Si Furthef, itVinlothbeb&Bs&htﬂd tedgete adatech ah€l€ris (400Q) silicdnousing wet etch
ma&‘ieglul ate the shape of the undercut. Further, it :

WO ‘desirable to create a lateral shelf in (100)

silicon using wet etch chemstry. BRI EF DESCRI PTI ON OF

DRAW NGS I n the draw.n vvhch [ at [
currently consi der B§! E‘%%QWBT lf‘rb \?’g\?/’\egarryl ng.
out they, @y %P&Nnﬁ?s &R ilkubirats what {s%iﬁreﬁﬂﬁkbﬁﬁkﬁired/i@é the best mode

of single crysta |con masked al ong the < 110>
dufoe?@mngan@heménm with NHAOH applied at 26 C.

FIG | Begd 3%15%@&5%&%&‘ yRhAldf idid &Qﬁaf@ﬁ&ﬁﬁnﬂk‘é@ dlong the <110>

the <100> direction and undercut with”NH OH applied at
26di@ctibh @Gnd adérsutawith 3844 @l spplierh pt 26°e(\7v &iGsiBghaws of single crystal

| I h 110
AR Sl Pt o S g o
shovs of1ch 2% &bSedtiond! 1eRAT K Sl QP&mHHEské&QQﬁg the <110>

direction and undercut wth F
C. diFdcGion 3diwdarcot with- dibue iTMéH a,ppéwi@t 267 kg EIQrI}%tShOWS of single

Si %Jﬁgtgﬁ%%lﬂ-ﬁgsgﬁ{jl uofgtﬂgke f(g(%%&gegﬁb{) Gid {119 @VIHMR{I&WAH applied

ere Ion o e present
| natex6fion appl i ed at 23 C FIG 3B shows si ngl e

crystal li.con masked. OO> d t|

cntior cub Rig g BERraradef Vi) i Sl i, AupRHoge the <110>

pr gis&hibn i dd euridefoit a\ﬁpi aeﬂxf&te&ﬂu&ﬁdd:étéh so]4mdm Jfsthewresent invention
waf.er ri,ous st

Faphiedal 65 Or SL0sS Rt R Sre B ALRER AT AL R 100> direstion

Pr &L Ohddrel 8ith arbuffekdd flddkideSetah Rblatiow iof\th®@present invention applied at
23°C. . '
FIGs. 4-11 show a single crystal silicon wafer at various stages in a fabrication
process according to one embodiment of the present invention. FIG. 4A is a plan view of
single crystal silicon wafer.according to an .embodiment of the present invention. FIG. 4B
is a cross-sectional view of the same single crystal silicon wafer taken along line‘—4B —of
FIG. 4A. | '

- FIG. 5A is a plan view of single crystal silicon wafer according to an embodiment
of the present invention. FIG. 5B is a cross-sectional view of the same single crystal
silicon wafer taken along line —5B — of FIG. 5A. .

FIG. 6A is a plan view of single crystal silicon wafer according to an embodiment
of the present invention. FIG. 6B is a cross-sectional view of the same single crystal

silicon wafer taken along line —6B — of FIG. 6A.
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silicon wafer taken along line-4B-of FIG 4A. FIG 5A

is a plan view of single crystal silicon wafer

according to an enbodi nent of the present invention.

FIG 5B is a cross-sectional view of the sanme single

crystal silicon wafer taken along line-5B - of FIG

5A. FIG 6Ais a plan view of sipgle crystal silicon

waf er according to an enbodi nent of the present

i nvent i B 7R isa @ viewofsingle crystal sibepn wafeeapcording to an embodiment

S a&eth% ﬂé‘ggeg %cﬂ #6168 qF Yyad:5s- &@#&ﬁl @kéw g lhe ?a.m(;6 Single crystal

fA1s a plan view of single crystal
S|$1hmwafalfekeraaiomtjnmg730Oéﬁl@rfb"@dl ment of the

presentjn \é%n}gao rian ﬁe@ ?f7$ %g‘ F;@zst%f o c%ns\ﬁgftel' E&%Ldl %ﬁ)\é\ﬁn embodiment

of the sane S|n con waf er taken a
l'i mtheﬁﬁesenofnvléhtﬁbn 7NGF8E1S &Across-secipdrmh vidvewf olie same single crystal

S|n le crystal siligon fer cording to an
i Beam et fen ﬁ%“%ﬁ‘é%é Wg“rz‘it%n. FIG 8Bis a
Cr 0SS- SEIG. i9Nila plaeviedf oﬁﬁﬁglé ayetabsiigdrewatey S&o@l‘dmg to an embodiment

silicon wafer taken along line -8B - .of  FIG FI G
o201 G BRI INYERYPTD PAPndPdS dr Gererecianal S same single crystal

acﬁﬁééﬂ Wiket QkaleRPAAE BB oPF1d. PA. present invention.
9B is a cross-sectional view of the sanme sinpgle

cryst al FIG.| 1@dnisnaf plant yiewn of| Bngle | fridal sétcoafvvﬁea according to an
Asf-mgcgcﬁne R RFefh@thvéhdh. OFIG! Mﬁ; @s QrcYQQ'sts%lectfddal GRW of the same

according to an enbodi nent of rese

1 iosle caystal Biltaon DOEe tokan giapedmse OBl I, ddof FiGhel0C is a cross-
BB B Y LR Sk 12| 08y e —toc- o

of Fihd0&i. ngl e crystal silicon wafer of FIG 10A taken

al ong I*.]r(‘l._‘e 1iLA 15 Sfﬂaﬁl 9 ewl% sdl: 19 “FLJ[ﬁnigSﬁitcg" glr\{%r VAchding to an

of single crystal I'’con wa
enéabodiment of th‘ehﬁemesmehtwmvﬁﬁj DTB i$h@rods-sBeticnah view of the same

cras sectlo %th i,ngl I .
c1 OB PR PR AN PR ame THE Gl Q1 A4AFIG K is a cross
H &ctibnad vidw 85 BROingE atystal ellicod walee ofiFdG| £1 A nylehallong line —11C~ of
silicon vvafer of FIG 1l A taken along_.line -1 1C of. .
FI @G- HAA-FITAC- 41D 152 frededionat Viphar e siwelss gl siticon wafer of
Si PRt 9§ 1A kdredlosd lime 0N DVadfIGOT 1A.
FIGs. 12A-E show a progressive undercut etch of single crystal silicon using a
buffered fluoride etch solution of the present invention. The trenches are in the <100>
direction on (100) silicon.

FIGs. 13A-D show a progressive undercut etch of single cryétal silicon using a

buffered fluoride etch solution of the present invention after exposure to NH4OH.  The

trenches are in the <100> direction on (100) silicon.
FIGs. 14A-B show transmission electron micrographs (TEMs) of an integrated
PSOI DRAM access structure.

MODES FOR CARRYING OUT THE INVENTION
In the following detailed description of the invention, reference is made to the
accompanying drawings which form a part hereof, and in which is shown, by way of

illustration, specific embodiments in which the invention may be practiced. In the
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solution of the present invention. The trenches are in

the <100> direction on (100) silicon. FIGs. 13A-D show

a progressive undercut etch of single crystal silicon

using a buffered fluoride etch solution of the present

invention after exposure to NHAOH. The trenches are in

t he <100> direction on (100) sildcon. FlGs. 14A-B show

transm ssion el ectron n1crographs (TEMs) of an

i Mregrme%mammm@ybstmtwatsw%ar qompeserptpthroughout the several
8 N 3 Tere e SAVEDYE! d el i) Surilch Qo AP GlaBie! ke skilled i the

descrlp he I nvent1 on, erence 1s made

acarbtqomaymcregthd nmwnngm mtzrhmfhmdnn@tpmv Heartidigbd andh atﬂlqtilral logical,

whi ch f il
" n%@d?llﬁétﬁfszg ﬁl’"%sy Wa egmla%(\:/ é“ﬁﬁ“’b‘n %%asﬁ%%%g)ﬁa e “scope of the present

Imnbhﬁdmamnngs li ke nunerals descri be substantlally :
siml ar on nt Ihrqu hout ,,t he sev Vi ews
abod B S SVREE A SPRAes B PR B (pUPHFHE qegerbtion include any

engRichiré hﬁ%gs Kﬂ\ |dxﬁéseklnsdrfh€e awith twhigh aétfoefl thbeintegrated  circuit. (IC)
i nvention. O her enbodinents be uti]ized and

st fictuge of the pyention. Jihg t@‘l’%é\:“?ﬁ%@ is WelErERod o, inglude semiconductor

Megeraid t Agidt AR PRbLEAS if fafid) 8 RCLURG f sén'i‘i@orﬂi’tﬁﬁ)? r1.9‘i:x'uctl.1res during
i nvention. The terns "wafer" and "substrate" as used

i nPropessing] anslinay inskusieother ilaysrs thet haye begn fabrigated thegeupon. Both wafer
aé’d(ﬁﬂlb@tyaag W&ddcﬁ)% a?t‘fﬁnamﬁea sl ORdbQorks O&giak{af semiconductor layers

|ntegrate circuit structure of the |nvent|on

Thaupperted by bdascsemicandyetde psingddtor.casiwrll asgather semiconductor structures

sefLi fiXAC &:ﬁtté? B %dm%‘/eskh?mh%?ét fortnS cBh&R 415 §9understood to

tO re er 0O sem¢c¢C onduc r structures uri ng .

pr mchde lsetg;coadmbtma,yandrthd: tedm “Inshbtor]’ asy/defmed hainchadgany material that is
TR R e B ARl 3RO, he following

Seﬂ@t@lw’dcﬂ&élﬁﬁtldnay,eth&eﬁiﬂﬂpm t(eHe btken nba$1mxa&g“rsma,chndttm scope of the

or insul ator, I ] senm C uct or
ot PiSEEhABNPR 5 R 0y BBk sBPeRSFRIEIITG: BRPE ity fll scope of
th&;manentértaﬁymenemcmmsawénhﬂw under stood to incl ude :

sem conductors, and the ter "I nsul tot ned :
i ncl udelBhiermathorzantal’ ipsused 1n hisany 'é%tecm ’éaﬂe% 558 plane parallel to
copdushiaiohMaakd6r i8¢ bPh war@f QTsuBérdtd) ragardless of the orientation of

conductors. The foll ow ng
the wafer or substrate. The term ‘‘vertical” refers to a direction perpendicular to the

b2 AN 1Y

horizontal as defined above. Prepositions, such as “on,” “side” (as in “sidewall”),
“higher,” “lower,” “over” and “under” are defined with respect to the conventional plane
or surface being on the top surface of the wafer or substrate, regardless of the orientation
of the wafer or substrate. ‘

_ There is a need in the industry, as recognized by the inventors herein, to undercut
(100) silicon using wet etch chemistry. A buﬁ'ered fluoride etch solution may be used to
create square corners and lateral shelves in (100) silicon without the typical bevel
experienced with hydroxide etches when the initial 'pattem is oriented along the <100>
direction. The wet etch chemistry of the present invention may be used to fabricate

devices that have previously been prohibitively expensive, complicated and/or poor

yielding.
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along with the full scope of equivalents to which such
clains are entitled. The term "horizontal" as used in
this application is defined as a plane parallel to the
conventional plane or surface of a wafer or substrate,
regardl ess of the orientation of the wafer or
substrate. The term"vertical" rgfers to a direction
perpendlcular to the_horizontal as, defined aFove

Pr eposi Ap gbodamey ofs eoﬁresentsxpu@txopa@npﬁr G lﬂigweth?ds employing
" hirahr ’sglutll)% 1anipRAYARE th@@éivnyuﬂgﬁé ofed Brenldf {nﬁk%iilyYMgt fingle crystal

res ect to the conventional plane or surface being o

helicamp Etoh eheraistay ist Hshlyeselerti vy tosqystal ogicatation yehen| l@gg (100) crystal
Of th{e ogéﬁtﬁtﬁ;nagﬁcp gal‘i’émitng ine8po9 rdn%etlﬂa{ rAtfity ISHApE 1acking beveled

a hee I nd as recogni zed by the |nventors

heamncrs and)muhrdmgcajtate(a;l @helf mialy be echiergidng wet et ch
chem st uf f fluorlde e i 0
coet s ondienthofitherfio tnd S I8vEEH i8BUs B ot ttching the (100
( 1a893talsdilicamoplaive 230tithed slowey thanahe PR lané X id)) isdivoe qblanes The etch

with xi.de etches when th att rnds .
o Pl OB S e St pist S f ObGRRahT pfetfribly 10-500A/min in
Ch@inité fchaitf at RV RnGSeattres nVﬂféthtﬁodfﬁh)’ayhﬂcMﬂeéxlb&mg the silicon to a
fabricate devices that have previously

pr By¥ffasrd {lgeride ishsolutionet taeprgpent i gelidhn &ﬁﬁrm?&wl may further include a
Y1 Sl tBgkohs sl%G@P&bWBHEn ekidk RRA/BF Bied relalVERY the (100) silicon.

further includes nethods enpl oying etchant sol utions
t o mani Burnrabpdimenbof the sreapyd yendions a rgkaraHIMEICYt Hysingle crystal

{lﬂl‘cﬁx {2y Vetlreatid b? Hlovi %hsn?g]@ Rt ¥ilicen hhcgm&f% at least one trench

ective to cry stal orientation, when usi ng (
c r Yrorein, ppttenelgdm ginglatcrysial aﬂ@mpat ﬁieﬁi D% directignand @sposing the single

ér?&él! S ﬂcO \ébl'ix joft H@t{iﬁdlhg%kge achl e g eftO 8k §1cﬁ£gg agent and an

era
enbmdmnnnmubf the pr esent |nvent|on |ncludes a met hod

of etchj th 10 rystal llcon a

2l ovey gy ftbotitie ot el yveBord (L MFerfl held A be created by
et elposiagasinple ¢A/6A) siticdn coan anigotdepiaprhanti fnﬁd)\eécyby a buffered fluoride
5-10, 000A/ m n, and fer mn in lute. )

ot Eaobniar. lseufishs & Bkl RIIRRCPR e, By ki single crysta
exX§n&dng atfiret iSothdpicdtchiant o &t ateacH. | A anis@rapicétchant may be applied
sol ution of the present |nveﬂ AQAé The net hod

iy solition By B Sepliegdo sauare the
angrérs Yt the ARdERLALAME. t &t Wil be Jiieistddd ihaOfhe buffered fluoride etch

solution, which etches silicon at different rates in different exposed planes, may be used in

the trench without a first anisotropic etchant.

An embodiment of the present invention includes a semiconductor device
including single crystal silicon having a square undercut feature. The undercut feature
includes smooth surfaces. An embodiment of the present invention includes a
semiconductor device ihcluding single crystal silicon having a lateral shelf.

Etch compositions for oxidizing silicon and etching silicon dioxide to create
desired structures according to the present invention shall be generally described below.
With the description as provided below, it will be readily apparent to one skilled in the art
that the buffered fluoride etch compositions described herein may be used in various

applications. In other words, the buffered fluoride etch compositions may be used
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one trench therein, patterning the single crystal
silicon in the <100> direction and exposing the single
crystal silicon to a solution including a fluoride
conmponent, an oxi di zi ng agent and an i norgani c acid.
I'n an enbodi ment of the present invention, a |atera
shel f may be created by exposing single crystal
silicon to an anisotropic etchant fol | owed by

a
buvhencxer silicosstefbisdieits resformed and )ﬂ(th@Fh%ﬂ‘ﬁaVe‘F’}fie“‘éE‘s or lateral shelves

I'afe H@élreahqﬂoi' eREMplR! eth@ PRALAIn NS PR BeSusell IR formation of isolation
CryStaI silicon to a first |SOtr0p|C etchant to create

a structes. fornsedin ithofbugation of itegretedrsiycuits- dpphere foregample, the present
ﬂ@%&% th b% ﬂelngﬁvf]alalgldth@ Mgaﬂﬁﬁ %‘ftl'&l‘lglfs{og Sufbffts, such as pseudo-
o) e applie

'on e to square the corners o the
u nedlléromkisn- maullatoy deticesi I(incluémlgndmxslvboﬂRtAﬂdt Klash, lmagers PCRAM,
d t solut which _etches I
A et Bty Priipif i isBRaSly dfcu®! ) %"’ clectronic
U&ﬁéchaﬂlchi'@stehﬁr(CMEM$ f)&uﬂ eRctfrd)-bﬁtlczﬂ ROBMPOHiEME. C

et chant . enbo |nent of € i nventijo
i ncl uded %lest‘é'ﬁl? &Pffaréeg fb@mﬁ m%twg:}gr use in undercutting

Crysdidlerystal sfikbn h@‘férﬁgla?erﬁoéhéfv@s g&f&&lwincﬁﬁai bfRioridé) €omponent, an
undercut feature includes snpoth surfaces

erfsetaaw@neméfaqdhénp%%léws pgrpknt TBA flypad sd%gmaonem may be, without
S enm,ﬁamu?@ er 'op Féuumengﬂamgmnpﬁmd@(mmc @fhe ammonium

havi ng a Et ch Conpositions f
oxflbiridiengays bé lf@mda\ndh atrﬂixrurg of iatrins@miuredi ydrakedd and HF. The fluoride

ﬂ]%%ngﬁts(lgkgfqn%%rég é.g:ﬁéﬁzﬁlvﬁgp é%d ;éeig?tbt oo%@rs (S:%rhes i I;WSX{IH% with silicon

deﬁaﬁrhk RIIiOA dABxideOMedBsbrie! éMpdrentvol Isoluion alisbolves away the silicon
arent to one skilled in the art that the buf f.ered

f | Q¥ e domted Mt B0 eI BIREIE ESEPPBEH MY Y Rreiely ipéhe amount of 0.5-

uSEd, b v&ﬁ?hous applications. In other mords t he
buffered fTuoride etch conpositions ma
us edwhehesy @xidizing cagsnte o€ Hhe duiierady flyer fbremé!d cgmgosition may be any

V"”@){x&i&ﬁx Sg%@ﬁ equl'i‘ gr Fott ﬁxa‘?ﬂpplé afrBherS BeloXRe 8f Szone. One currently

desire ésent tnvéntion may be
us}adfelmdphehiﬂ@g mnt tSﬁIYdngleenmt(id@n structures for use

in the ’I‘}?ﬁbrlﬁoq—g%rl e ¢ {Pﬂ)gl%n‘rfltrﬁgy GhéiGad a§ lgefck' ro%ngearlm éelécted from

for exanpl e present 1 nvention nay ene
i rhytdneflvfosder hcn'dt(iHﬁ) pﬁosmhansiastdo(Hﬁi@uctsulrﬁsgz asidcH®9,), nitric’ acid

Eﬁ’&ﬁ? S hidrothing asid (HEDRAPONRARE G055 ofer Hitable inorganic
m:(f“ TRis &Me%ﬁy B{jefg‘?édethgtrtﬁélﬁl Féagfcsacuﬁﬁe W?ﬂ’d) QISHEQ?ég.oInorgamc acids

el ect'roni ,
are commercially available as concentrated solutions (X) which then typically are diluted

to a desired concentration (H,O:X). For examj)le, commercially available concentrated
acids are available as follows: HCl is 37% by weight in deionized water; HNO; is 70% by
weight in deionized wéte'r; H»S04 is 96% by weight in deionized . water, and H4POy4 1s
85% by weight in deionized water. Concentrations of etch compositions describ-ed_ herein
are given based on cémmercially available solutions. For ‘example, if the etch

composition has a concentration of 30% HCI, then the solution includes 30% by weight of

the commercially available HCl solution.  Hydrogen peroxide (H;O;) is also-

commercially available as a concentrated solution of approximately 29% by weight in



mechani cal systens ("MEMS') and el ectro-optica

conponents. In one enbodinent, a buffered fluoride
wer@/1ednposi tion for use in undercutting si ngPE@I/US2007/012904

crystal silicon to formlateral shelves generally

i ncludes a fluoride conponent, an inorganic acid and

an oxi di zing agent. The fluoride conponent nay be,

without limtation, HF, HF2 , NH4F, or

tetranmet hyl ammoni um fl uori de (TMAF). The ammoni um

fluoride may be forned with a nigture of ammoni um

h %rOde and gﬁnﬁﬁe fluoride onenH or sol ut. ﬁ ilabl

EiqBKeE N¥RIn B FEIOMYEh Setth COMPBSTY gtyarable as a
W' Ebne%h{rht@@ Bolﬁﬂérﬂ&pﬁokhﬁﬂélydﬂo%bﬁﬁ'mghhﬁl ddistazeddeater. Further, one will
conmponent or solution dissolves away the silicon

di Escogaize Shatwepltiple copponerre of ﬂ}foioﬂta@nea%% BrfvVideg,froya commercially

Pr 894bld lhtithsa R txaf l<=.o GEI 50341431/3 #Ein90Lin I\Iﬁ?oelectromcs Materials
oxi di zing agent of the buffered fluoride etch

5 cofiNewalki GQnmhyroweahythdﬂ{dF £ 3% wheand anbierganic geig (i.e., H3PO, ~0.6
exa rrogen r.0X One currently
pr @fnpé’b F‘?af%‘;( %f?dng’ aé‘b‘*?h?‘ ipg'f ﬁ&ﬁ? Bégﬂorber oxi de. The
I nlor gangn?awxdmpgma@mwme &relyanitsn mJeufmzk;aloatecliq heas Pateat Aol @,166,539 and
sel ecte rom r r.c 0S ri .
( HyPDBatent o 91?1\6& § @%&9%%9% FE? sefu °fe PN@%}% fyhas a pH in the

hy(ilz‘[n%@mf Abbst F6 ksl al(dﬂ@b)o Nﬁf@ﬁ@f&a@?' tlle bftere8 Mluode 8% composition

ot her  suitable inorganic acid. is currentl

10 oy SrepraHl of Aot 8. | Rotarabive dischfTased ASPTSE sichiaseaposition includes a
| NQREARL Eoibdint BT £ rar@BTHEabb&! 0.5 perédid 82b8uds0 percent by weight of the

concentr at ed sofutlons (X) which then typically are
di buffer¢dtflworideletch pe@pe%m mlroaudlzmg paentindhe range of about 0.5 percent to

| trat
:C% te(10 e]g‘quy? rb&l :t %E b%@g%(%c@mﬁ%@ CE% &Hnn@o%itg)% dh& an Inorganic
deiacidi inattle watgerof 4HEGB 0i152%09% brylghel dlot exatmpie; thei tadfgred fluoride etch
Vl_\gt'g,%ﬁnpfg %&agyprﬁéar%ﬁy mclg%ee Ialo\llgclalgrgll onl ZEP ofmﬁhe F‘Q]ﬁfglzoz of about

Coneefitrations of etch conpositions described herein
are given based on commercially avail abl e sol uti ons.

For exaiprther, preferpllycthe honie siergth pHtheradfered fluoride etch composition is
Egrﬁﬁa{n' Io é"ﬁré‘f tBQ id Qx%ngt‘ﬂ' Fid {8 rdﬁ%@o‘f%éut 5 to about 20.
e CO

y wel 9 abl e
s 0 |A§t used herdyrd ionge strengtly mfgkg t() HZ@quresofahg @verage electrostatic interaction

20 €0 g}}l%lilg Ir‘r‘%{slé ;l%\zlc%y %Qltlgn xg % A0 GRLE f ﬁ"lg ls%'o?[ﬁleotferms obtained by

appr ox el onl ze
Fu mméplyingmm malatity Ioﬂ cmhd@nl hy s s:demrﬂqearcd aIYIey further, preferably, the

ava ablla\genqm argoncent rat e(sjltlgol LA%{%QQ L% ORt gﬁ/m about +0.7 or

f G Eics 5o one
hlgher (vs. Standard Hydrogen Electrode (SHE)). As used herein, the redox potential is a

measure of the effectiveness of the etch composition as an oxidizing agent, i.e., the ability
25  of the etch composition to oxidize silicon for removal by the HF component of the etch
composition.

The above ranges for the buffered fluoride etch solution are particularly applicable
to the use of ammonium fluoride and hydrogen peroxide but appear to be equally
applicable to buffered fluoride etch compositions having other combinations of

30 components as described above, such as when ammonium fluoride is provided by
ammonium hydroxide and hydrofluoric acid. In other words, suitable amounts of

ammonium hydroxide and hydrofluoric acid may be mixed to provide an adequate amount



recogni ze that multiple conponents of the solution may
be provided fromcomercially avail abl e sol utions. For
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Materi al s (Newal k, Conn.) provides both NH4F (-39.4

w9 and an inorganic acid (i.e., H3PO4 -0.6 w % that

may be used to adjust the pH of the solution. O her

exenpl ary suitable etchants are disclosed in U S

Patent No. 7,166,539 and U. S. Patent No. 6,391, 793.

The buffered fluoride etch sol utd on preferably has a

pH in the range of about 5.0 to about 9.0. Mre

pr@mxabmym flupridsu f Wher @zoneuis ruserk ax thetpxidimpg sigento Azangds preferably

R e e

range dfheabufitred. fﬁxopécmlt saloticthoway Snilpeav estch bate of silicon that is

t heb redfl orld tch cO [
oxgrg?q tﬁ&n g élghets rate 078§ ing Fx;af)rgg(? %eIrhg (egsflﬁne t%g:h compos1t10n,
ahiqut th8(ke1beﬁﬁe)nbetb@eemilgbh amﬁ dbh&e Iimgfeafeedhsfd BorMdes preferably, the

etch co, sition;...and an in ani ¢, aci in the. . ra

C T Sevose, lioms aat g FeBe e b | RoniSioRr B qgreater than 6
flmﬂaé&i@t@bosm&se&hmeway preferably incl ude a -
volunetric rati o of NH4F:% -H 2.2 of about 4:

Fur t herFurfheerie aghieye desited Msorghpyt ?fe\ﬁgfﬁﬁ gighorate “for silicon using the

bL@téﬁE&ﬂpgshﬁ&rlb g?eféiaﬁlg SRRkt bt bR /AR aMIre bfb?él‘ably, the etch rate
one; nore preferably, ge ionic strength is inth

r g silisen spergeten thay EhAuming Evas mereprefsrably thy etﬁh gate for silicon is
stérg?gg,ttnm; 86.8b& dePnfingfBasure of the average

eleéctrostatic interaction am)ng ions in the
conposi Rreferablhitohetck cempeditiorois sheh tal #fter memavahobilipgreusing the etch

L;JQI o(gmo &%%Ré{oﬂ éc%l szn%u?%ﬁregoiﬂah% yroQ%rfe@sc Qﬁ&ﬁﬁte for later

S va ence squared. Yet era
I eutosespiog.e rPlr¢fatablyf ﬂtm@ughnﬁss ob ﬂpaos]lmnosurf&se rfcvilqvmag the etch is within

st 0 s o gy R 5T B 5 T SRl slR g may desirably
t hall r\etﬂmx smoh entange fbs r@grmmmroﬁomhhamleecAquemm is removed.
CHaenEEN P} dor SR EeBAnes 1p0s o STk B tomlf okgs, Microscopy

f QARM ) Whith $¥nd A 8uitliceC28P 6N 8dut af P @n@tgives an average peak-to-valley
conposition. The above ranges for the buffered

f | measkreaneat agrossdhistli on? syrfacpafep i ar |y applicable to

et AL B AH AR AR Loy o
ettbbmud okl t Femexamplé, rych thvemal oxide maayi beforpfed by thermal oxidation

such as with use of a wet or dry furnace oxidation. However, such selectivity is also

~ applicable to oxides formed by chemical vapor deposition (CVD), such as high density
plasma oxide typically used in isolation processes, such as shallow trench isélatioh.
Generally, any known method may be used to expose the silicon to the buffered
fluoride etch solution. For example, the silicon may be immersed into a taﬁk of the
buffered fluoride etch solution. The solution may also be sprayed onto the wafers being
etched or may be introduced for contact with the wafer in any other manner, e.g., drip, .
spraying, vapor, etc. The etching process may be pef’formed at a temperature in the range
of about 10° C. to about 90° C. Preferably, the etching process occurs at a temperature

between 21° C. to about 30° C and, more preferably, between about 22° C and 25° C.
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amoni um hydr oxi de and hydrofluoric acid may be m xed
to provi de an adequate anountof anmoni um fluoride.
When ozone is used as the oxidizing agent, ozone is
preferably present in a range of about 1 parts per
million (ppn) to about 50 ppm The buffered fluoride
etch solution may exhibit an et rate of silicon that
is greater than 3 times the etch rate of an oxide

bei ng e‘%m@wuﬂd del@@@dﬂr@rem,cﬂiGéoh@l&s? shom that when NHOH or TMAH

S SR e MRS, S SRR Xyl BahE e e a5

andta@nsh gﬁe U§attwnéchaoﬁg e €m03=06xlrédt1©ﬁ) e @mnsas ef thehamlefcut structure
icon-etch rate. Further,

ad}ﬁvéﬁbata@gq }%d(ﬁﬁﬁr élﬁgaﬁﬂ FHGoBhat & resu glgesltr@ﬁltufegtaée unde51rable for

f Qharsy Jnhﬁ@factuﬁhg BrJCEﬁeﬁt ﬁéfeﬁmgo@smb QM dilica B @idRRIY was performed
great'er than about 5 A/ More preferably, the etch
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pn%tagsﬂ% Y100h *gﬁwsrl %ngai ﬁuffé?éd ﬁh&ﬁ&oacm SolBfi&REWL NRGP + sL QEII +
per m nute. ferably, the etch conposition’is

SULHL tH0,)adtt 26° ¢ ebevtdingoh el present isiention. heThet biffered fluoride etch
co osition the silicon surface has a desired surface _
isasused dadiiet 8 doponsiraies. that dhe (10N gsiligmneplanggytsthe slow etching

ot C%ﬁéﬁ%@ﬁ%ﬁm% the Ereidn Spghu%}ér Iuﬂﬁ:?cxft@lfl th Nggﬁeﬁxhg ah%ned along the

I's wth erangeo about . t o "abou
1 S®0A ditvstionT hia asuymcekiwdswd%rbasedwhd@m(ﬂ hbipjarfeds p slow etch; thus, it

f 0

2 il 0 49995, LSRR hig by
roughne’E}se affeted fedridenietvbdsdiytiot m\cdd?sowcm Meful osalaiyity, smooth
AF whi ch sca S fac
o1 e il PR RRR, SR, (D67 slcofy SRk, B 3. the tatera
t hehslf 14 A8 1soltrdf a)eeelw ea@ners rtfﬁablﬁr thk easyhirgatioh hberlfrbrgde electrical devices
selectiv ed ,ahov
SSRER UL BRble 8 R0 E unst B wates i

t haaniEhctereld @ (1809) sgcoho I'Tflﬁdxsblbf t}iaefulmedmuodﬂe ietch ssumbn a]so creates
as with use of a wet. or 3 IgJurnace Jo) q
CRABGRE, SIBHFEIOTETOVIaNt ajatfrel Sacer WiBh it SIEblf frslgetzaic properties

f GhRfoR YingBR Bf SRdets/ RRIRh hePAsH, Wi fiiRert GY (?emé%lffd?n @ adjacent material
hi gh density plasnma oxide typically used in isolation

prisvingspe materal cighedh al e roTIREn SHIA'S GPRETofepicied i FIG. 3B are also
Cangfidlfbya dREM¥tekdHanbe MEAHRE rﬂ@dﬁaﬂi@al%ﬂ%;ﬁn@a]%@ﬁ&ﬁest When fabricating
silicon to the buffeéered
MEMS. The concave comer in (100) silicon also allows simple integration in CMOS
devices and enables MEMS mechanical and optical structures to be integrated with
CMOS processing more easily.
The etch rate and selectivity of the buffered fluoride etch solution depends on two
competing mechanisms — the oxidation of silicon and the etch rate of oxide. This may be

depicted in the following simplified reactions:

Si+2 H202 = H2$i03 + H2O = SlOz + 2 H20 . (1)
Half-cell reduction/oxidation reactions: _
H,0, +2 H* + 2e- «» 2 H,0 E0 =+1.77V )

Si, + 2 OH- — = Si(OH) , + 2¢" S (3)
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waf ers being etched or may be introduced for contact

with the wafer in any other manner, e.g., drip,

sprayi ng, vapor, etc. The etching process may be

performed at a tenperature in the range of about 10 C

to about 90 C. Preferably, the etching process occurs

at a tenperature between 21 C. _tp_about 30 C and, nore
preferably, between about 22 C and 25 C. As previ ously
degﬁlpee‘(fv}ﬁ%r‘éﬁz&ﬁ%l*(%}b@ and 2 show that when NHdOH = D
or TMAH is used to undercut silicon, virtually no

| ateral shelf is forned. Wen perforrred at a 45

r ot at i oThd fypial sedativity besveah ¢n@p)tsilizos Lo@l dynmﬁomm)d thermal oxide

the corners of t rcut .st ure have ¢
158 spprobimie el the T ekl 6%h a8 Brpranale b i ore half times
arlggh@}q%(ngj@,(t&retémny manuf act uri ng processes. :

Referri nghto FIG 3 a silicon 10 undercut was

per f or @ Bheughyhe hutfered Slugrde etehsplution may bertedip cyﬁﬂous applications,
(1 Figs; 4PAL B&fl&eéj @Mﬁf‘gr&c% fi)r]&&ﬁng'ar ?ﬁlﬂ@-‘@bl%ﬁ%cﬂﬁe according to a
rotation in [1con usin ered fluorid

et whthed |01ﬁ1themre§eno_nvmmm +In5qgcngef F1Gs. A-bl, nalzcaz)shws 2 plag view of the
acC
G0 I8 658 8o MBI e [OE L lin s ke
t haong heB |- wux)? 4A lan¢ Brdepicaaemglescrystel stlicow selstiateniP0. A silicon nitride
pI t he r

1a $3 1%% oéfnﬁd|t§er ‘ieﬁ né\ ¥ 39&% ﬂ{y%xt 15@3@[ &(ﬁbgegtp%ﬂ ofesist, is formed
| noxa:rtﬂy@smabn h;tdd@ionde} Paselnevetin thehart.( Tlﬂ:]r)laqkllr@kayelsIZS may be

a slow it was ur ISI n di

o A6 Jour i eartane ek ARk Rotfe 4771 ot erriead PRlolithography
budrt efesl lithdppsphite of trioh- lﬁ]%gth}b}ﬁdﬂ héthodsy @8gardless uf @ellpresence of the
sel ect.i VI ty, snooth surfac ?‘gnd control | abl e etching

of Meskoes laxér 128pfre alReRPEMRlA®S FI G 3B, the | ateral

shel f 1Refenthe R KIQY el 5B, caBRIIfcoaNaRIRSIiddrel 122804 single crystal
creation thereon of electrical devices such as

Fi filtons Sutpgaig H0sare eifhadalbrengl e mas QReniRg loRg form at least one

Ved&ich MBI ithiAtRe gﬁ@léf @odehr SHcANsubkR: ol | tR etchiRay be conducted
use of the buffered fluoride etch solution al so

cr@t&lt?@!g @ofivageisaleurit etehins ehemigiyhodth gr | withauy|plasma, for example
I I ni
PRIGY Sl o OELE o IRSHLATBPRL) P bty e o
prmp)arblel @mow@rwlteneetdupae@tnt theresingl¢ srystehisilisgn rfobstrate 100. While a
I
B ST BTSSRV SRS GRS 'ﬁwﬁﬁ‘é’%ﬁﬁ&"m by one o
deskiili & thre aitalmdt @ay mﬁ@dmﬁﬁmmahg pengrel 16 reay bdatilized.
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nitride liner 112 and trench 116 followed by an etch which removes the nitride from the
bottom 126 of the trench 116, but creates nitride spacers 118 on the sidewalls 130 of

trench 116. Creation of the Si;N4 liner may be performed by conventional techniques.

The buffered fluoride etch solution of the present invention may then be applied to
undercut the single crystal silicon substrate 10. Preferably, the buffered fluoride etch
solution may be applied at approximately 23° C for approximately 5 minutes, depending
on the desired size of the lateral shelf 114. As shown in FIGs. 7A and 7B, the buffered

fluoride etch solution etches faster in a direction parallel to the single crystal silicon
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fluoride etch solution depends on two conpeting

mechani sns - the oxidation of silicon and the etch

rate of oxide. This may be depicted in the follow ng
sinplified reactions: Si + 2 H2RO2 = RSB + H20 =

SS2 + 2 H2O ( 1) Half-cell reduction/oxidation

reactions: H2O2 +2 H+ + 2e- " 2 OEO0 =+ 1.77 V (2)

Sis +2 OH" = Si(OH) 2 + 2e (3)42Si B +6 HF H2Si F6 +

3 shp<Drated) O0T: etsecmm@r@iawit}s theevettical ¢tgh mmhe patoan 126 of the trench 116.
si I

a /g ?a%(rgl rrsgl]t a Q élaQ %Q%l%&xl) %gfﬁgﬁ%éﬂ onal %f&qﬁ 556 A may be created as
appownmnﬁKErNBImo and one half tines hlgher than

100) si on etch, t hou he buffere Iuon

sol utid h %ﬁ e? u’é’gg“4 7 ?éug’ gp{ﬁ‘? |(<£:e§?f ons, ﬁ’ﬁsg‘)t&’m 126 and
-sideivaﬂﬁ[DB@Tof&h@atfehd:}ﬁll 1@rand ahen tiar treochal iehag be filled with an oxide

pseudo- truct re accor to t hod of

prRlerl 1 Tk B Er B o PO I SO 2 Showg ip Flts. 8a anaB.

shows & plaak 174 \dQbsitddand!patieined Svértte Pilicén BitSdOMSerd 12 and oxide

Cross- sectlonal vi ew of the correspondi ng structure

t dradpriall bRy B conveppignal gsilicqnd eigh Rgying: SYNS SAGFIEVity to oxide may be

C?éx%ﬂhe&bédh%% i RG4S ol @aHAQOAABSd icon nitri de l'i ner
formed thereover. A masking |ayer 128,

for
exanpl éAn ppiians} wistidg liner 36 grayere dspevitedraad an|SQI il may be performed
ni fsfgh%sinn?fcilﬁ A kﬁozggj fagfer%a%t& %d—ﬁeﬁﬁ‘%bic% in FIG. 11, the

ayer e pattern east one trenc '
thwﬁefﬁmgla&@ subgretedntoi fmtabr pmflsingt teofprap f§r example, transistors,
ot h r l | t t}ggr 8%%' finéY tHeQQoJe“t%O%[)r% tﬂ?ﬂfg@&& S&)& structure. The
reg esdof presence of the
arseuaﬂuul sfontledes aa]lamh] sRelf em lnzmmg a)thde@sss cﬁAbatndOBB (+/- 10%).
ner,

t he si on ni.tride

11 corl e Bt bt Apedio nih el f A iy ransistors or access

OpRnkisYrs} 3Qerﬂ)6né stwonat 150asts sigmefi dahdin tdwérl€akapé Huetot the presence of

S|n silicon suhstrate 100. _The c v be ..
SR PR P P o e IS g It W be nderstood tht

C haatatd Y50 W dod ligditedith b dpl iateiMedihepsexdIPOB structure.  Any number

conpr.ising amoni a and at | ea En%%e fl uorocar bgn,

veed @pﬁl@op )f%l?nc:gggn SEDS mayhe pe in conjunctlon with the present invention

to create any desired device.

F1Gs. 12A-E depict silicon oxidation and etching using a solution of NH4F, QEII
and H,0O, (provided in a ratio 0f 4:2:3). The substrate was immersed in a stagnant bath of
the NH4F, QEII and H,O, solution at 23° C. FIG. 12A depicts a trench 310 in single

crystal silicon 300 with a nitride liner 320 prior to addition of the buffered fluoride etch
solution of the present invention. The top surface 312 of the single crystal silicon
represents the (100) plane. The trench 310 is <110> on the (100) plane. After 16 minutes
of exposure to the buffered fluoride etch solution at approximately 23° C, an undercut
profile is visible having a lateral shelf 314. (FIG. 12B) The etch is progressing faster
perpendicular to the (100) direction (i.e., perpendicular to the STI sidewall), than in the
(100) direction (i.e., perpendicular to the wafer surface) as shown in FIGs. 12C, D and E

after 22 min, 25 min and 28 min exposure, respectively. As seen in FIGs. 12A-E, the
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understood by one of skill in the art that any nethod

of formng trench 116 maybe utilized. Referring to

FIGs. 6A and 6B, a nitride |ayer nay be deposited over

the silicon nitride liner 112 and trench 116 fol |l owed

by an etch which renoves the nitride fromthe bottom

126 of the trench 116, but creaigs nitride spacers 118

on the sidewalls 130 of trench 6. Creation of the Si
Widumeﬁthﬁayddyb'lqgamﬁmnieg dryiltawisdn teaemsts wish mgr@ﬁss*aw&posure to the

o) etch solution of the present
lﬁéeekﬁs l%@ applled to undercut the single
cr yst aI T}i‘fl bmfﬁﬁed Slubsde atck sbﬁxtxoi?rrﬂé)ebabbmbuieh emhubfhef eahlponents in
fluori.de. etch_sol ution e |ed at appr oxj
D tmhiioR, S PRPE! grBes, B rRbRiagERe i oy Ao irious ways:
desid. edash @ l@ifs tlﬁeh@tclh gf@i@hloﬁ o singlelctystAsiloa W00 iah0 min (FIG. 13A),
FI Gs. 7A an uffered fluorjde etch soluti

ot o1 (IS8 1P 6mi b PR JEM (Gt bIIP}erorugitg the NH,F, QEI

TS ol Y A—
11‘16H OH atiead3oxh eEf&p&sMe SRMirBd using BistdenaR af. The top surface 412 of

apprOX|nater 450 A to 550 A may be created as shown
| rth&kiggle trisital Isflncdes¢pres¢ptsah¢1(thOD dlant.i The trérkh 4i@ys ls¢10> on'the (100)

o e%ze;qt ﬁ%eafgn} h ebt%tnt 0 %,26bu ﬁ é]gxce;%cla Iefc'ch |Imod1 Ll ﬁ forms a shelf

an renc
amrﬂbetcﬁie olf&hersl]ﬁionlélﬁvefarea evd thiopt el,gnﬂ'lcantly mcreasmg the trench depth.

n-on-di el hqoqwn in EJ Gs. d B. A
R | Gl e B3 i SBISOY dFite 0+ QUL A0 aPff i Sngle eretal
Ni dikidoAetoi B&fonﬂe&&n&fédsmgllydﬁari’fﬁb edsi e @2R. pnégreSses Thus, it will be

conventlon silicon efch having sone s lLectivit
S%t YEE %ﬂpﬁ‘ﬁﬂla}j&l)%m,\ﬁ%l &8 18 em ngaﬂon gw}ﬁqatchant solutions of

1Qﬁe p?bselQ inféntRR! Heviads Mhy be dﬁaddfi&ﬁred—%ﬁwﬂgyvaﬂﬁus charactenstlcs By
deposited and an SOD fill perforped as shown

FIeanipyiatingstheceteth gmg, ands gtghan ﬁemsmeh% Jifferept erdegeut profiles may be
Fl fehieldd. 1RG Stdmpll Ui ﬂé@ere@m&ﬁdé WadHe S418Hor ndyH bt N@mbined with

proceSS|ng to for f or exanp e, tranS|stors
catpaimm@«rSSNah@Pﬁwﬂth TMH qricembiiptipng fber@eﬁm ete the

d L ud ]
P oo T P S S e Rl By B S S fmiting examples

( HEXAMPRE 1 The resultlng structure, including any

transis ra nsi st.ors or

tran .S' Sl%]g,{ssmtg (5] Py(feﬁ Qf%/ a‘%%tl afgetegwéeéi %&FB&AM access structure.

Sipid pioFidivay chavdr by GrKegebidationt 6f & TMAHEEDOHS ebdh of 4 minutes 36
seconds at 25° C. A second etch using the buffered fluoride etch solution (NH4F, QEII

and H,O, (provided in a ratio of 4:2:3) was run at 25° C for 6 minutes. A conventional

oxide spacer was used for the two wet etches and removed after the ca\ﬁty creation. The
image. is shown in the <100> direction after the access transistors and bit line were
integrated along with pbly—silicon plugs between the transistor gates.

All documents cited herein are incorporated in their entirety as if each were
incorporated separately. This invention has been described with reference to illustrative
embodiments and is not meant to be construed in a limiting sense. As described
previously, one skilled in the art will recognize that various other illustrative applications.

may utilize the etch compositions described herein. Various modifications of the



oxi de material 122 underlying the silicon (see, e.g.,

FIG 1IB). It will be understood that structure 150 is
woei7iserr ed to being an internedi ate pseudo- SEIT/US2007/012904

structure. Any nunber of additional fabrication steps

may be performed in conjunction with the present

invention to create any desired device. FIGs. 12A-E

depict silicon oxidation and etching using a sol ution

O NH 4F, QEIl and H2q 2 (provided in a ratio of

4:2:3). The substrate was inmersgd in a stagnant bath

of the NHAF, gEII and H2OQ2 solution at 23 C. FIG 12A. i

devgirative emhediments, (isi Wel jap gdditiopgisergpodipents pf thggnvention, will be

Watfopar@n{' kd ?El@gng SBAE- 38 AP aktOlpdP @8dhid & tRE deb&iption. While the

buftered fluoride etch solution of the present

i rprefietred pmbadimentsofdhe present In2ntién hine brien gescribey bergin, the invention

sili-con.r esen he . (100, o I r 1S -

2 AP g B SR G IF 11, B0 U e B it GRER %o in the sbove
5 exjesaiption] as inasy hppdrentednbliosrtheleoftrepossiblet withousideparting from the

aggroxinatelﬁ 2%.0, an undercut profile is visible

haPIth@r SCPRETEM! shel f 314. (FIG 12B) The etch is

progressing faster perpendicular to the (100)

direction (i.e., perpendicular to the STI sidewall),

than in the (100) direction (i.e., perpendicular to

the wafer surface) as shown in FIGs. 12C, D and E

after 22 min, 25 mn and 28 m n exposure,

respectively. As seen in FIGs. 12A-E, thew dth of the

underlying silicon leg, or pillar, 350, decreases with

i ncreased exposure to the buffered fluoride etch

solution. The buffered fluoride etch solution may be

conmbi ned with other conponents in conbination with

pattern angles to manufacture vertical walls in

vari ous ways. FIG 13A-D depicts the etch progression

of single crystal silicon 400 at O mn (FIG 13A), 3

mn (FIG 13B), 6 mn (FIG 13C) and 9 mn (FIG 13D

exposure to the NHAF, QEIl and H2ZO2 solution (the

buffered fluoride etch solution) after a five mnute

ani sotropi c NHACOH etch at 23 C. Exposure occurred

using a stagnant bath. The top surface 412 of the

single crystal silicon represents the (100) plane. The

trench 410 is < 110> on the (100) plane. Increasing

the time of the buffered fluoride etch solution etch

fornms a shelf undercut of the silicon active area

W thout significantly increasing the trench depth.

Further, it can be.seen that the silicon |egs, or

pillars, 450 under the single crystal silicon 400

becones increasingly narrow as the etch progresses.

Thus, it wll be '



under stood that using appropriate pattern angles in
conbi nation wth etchant sol utions of the present

w0 pvengioon, devi ces may be manuf actured havi ngPUHUBZINT012904
characteristics. By mani pulating the etch tinme and
et chant conbi nation, different undercut profiles my
be achi eved. For exanple, the buffered fluoride etch
sol ution may be conbi ned with hydroxi des, NHAOH, NH4F
TMAH or conbi nati ons thereof. The invention may
further be understood by the falJsowi ng non-1imting
exanpl es. EXAMPLE 1 FI Gs. 14A ang B depict two TEMs of
an integrated PSO DRAM acces§L&Mcture. The profile
wa .the conbi nation of a TMAH (100: 1) etch
ofﬁgﬁﬁﬁﬁ%§g§8%% seconds at 25 C. A second etch using
the buffered fluoride etch solution (NH4F, CEIl and

H20O (provi deq i i Q. -9 ) £ or
6 ot Be. s cBRpBabrbeitla dyrelpddfte fitthefl orfalsificth, the method
"~ 5t heohpuisimgt et ches and renoved after the cavity : '
creatian. The.ima .S shown in the <100> direction NN
ot Palerife » 3l 5 sifoB gV 0e ahlgope Foneh igiefin'BE'<100> direction
i ntegrabgdl al ong with poly-silicon plugs between the -
transistor gates. Al docunents cited herein ar ‘
i nteogBriae St Singls papee Witarrtgapoliop fncluding ilpeide component, an
i ncor pOBﬂhez%%:@@a{ﬁheAnmnorgmﬁgabiaventI on has been
described with reference to illustrative enbodi nents
10 and is not neant to be construed in a liniting sense.

As descyi bedthg MMV ¥lairANS fifttHel L& Apriding ffecRhf th fdoride
recogni ze that various other illustrative applications

magornpenentte hetpnmaeninmdbionids ifermnddrane gwmasinm ped bydrofluoric acid.
Various nodifications of theillustrative enbodi nments,
as well as additional enbodinents of the invention, - ‘
wi | | be3appalThamethodpdckond, Skihet eamprsinghiatraducingibe single crystal
ref.eren this d riptio ' e_pr s ped

15 (o BEFTETE Sl 4B ERLRALLr bl 16 ¢ 16 BTB €
descri bed herein, the invention defined by the clains

herein iis not,|lim.ted_.by.particul ar detail et forth .
o the 4bove euogor st s rfitr St introdiing s fele crystal
t hsities toad ®hftivashdiiding\h fluotife eappdricht) gn bxidivingdwzefPard dn inorganic
or scgope thereof.CLAI What. is clained js: 1. A :
mefH Weleﬁﬁ%ﬂqﬂb’lﬁngg‘éﬁraep}ﬁﬂg%?%ﬁﬂ aé‘?“rﬁatlge crystal
20 silicon, the nethod conprising: v '
5. The method of claim 1, wherein patterning sihg]e crystal silicon having at
least one trench therein comprises exposing the single crystaJ silicon to an anisotropic _

etchant to form at least one trench therein.

25 6. The method of claim 5, further comprising selecting the anisotropic etchant
from the group consisting of tetramethylammonium fluoride, ammonium fluoride, and

ammonium hydroxide.

7. The method of claim 1, further comprivsing selecting the fluoride
30  component from the group consisting of hydrogen fluoride, ammonium fluoride and

tetramethylammonium fluoride.



patterning a single crystal silicon having at | east
one trench therein in the <100> direction; and

WO ndoroedec: ng the single crystal silicon to a spCTUBIINT7/012904

10

15

20

25

30

including a fluoride conponent, an oxidizing agent and

an inorganic acid. 2. The nmethod of claim1, further
conprising selecting the fluoride conmponent to be
amoni um fl uori de formed from amoni um and

hydrofluoric acid. 3. The nethod of claim1, further
conprising introducing the singi crystal silicon to

the solution at a tenperature of about 10 C. to_ about

90 C. & Thélheaneibed of claiml rfthericemprising selgptinasthe iporganic acid
| G B iR 8 AR ENR R ookl RhERRGhCscld Sifkhe R0 piric acd
arhydreehlyaiciacidaariddarbehiragidh t he sol ution includes a pH

of about 5.8 to about 9.8. 5. The nethod of claim1,

wherein patterning single crystal silicon having at

| east ane trﬂmhembxebmlmncarfpﬂhaeﬁn@npmglsalgcﬁdgahe bmgizmg agent
crystgl silicon.to a i sotro etchant, to faorm a

" e srgorn Eeivio e i HOSR PorRu e Dp A P e uorate.
further conprising selecting t he ani sotropi c etchant
fromthe group consisting of tetranethy]anmoni um

f 1 uori d@: " anthsripethed pLARM L Whegein e CRTEFSSS igpnersing the

7. sing1€ cryBta NGBcd in Badd iAtihdink WH ¥ H,00 MR IGEING SRll@Gbtkidgatio of
the T1udride conponent fromthe group consisting of

hyaioogeR:3f | uori de, amoni um fl uori de and

t et ranmet hyl anmoni um fl uori de. 8. The net hod of cIa|n11,
further conprising selecting the inorganic acid from

t he group cornsi méﬂm@ obélairy tirvelidreiannteoducing, copipoisqshomersing the
aci.d, sulf ni.tric acid

d ; i d .
arﬁﬁ“&!‘éf%tﬁfj%ll%a q bagl lnﬁlﬂgmﬁg{)?]rgéir%qt}glg lrlg-g% \g‘% Igh[?]? Iﬁlgproxxmately 3-
c Om%%sgo%g apftoLimtdtdld 0t102 wox Hdp &, BE oMELstd,fahe Hbﬁtﬁ%mately 43 - 86.9

group c I'sting of” hydrogen perOX|d , ozone and
amendeionigdnbatesor at e. 10. The net hod of claim 1,

wherein introducing conprises imersing the single

crystal silicon in bath including NHAF, H2Q2 and CE

in a volumetTheméetabd of elhina boMiierdin 2atdoducing the single crystal siliconto a

solution comprises etching the (100) plane of the single crystal silicon more slowly than

either the (110) or the (111) planes of the single crystal silicon.

13. A semiconductor device structure comprising single crystal silicon

including a square undercut feature.

14. The semiconductor device structure of claim 13, further comprising a
nitride spacer on at least a portion of a top surface of the single crystal silicon substrate

and at least partially extending into the square undercut feature.

15.  The semiconductor device structure of claim 13, wherein the single crystal

silicon comprises a lateral shelf.

16. The semiconductor device structure of claim 13, wherein the single crystal

silicon has a top surface comprising (100) silicon.



11. The method of claim 1, wherein introducing
conprises imrersing the single crystal silicon in bath

WO p@badiony approxi mately 10-35 we NHAF, appr oxPOEUS1097/012904

10

3- 20 W6 202, approximately 0.1-2 wb H3PO4 or ot her

acid, and approximately 43 - 86.9 w¥% dei oni zed wat er.

12. The nmethod of claim1l, wherein introducing the

single crystal silicon to a solution conprises etching
the ( 100) plane of the single crystal silicon nore
slowy than either the ( 110) o the ( 111) planes of

the single crystal silicon. 137 "A semn conductor device
structure conprising single crystal silicon including _
a squarg, undercut .feature.,. 14. Th can [

devi ce 1§7t r ugflberscae o) A Y Fndivéfe T f‘ﬁé?@%ﬁh?ﬁﬁ h%ée]%me Square_
Ni drdeft@t faaagecornprises at leas onaupderiiit rendf foamed n the singleacrystal silicon

of the single crystal silicon substrate and,at, | east

DD SR e TP e A St BRI chlgh R erface of the
15ingib erys@Nbif 8sibERAte BEY h §&08d trefdniv gl Sifbs@haAlN Jatallel to the surface
wherein the single crystal silicon conprises a |atera

shefithe single crystal sdispR $H§tia€or device structure of claim
13, wherein the single crystal silicon has a top
surface conprising (100) silicon.17. The sem conduct or
devi ce structure of claim 13, wherein the square
undercut feature conprises at |east one undercut
trench formed in the single crystal silicon substrate
and including a first trench wall substantially
perpendi cular to a surface of the single crystal
silicon substrate and a second trench wal |
substantially parallel to the surface of the single
crystal silicon substrate.




