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In the fabrication of integrated circuitry, numerous devices are packed
into a small area of a semiconductor substrate to create an integrated circuit.
Many of the individual devices are electrically isolated from one another.
Accordingly, electrical isolation is an integral part of semiconductor device
design for preventing unwanted electrical coupling between adjacent
components and devices.

As the size of integrated circuits is reduced, the devices that make up the
circuits are positioned closer together. Conventional methods of isolating
circuit components include trench isolation. Such occurs by etching trenches
into a semiconductor substrate and filling the trenches with insulative material.
As the density of components on the semiconductor substrate has increased, the
widths of the trenches have decreased. TFurther, the depths of the trenches have
tended to increase. One type of semiconductor substrate material within which
isolation trenches are formed is crystalline silicon, and which may include other
materials such as germanium and/or conductivilty modifying dopants. A need
remains for developing improved etching chemistries which enable trenches to

be etched into silicon, for example in the fabrication of trench isolation.



2 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a diagrammtic
I sometric view of a portion of a sem conductor substrate in process

i n accor dagp8owiohfso@n embodi ment of the invention. Fig P&mﬁo@oszng
sectional view of the Fig. 1 substrat2 taken through Iine 2-2 in Fig.

1. Fig. 3is aviewof the Fig. 2 substrate at a processing
subsequent to that shown by Fig. 2. Fig. 4 is a view of the
Fig. 3 substrate at a processing subsequent to that shown by Fig. 3.

Fig. 5 iBRaEF]BE/SQ?RIPfIEONQ_ F THEWRAWANGSIt a processing subsequent

to that shown_by Fi . Fig. 6 is a sectional_ view.of the Fig
substrate takEifg thi ﬁg‘HaS’FfﬁgmB“S ISpmgefrc "!‘3‘3“"’|’§Ifga ppriian é’fsaeé?mtﬁ?&ﬂuctw

view of {stfdt8in %r&mtlﬁaarceo;cﬁlﬁ@@ kW Qﬂghlﬂdd?ﬁqezt éf bk H\@ntion.
Fig. 8 is a view of Fi g. substrate at a processing subsequent

to that shownFig 2‘Fnga S§ct1<|ni1aj V19W| of thesligt ilondistratetaksh thneughi fne@-2 in
substratﬁé_allgen through line 9-9 in

Fig. 3 is a view of the Fig. 2 substrate at a processing subsequent to that
shown by Fig. 2.

Fig. 4 is a view of the Fig. 3 substrate at a processing subsequent to that
shown by Fig. 3.

Fig. 5 is a view of the Fig. 1 substrate at a processing subsequent to that
shown by Fig. 4.

Fig. 6 is a sectional view of the Fig. 5 substrate taken through line 5-5 in
Fig. 5.

Fig. 7 is a sectional view of the Fig. 5 substrate taken through line 7-7 in
Fig. 5.

Fig. 8 is a view of the Fig. 5 substrate at a processing subsequent to that
shown by Fig. 5.

Fig. 9 is a sectional view of the Fig. 8 substrate taken through line 9-9 in
Fig. 8.

Fig. 10 is a sectional view of the Fig. 5 substrate taken through line 10-10
in Fig. 8.

Fig. 11 is a view of the Fig. 8 substrate at a processing subsequent to that
shown by Fig. 8.

Fig. 12 is a sectional view of the Fig. 11 substrate taken through line 12-
12 in Fig. 11.

Fig. 13 is a sectional view of the Fig. 11 substrate taken through line 13-
13 in Fig. 11.

Fig. 14 is a view of the Fig. 11 substrate at a processing subsequent to
that shown by Fig. 11.

Fig. 15 is a sectional view of the Fig. 14 substrate taken through line 15-
15 in Fig. 14.

Fig. 16 is a sectional view of the Fig. 14 substrate taken through line 16-
16 in Fig. 14.



Fig. 8. Fig. 10 is a sectional view of the Fig. 5 substrate
taken through line 10-10 in Fig. 8. Fig. 11 is a view of the
Fig. 8 subgbhajoRribg @ Processi ng subsequent to that shgid¥odsiosh7id-
Fig. 12 is a sectional viewof the Fig. 11 substrate taken through
line 12- 12 in Fig. 11. Fig. 13 is a sectional view of the Fig. 11
substrate taken through line 13- 13 in Fig. 11. Fig. 14 is a
view of the Fig. 11 substrate at a processing subsequent to that
shown by Fig. Flg. 17 is a Figv ofThesFig. sectalnalte \at epicebfidgRbseddent to

substrate taken ine ISISin Fig 14. Fig. 16 is a
sect i onafhdf; Ql’ﬂ;ggﬂ 14 substrate taken through line 16- 16 in

Fig. 14. WO ?@Q9IQY§§Q%€§JﬁM821@9869812J?9g.317 substrate taken through line 18-

18 in Fig. 17.

Fig. 19 is a sectional view of the Fig. 17 substrate taken through line 19-
19 in Fig. 17.

Fig. 20 is a view of the Fig. 19 substrate at a processing subsequent to
that shown by Fig. 19,

Fig. 21 is a view of the Fig. 17 substrate at a processing subsequent to
that shown by Fig. 20. ‘

Fig. 22 is a sectional view of the Fig. 21 substrate taken through line 22-
22 in Fig. 21.

Fig. 23 is a sectional view of the Fig. 21 substrate taken through line 23-
23 in Fig. 21.

Fig. 24 is a view of the Fig. 21 substrate at a processing subsequent to
that shown by Fig. 21.

Fig. 25 is a sectional view of the Fig. 25 substrate taken through line 25-
25 in Fig. 24.

Fig. 26 is a sectional view of the Fig. 25 substrate taken through line 26-
26 in Fig. 24.



Fig.
to

17 is a view of the Fig. 14 substrate at a processi ng subsequent
that shown by Fig. 14. Fig. 18 18 in Fig. 17. Fig. 19 19 in Fig.

17. Fig. 2Qohb@rseewn by Fig. 21 that shown by Fig. 2%cidusaivshbie
21. Fig. 23 23 in Fig. 21. 4

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Embodiments of the invention include methods of etching trenches into

silicon of the semiconductor subsirate, and also methods of forming trench
isolation in silicon of the semiconductor substrate. Further, embodiments of the
invention also include methods of forming a plurality of diodes.

Referring initially to Figs. 1 and 2, a semiconductor substrate is indicated
generally with reference numeral 10. In the context of this document, the term
"semiconductor substrate" or "semiconductive substrate" is defincd to mean any
construction comprising semiconductive material, including, but not limited to,
bulk semiconductive materials such as a semiconductive 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, inciuding, but not limited to, the
semiconductive substrates described above. Substrate 10 is depicted as
comprising a bulk semiconductor substrate, for example comprising
monocrystalline silicon 12, although other silicon-comprising substrates such as
semiconductor-on-insulator and-other substrates might be used. Material 12
may include other materials, for example germanium and/or conductivity
modifying dopants. In one embodiment, bulk silicon material 12 comprises a p-
type bulk region 14 that is doped to any suitable p- level doping. Thereabove
are sequentially depicted an n-type doped n+ rcgion 16, an n-type n- doped
region 18, and a p-type p+ doped region 20. Alternate silicon-containing
substrates are also of course contemplated.

A series of masking layers is received above silicon material 20, Such
includes a pad oxide layer 22, a silicon nitride or polysilicon layer 24, a
hardmasking layer 26, an antireflective coating layer 28, and a patterned
photoresist layer 30. Any of such layers are optional, and may comprise
multiple different materials and/or layers with respect to each. Such materials
may or may not be ultimately sacrificial. In certain embodiments, hardmask
layer 26 may be any of insulative, semiconduciive, or conductive. Example
insulative materials for hardmask layer 26 include silicon dioxide, whether
doped or undoped, as well as silicon nitride. Example conductive materials for

hardmask layer 26 include any one or combination of refractory metal nitrides



Fig. 24 that shown by Fig. 25 25 in Fig. 24. Fig. 26 26 in Fig. 24.
Fig. 19. is a viewof the Fig. 17 substrate at a processing

subsequent wigooii@33080. 1S a sectional view of the Fig. pdr/siibslogstise
taken through line 22- is a sectional Sview of the Fig. 21 substrate

taken through line 23- is a view of the Fig. 21 substrate at a
processi ng subsequent to Fig. 21. is a sectional view of the Fig. 25
substrate taken through line 25- is a sectional view of the Fig. 25
subst r at €i.t KB, tWiNyugrd. )| irefra26ry metal silicides (WSiy, TiSk, etc.), or any metal

in elemental form (Ti, W, etc.). Photoresist 30 is depicted as having been
patterned to form trenches 32 to antireflective coating layer 28.

Referring to Fig. 3, photoresist 30 (not shown) and antireflective coating
layer 28 (not shown) have been used as a mask to etch through hardmask layer
26, with photoresist layer 30 and antireflective coating 28 being removed at
least in part by such etching and/or subsequently. An example anisotropic dry
etching chemistry for conducting the same includes SO, + O; or O»+HBr, or O,
+ Nj for the photoresist, and for the antireflective coating generally one or more
fluorocarbons, for example CF4,+ HBr + He.

Referring to Fig. 4, patterned hardmask layer 26 has been used as a mask
for etching through layers 24 and 22, thereby extending trenches 32 ultimately
to silicon 12. An example etching chemistry for etching through a silicon
nitride layer 24 includes one or more fluorocarbon + SF6 + NF3, while an
example etching chemistry for clearing pad oxide 22 thereafter includes one or
more fluorocarbons, for example CF4, CHF3, CHyF,, etc. Fig. 4 thereby depicts,
in but one example embodiment, the formation of a mask 35 over silicon of the
semiconductor substrate, with mask 35 comprising trenches 32 formed there-
through. Such mask may or may not include a hardmask layer, and in but one
example can be considered as a first mask comprising first trenches 32 formed
there-through which run in a first major direction over substrate 10. The
example first major direction in the depiction of Fig. 4 would be perpendicularly
into and out of the plane of the page upon which Fig. 4 lies. Of course, first
trenches 32 might not be entirely straight in such direction and might, by way of
example only, serpentine relative to each other but nevertheless, in one
embodiment, run in a first major direction over the substrate as just described.

Referring to Figs. 5, 6, and 7, trenches 32 have been extended relative to
substrate 10 by plasma etching into silicon 12 thereof using mask 35. In one
embodiment, the plasma eiching comprises forming an etching plasma using
precursor gases comprising SFs, an oxygen-containing compound, and a
nitrogen-containing compound. The oxygen-containing compound and the
nitrogen-containing compound might comprise different compounds, and/or

might comprise the same compound. For example in one embodiment, the
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with three such example layers being sequentially shown as comprising a first

layer 42, a layer 44 thereover, and another layer 45. In one example, layer 42 is
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first trePches conpri ses_ hardmask | ayer 26 of the first mask

Ref er ri n§t t2f %ly’ SEERHY NG dRlekive gbqarﬁbeo‘lﬁ'@énb‘éxfléﬁ%fé]éﬁlpﬁﬁ:om one
silicon é&bgﬁlrﬂéﬂsnﬁnﬁtﬁh'd’%&ﬁﬁﬂ eﬁfajé&s'd}ﬂa&ﬁﬁo%@e@% s 2L A just
material 42 (not Shown or viewable in Fig. 20) may remain 1§rom he
processi figsc@disdet ed by Figs. 14, 15, and 16 (not shown), or anot her

mat eri al prov t, .t f t

viewabl e in Fkgfeq’él&% X pg%%?l%edbo aor{dt ﬁghga{tg sucﬁh%%%ré %arbznc se’“ta%)45
be et chethad edbpem)wissl becet ubnchgs saemasﬂd to regeic hfb&oi@coritmmm@ haY¥nask layer
2009/ 073 8PCT/ 200 719 sma_ etchin t he
second t%gnceﬁéré htaB J%’lalS %ﬁﬁ%@g %nﬂngo SR HRSR dptir%&‘#&
usi ng pr eauhﬁcMghgasﬁmmrrmyesmsgtoSEﬁxcoannwmaeay&om AW gheRIpapeshle
and a nltrogag cont ai ni ng con&aound Any of the above-descri bed

processi MgteHaHt> beingiiemoyed during sugh Stchmng,mmd/pn subtaquastlyo form t he
second trenchesrewihbitd tHe. 3'7' 11QORHAl qutetgﬁlrxtglqﬁassﬁg&] %neﬁclﬁ'dftfo £8hd

fromthe plasma etching to formfhe first trenches wth e5| I con
mat er i al treqelrashed thrpate gdicdinesdrideHeypt 44 mndepethiorgde dayar &2 tthesilicon
second t sS40 ght e t p r

Sl ur- cHEPET 1T OhlesBRMels 2l 5 G WRePLARIRAR AR RhRY Aencheges0
f or exanpttendshadigrh ﬂeshnaﬂeda:adro?/@ oﬂ?ﬁgﬂrmhﬂss%aaddbywmmbfmﬁkaﬁphe

only, ex | & dept renches 50, within sili e 1 re.
£r om abolsdsBBeialis dishe FEGARR AR SOBB S An ik HOREK Wy bh S4nBhehe B
Angstrommaklei ng a specific exanple. Sone or all of such
materials 22, 24, 26, 42, and 44 may or not be ultimately renoved
fromthe subRelgrdng Ftpg%lg 29, 5290175&#@“21333 gQ hagy benesedapiied ombysilicon

depi ct a4 b?nplﬁyxﬁgtf{f'gﬁ e§ec§¥"ﬁ(§1ﬁg s@@gﬁ'd Eﬁgﬁvﬁj ??]ee o?%{ngtlgfiz (?n%?

pl asma etch ond trenches resu ornmation~o
spaced sshqvoomf @mrvparblsun@geéa}snﬁ& remain frcﬁnbb@lpnmrﬁssmgfdetmeted by Figs.

I nvent| OP4,I Péz,l zlljrgcfa I%m&n%? o%];n)f %Ii' ngnr(]) grrgg?er}ialsp%lo%} on a\lcmt lenaseé Iolfciorst
trenches 32 (not shown or viewable in Fig. 20) to preclude portions of such first

trenches to be etched deeper while etching second trenches 50. In one



Regar dl ess, enbodi nents of the invention al so enconpass net hods of
formng a plurality of diodes in conjunction with form ng spaced

si |'i con- copghi@jorBegresas. For exanple and by way of exagrh@2008b¥2719
Figs. 24, 25, and 26 depict subsequen® processing whereby insulative
material 66 has been deposited to be received about spaced
silicon-conprising nesas 65 and a conductive suicide |ayer 68 has
been fornmed over nesas 65. Exanple insulative materials 66 include
one or aembobimeait, otheofplai;xhiacen:hﬁnhgrbﬂethande@jdd caeenchieoximte, tha\Bilicon
2009/ 073308PCT/ US2008/ 08271 nd a specific exanple conducti%%

sui ci de FRAPBHPET 188 et ud “&%15’ TS UF 1SR CCAME  BTAER CRAWFBYE SF6, an

addi ti ongk g’@ﬁ@éﬁt@izﬁn@@ﬁﬁ &fnd:%HS@nneogbsleel@ntmﬁnglc%p&&ﬂZGAny of the
constructlon m ght be fabrlcated b exanpl € onl

deposi tuw\@rdwé}qdaprcwswgo%shﬁ ?J/q: qtﬂezesir e HEKdST, weanlaasrraaaﬂqug to
thereof, g IE@%ES‘ @&ntcﬂefgflﬂﬁﬁ ttthSI%'cl)Jf’lCXHFFe'lﬁ%?Eﬁeg Qﬁierif‘szgﬁ’dlfferent

follomed e subsequent salicidation o expose
rrat eri al frofn the pﬂxm etching toRagar thee§1$$t Eegtsheszmm&l dbkpisclicdromm¢iiain

i ndi vj x i ode on i vid aI he s d .
ot 1 con- EotiBry EPR RkiedleTeahe plaffla' Rbiia Hofe ™ che SeRBRG HiRnehes bisky
conpri Seccﬁnpnwpaa S¢tehiv@N-pl O | @d:ﬂgngﬁagl an s{ifuf confa@@ingn cdfponadi amn
n-type silicon-conprising region (i egions 16, 18). .In gne

enbodi mePYSSTNEPIAHAR %nr%%%e%ﬁﬁﬁi.@%ma og ¢>iwec%ﬁ¥slosiiw@r+b@&. hpve.
(i.e., rRQ%él‘&le%@)ar@ﬁy%E’?@'exraﬁﬂ:llgrbn(l!,r Exam pRIGGALO V) - tr B8 Y5 O%vithin

exanpl e on the di odes m ght be used in Progranmabl e Conductive
Random Aubegs mveieoiy 12PorRANMPME PO a15i08ndngsttameitalaliut 3,500 Anpstrams,

ot hod_ ol UG S6PASEsh SO BeBidd Qg @ Serm conduct or

substrat e, 1 rs 35k over silicon of a
sem conduct orSmbsirreBlﬂ @f dued hiatesialsr@2k 2d02p1 4L ragdf44r stayt oencyesot be

fornmed there t ough running in .a first,.majar directjon over the
Gobst rar BHHEY 1SE0v BT Bt rSitiata FABT dndid: PRG A Dy VY of Sawiple
et chi ng éilgstdebi@nghess isith hberkild iOMmObeehersemsoRdICrOgardless, the
substrate using the first mask,_ the Elasna etchlnqéof the first

t

trenchesPippig £iebing 19fcHir seepid STaRGhed s REngn Ittha| frymatieanal sorpgd

precursqﬁhgg§qgnﬁg@ghg§ﬁ&35556 an oxygen-contai ni ng conpound, and a
ni trogen-cont ai ni'ng conpound, fornlng a second mask over the
e

first trenchddmbpfanestsond i kinvsntiphsingudecordhedserehedormngrettench
th t bst
Cer | Dl ISk P CONERTBERku L SHbLARO Al TR SHOHA b1

which is o rst maj or rection, the sec

conpri sicugmptiee Harmatsk dfas;/;mcedfsxhhen-fcpnmnsmg knewad. nBbr exespilagntl hey
first tregchof 'example only, the above-described processing after Figs. 5-7, or
otherwise, might include depositing insulative trench isclation material to
within such trenches without necessarily forming the above example second
trenches. Further and regardless of forming mesas, insulative trench isolation
material might be deposited to within first and second trenches formed within
silicon.

Regardless, embodiments of the invention also encompass methods of
forming a plurality of diodes in conjunction with forming spaced silicon-
comprising mesas. For example and by way of example only, Figs. 24, 25, and
26 depict subsequent processing whereby insulative material 66 has been
deposited to be received about spaced silicon-comprising mesas 65 and a

conductive silicide layer 68 has been formed over mesas 65. Example insulative

materials 66 include one or a combination of silicon nitride and silicon dioxide,



pl asma etching second trenches into the silicon of the sem conductor
substrate using the second nmask, the plasma etching of the second

trenches iwWhoodolt®s384 ! 1 con conprising form ng an et chi NnGARIAESHB/OESINI
precursor gases conprising SF6, an oxyfen-contai ni ng conpound, and a

ni t rogen-cont ai ni ng conpound; and after plasnma etching the
second trenches, depositing insulative trench isolation material to
within the first and second trenches in the silicon. 2. The

net hod otndlakpecifishereipletdimdsedondiliailke ingtdri nesdifolodesntidBdlt 3jlédide.

resi st ei ved over t .hardnask | ayer. of the first K, . .
The met hgﬁfeaﬁaa 3 i @ﬂéﬂﬁ@%’mﬁ%@ sgersede R fifhgtFl&as%f 128
i nsul ati ¥8nstruction n41gh-{h@e TRbNOHQf bS! /laW &f V@iﬁﬁﬁil@ dif1g, B?rﬁlﬂ?ﬁﬁnon of

| ayer of the first mask is conducti veé. he nethod of claim
4 wher ei mattﬁéahéﬁdtﬁttQ\«%leaﬂmrﬁ@kmhagseplamrtzn@on|trhgrlewndc@ﬁ’ﬁf:rrs@g to

at | east eglggseofhe ifi FI)B %%%IXSIH?E%SFQI %l'lcg%sd By' tﬁgrsﬂg.gé)@érl%g?%géld&non of

silicide otrm

forni ng theecposedalidtommaterisl 61 henmeasa sem conductor substrate,
conpri sing: Regardless, Figs. 24-26 depict formation of individual example diodes 75
on individual of the spaced silicon-comprising mesas 65. In one embodiment,
the individual diodes comprise a p-type silicon-comprising region (i.e., region
20), and an n-type silicon-comprising region (i.e., regions 16, 18). In one
embodiment, individual diodes comprise a silicon-comprising region (i.e.,
region 20) and a metal region (i.e., region 68). By way of example only, the
diodes might be used in Programmable Conductive Random Access Memory

(PCRAM) applications.



formng a first mask over silicon of a sem conductor substrate, the
first mask conprising first trenches fornmed there-through running in
a first major direction over the substrate, the first mask conprising
a hardmask | ayer; pl asma etchlng first trenches into the
silicon of the seniconductor substratélusi ng the first nmask, the

pl asma etching of the first trenches into the silicon conprising

form ng an chi g pl asma using precursor gases conprising SF6, an
oxygen-contm—conpound, and a nitrogen-contai ni ng conpound;

form ng a second mask over the first trenches, the second mask
conprising second trenches fornmed there-through running in a second
maj or direction over the substrate which is orthogonal to the first
maj or direction, the second mask conprising the hardmask | ayer of the
first mask, 1. pl asma Atwkitied sctmahingetrehed iswlatiohenssilicoonobfa
t he seseoundoductorssibssirates ammhpgstrige second mask, the plasma etching
of the secofarntingnglferst sk bher silidarpof aosgmi so mdu dtor mubgtieateetiodifingt
pl as e mess K gopiEdsingofir g asesclioesio traed ¢hSré-thadu ok rgenit@nih & firstlgmajor
conpoudikectint aver tHPgahsaané AtHE festCPRBRUSprising a 184 idha Bk de¥&r;
etching thep wﬁadetdmﬁ?hﬁsst denesids Moto MEY! 3flicks e desicahicRittor
mat er i %hb%ﬂa%tﬁﬁlﬁgtt'ﬁ% FStShnadRkd tRECHI BRm4 %QEH bR thB%@t't%&rﬁ’&n?éﬁ to

the fogm ngjiebnt BEncfaR 0P lo¥Einyl (I adital 8 M5recirey
W th sger i hﬁ's&amﬁ)gh'@fyﬁon%gw@%ﬁgﬂag afn'dfafﬁg %%rbé tammg
overflfgﬁ g eflrst tre hes

5. ey noc! gy apooFRE B h bt e e 1 hihes iﬁgeﬁ%%ﬂéumsrk

ost g iRl By %‘H"HOQ in.a SecoRdomalor
igmscgabr&&tlaw %ﬁgﬁ substrate wﬁ?@ﬁ 9{“& paks %2“?.1'”%@8@?% 'éé)ctlon
£ or med o caaagh %%Prhﬁ'nlgnt%efharrgmﬁ‘ﬁ‘} faven PEdheofirgvAsknand not

subst rﬁf%SS'f'Eeth\el first trRRMQSNpri si ng a hardmask | ayer; pl asnma
etchi ng firBlasmerriseing @te(@ondetr@npﬁ@mn@@ theesiieancehthe semiconductor
subst r aubstratagushy fihestseswkd meskpl templisrhangtoliingheof ithst second
t renchtreniches tihto sild csilicopmeoingpmgingorformin@naat etchipgpl Essmaisusing
pr ecur pogcWEnEeSgaseprcempgistir®, SBy, any osngeonrtan tainig oc acopopound arthda a
ni t r ogaltregpah-aontagicgrqoupdund; and form ng a second nmask over the
first trenchfier plédemaesmingadl $eGHd Stk as ashdgianghesufativedench
t her e- |dy1QH8A hEEH A% Withid Se@ TidsTBhAIsSHd RE et h@ein tHesiebht rat e
which is orthogonal to the first rraj or direction, the second mask
conpri sing phe hagdmRakhd @¥srcl8im! '\?vffé i tABSecd i &K 9otheliFPom
ff;ggﬂg{yﬁl‘aﬁ?% Hé‘%%e%?é’c?%‘vfe'rriﬂ Ha%' L014¢d 61“tﬁé‘ﬁ t hakk.

3. The method of claim 1 wherein the hardmask layer of the

first mask is insulative.

4, The method of claim 1 wherein the hardmask layer of the
first mask is conductive.

5. The method of claim 4 wherein the conductive hardmask
layer of the first mask comprises at least one of a refractory metal nitride, a
refractory metal silicide, or a metal in elemental-form.



pl asma etching second trenches into the silicon of the sem conductor
substrate using the second nmask, the plasma etching of the second
trenches into the silicon conprising formng an etching plasma using
precursor gases conprising SF6, an oxxgen cont ai ni ng conpound, and a
ni t rogen-cont ai ni ng conpound; and after plasnma etching the
second trenches, depositing insulative trench isolation material to
within the first and gecond tren I.n_the si . . _The
nmet hod of chal m vvhe?‘el J @&W'Egdéﬁe&qq '(ﬂ;og%t'? I I'ntﬁ'i'cpinr s?f a
trenché& gmlconduc rsuqsp %'? 9 wherein the |iquid i? )
deposi t ed tBordwgmflr RAY Pé’?rﬁ‘ é‘?ﬂ!h@ a semicongyct Ofr?é‘tﬂ*’éWSd e first
cl ai m SNYEPNR g NI '[%tcfir???rh%? tfﬂ@“?ﬁcftli‘le(ﬂet@r%“@alr‘“ﬂ'““&ﬁhd” a first major
renovi Ry achi@seY pdthe supstigte neh /lEpesmeskCamprinid & hadmpskdayer;
i sol ati on matagmal eteningt first trendhiassintendheesdis@nt éndreesemiconductor
12. Theumstriade ugingl thienfitstcongsk, dhegplasasaretebisty nf thhefisddomdches into
t r enchélse t ®libenshahiprigngi fdroninige asi leitcloimgt Ipdas mae utsieg f prestursor gases
t renchesmpriging SFg, ah3oxyygeretcoadaiping @ompguhdeaedld asttraligemrcontaining
si | i cogoaip@ursgm conduct or substrate, conprising: formng a
first mask eteiing ld atodd angeri 698HURIOFirstiRséhehSs, the EbEShdNMRfdsk
conpri gbAthridingtsd e MR HISRI i diE kife A2 1A H HIMKIAG thNa @elcbh$t major
maj or aarre%@:blnoavev%ﬁetmas%% WM& ik b gShalMBs khE AL ML direction,
har dmagke ls@¥8hd mask comprising the hardmask layer of the first mask,
plasma etching second trenches into the silicon of the semlconductor
substrate using the second mask, the plasma etching of the second
trenches into the silicon comprising forming an etching plasma using
precursor gases comprising SFg, an oxygen-containing compound, and a
nitrogen-containing compound;
after plasma etching the second trenches, depositing insulative trench
isolation material to within the first and second trenches in the silicon; and
the forming of the second mask comprises filling the first trenches with
sacrificial material, and removing the sacrificial material prior to said
depositing.

7. The method of claim 6 comprising overfilling the first
trenches with the sacrificial material.



pl asma etching first trenches into the silicon of the sem conductor
substrate using the first mask, the plasma etching of the first

trenches into the silicon conprising an etching plasma conprising a
sul fur-contai ni ng conponent, an oxygen cont ai ni ng conponent, and NF;
form ng a second mask over the first fiPenches, the second mask

conprising second trenches formed there- through running in a second
maj or direction over the s bstrat ch 1S rth go to the. first

n
maj or directi t he % gk ?"é“'H& S(fﬂﬂgﬁn '5&/8 “C(S)tn f)Iftea
first EIKC Uﬁtﬁf Y trenches sm et chin
second tren é’%'nrgn? ir P&’Bh SHfCQWQf%W@6Wﬁ¥%Wr£{E§F fe'l %rfhgt
the sefMRRK FRENTISING 'Iséstﬁ%”@t%%n agnef thesedbEpnah tuanim@dnigiisst major
si | i coRiresHion ayagthm sebsHiatg, hadne Beskreanpgsing @ hardmaskdayerig
conponent , Qtﬂ&iﬂ?g@tﬁ"dﬁﬁt Hrsfi deernadgsonetn thanailigen sidthe semicpidsictor
pl asrrasebemartg ugingstbeofidstt maskhdbe pllasma tatngmgmmlthel fissttirenches into
i sol at tlve siliteni abmprisinghforming farr stchimg ptesma wsémg hprsedursbhegases
si | i cosomprising 3&s, Annetyweh-egontamimggdmpoohd| aoldaai mitrdgernstbntaining
of a seorymnghutt or substrate, conprising: formng a first mask
over silicoforoding $eHexdMThaEkSubst rlee firkharénéivés MR 66BBAHS hilkk
first topipiangl EdBt tReT@rduadY tHER- ﬂﬂ"du@rﬁrtfnrﬁrﬁb ifBh Fecond major
fig;gft u%c%errgjeetﬁe%atgwﬁte Iwr?g%ﬁ 't'ﬁéépﬂ} g n&lofH)rthé'ﬁ‘r%tamQ m@ﬁétﬁte.on
seco sin the
sem Cofwl%‘h f otﬂthété (‘?négl%ggk ’?’ejk)sr fi :]11@1?1 ﬁh'n ﬂtebtfrrst
ng a |ng p

the fi tr%'ncrh esnches In he "si | | co
conpri sing a sul furtcﬁont ai ni n en c ar n| n onductor

conponen Mg Ser°8|“ ”§ﬂ§’§ oha thee %ggh Srfeonductor

trench BS rﬁ'?s@%}% ]E%nﬂ sr'Bﬁc

t her e- ﬁr” gt SOEe&?r'FEP ”(9r fgrming i 8R &lehi gneplélﬁﬁﬁ rH?@g
whi ch Pée‘BrrtsﬁégQﬁﬁ?st%o‘F‘ﬁé'Sﬂng sek 3(5'r OyPeRr soMtaining SorphUndsiand a
conpr i BitFREeMEdAEYRgICANaperNE; anke first mask; pl asma

et chi ng secafier plasmacetahing theesecend drensthashedepositiogdinsutative trench
subst r Ecdatien nygatdréalstocwittimbla firshengl ssatmn cetremichng soifn theesdicoond
trenches into the silicon conprising an etching plasna conprising a
sul fur-cont@i ni ng conponerithe amethogenetostaimi 8g whapsinenthe ahquisF; is
after pepsshedttohilnghé Hiestaepmticilst enches, depositing insul ative
trench isolation nmaterial to within the first and second trenches in

the siliconjgand t hend omid kb Pf of helsirrond WREKeiRONMME SBSuid s
Filli ngebﬁgltéﬂrtﬁtO\Féﬁi”ICﬁH%Sle!tttPeﬁé‘ﬁééf' cial material, and renoving
the sacrificial material prior to said depositing. 15. The

met hod of chaim 14 conpri sping oveifd bt bfégmté‘%ofrhﬁﬁrs ntd enches with the

sacrificial smr?yrhalthe liquid to a solid; and

removing the solid prior to the depositing of insulative trench isolation
material to within the first and second trenches.

12. The method of claim 1 comprising plasma etching
the second trenches to be shallower into the silicon than are the first
trenches.



15 16. A nethod of forming trench isolation in silicon of a
sem conductor substrate, conprising: formng a first mask over
silicon of a sem conductor substrate, the first mask conprising first
trenches forned there-through running in a first major direction over
the substrate, the first mask conprisilig a hardnmask | ayer;
pl asma et chi ng first trenches into the silicon of the sem conduct or
substrate usi;ng the first sk asna chi ng
{Fonches aid he o1 con BORGS he? PiiiPenid o e @8%8@!%@ g e
sul fur-(‘?(')"?\'lC e %ﬁ ﬁ% ont ai ni ng, conp
formn a s ERAY mslf Hé(eflst‘ 'inr?cﬁ%Q“C‘?'ﬁ%U%*é’é %ﬁ@ the f'rSt
conpr i APk Serrasingefietdsensh ae dormerethaipdiigaus bmyinming rin 2 dssbmaior
maj or diﬂrreé‘étqrbﬁvex/me sHOsEAIS the rshmask eompristyd fahatdmank layest
maj or di r ecPlagsmat réclvagofidssiminadwmepink et Bididear wfatiie |sgeicartdudier
first msabsirataeusiognihegfiost ntasks dbenplasask efchirg oif thedBradsirennbes into
| i qui dthe silichinn colmepfisingt amr estchiyy plasma ¢drapnsired chi sglfgecontaining
t r enchesmmboeit e rs okiygen-afntahdngero mopondeat oand WBE;r at e usi ng the
second maskfortnhieigplaa s gid hhagkobvehethsedned trepolRBeS thet eebtbAd mask
si || coRoaRpmsing Sdcdid et M rased therath e ﬂjﬁM%Ulrrr S WERINY Rthjor
ConMpongiviectidh 8¥¥9Qﬁe0éljﬁs%l'é‘ﬂengirﬁéﬂﬁ§rtﬁ@ﬁo 8nel B thandrst major éfrb@flon
pl asneye cdd dihd meaeefdmﬁ ﬁg fﬂﬁ§ |99e+ Ut | first Ha%@ nd not
i sol at bpgsmbetrhl é(\a, i rst and second trenches I n
SISO pigs &fg % g n%lh%'sn?njtg HEE ot BP 4 rﬂ,feoﬁductor
17 whe gl 5o gh l-L"‘:"qtg‘d 1S os t % 30% ﬁleﬁmfhe F’ngc ? t:ﬂ] ec?nd
19. Th& gy fés‘ rf%l‘ﬂ X %Om 'Eigtao syltur-
solid: °9R |n|ng component an o gen c talnlng co and x, and

’ after plasma etching the second trenches, deposmng insulative trench

isolation material to within the first and second trenches in the silicon.

14. A methaod of forming trench isolation in silicon of a
semiconductor substrate, comprising:

forming a first mask over silicon of a semiconductor substrate, the first
mask comprising first trenches formed there-through running in a first major
direction over the substrate, the first mask comprising a hardmask layer;

plasma etching first trenches into the silicon of the semiconductor
substrate using the first mask, the plasma etching of the first trenches into
the silicon comprising an etching plasma comprising a sulfur-containing
component, an oxygen-containing component, and NFy;

forming a second mask over the first trenches, the second mask
comprising second trenches formed there-through running in a second major
direction over the substrate which is orthogonal to the first major direction,
the second mask comprising the hardmask layer of the first mask;

plasma etching second trenches into the silicon of the semiconductor
substrate using the second mask, the plasma eiching of the second
trenches into the silicon comprising an etching plasma comprising a sulfur-
containing component, an oxygen-containing component, and NFy;

after plasma etching the second trenches, depositing insulative trench
isolation material to within the first and second trenches in the silicon; and

the forming of the second mask comprises filling the first trenches with
sacrificial material, and removing the sacrificial material prior to said
depositing.

15. The method of claim 14 comprising overfilling the
first trenches with the sacrificial material.



renoving the solid prior to the depositing of insulative trench
isolation material to within the first and second trenches.

20. The nmethod of claim 13 conprising plasma etching the second
trenches to be shallower into the silicon than are the first
trenches. 15

16. A method of forming trench isolation in silicon of a
semiconductor substrate, comprising:

forming a first mask over silicon of a semiconductor substrate, the first
mask comprising first trenches formed there-through running in a first major
direction over the substrate, the first mask comprising a hardmask layer;

plasma etching first trenches into the silicon of the semiconductor
substrate using the first mask, the plasma etching of the first trenches into
the silicon comprising an etching plasma comprising a sulfur-containing
component, an oxygen-containing component, and NFy;

forming a second mask over the first trenches, the second mask
comprising second trenches formed there-through running in a second major
direction over the substrate which is orthogonal to the first major direction,
the second mask comprising the hardmask layer of the first mask, the
forming of the second mask comprising depositing liquid to within the first
trenches;

plasma etching second trenches into the silicon of the semiconductor
substrate using the second mask, the plasma etching of the second
trenches into the silicon comprising an etching plasma comprising a sulfur-
containing component, an oxygen-containing component, and NF,; and

after plasma etching the second trenches, depositing insulative trench
isolation material to within the first and second trenches in the silicon.

17. The method of claim 16 wherein the liquid is deposited to fill the
first trenches.

18. The method of claim 17 wherein the liquid is
deposited to overfill the first trenches.

19. The method of claim 16 comprising:

solidifying the liquid to a solid; and

removing the solid prior to the depositing of insulative trench isolation
material to within the first and second trenches.

20. The method of claim 13 comprising plasma etching
the second trenches to be shallower into the silicon than are the first
trenches.



