DESCRI PTI ON METHODS OF ETCHI NG TRENCHES | NTO SI LI CON OF A SEM CONDUCTOR
SUBSTRATE, METHODS OF FORM NG TRENCH | SOLATION I N SILICON OF A

SEM CONDUCDCR9BIIRHS RATE, AND METHODS FORM NG A PLURAPCTNISONMSDSIDES
TECHNI CAL FI ELD Enbodi nents di scl osed'herein pertain to nmethods of etching
trenches into silicon of a sem conductor substrate, to nethods of form ng
trench isolation in silicon of a sem conductor substrate, and to nethods of
forming a plurality of diodes. BACKGROUND In the fabrication of integrated
circuitry, numerous devices are packed into a snall area of a sem conductor
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BACKGROUND

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. Further, 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 conductivity 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.



Fig. 1 is a diagrammatic isonetric view of a portion of a sem conductor
substrate in process in accordance with an enbodi nent of the invention.

Fig. 2 iswa?e@usmsal view of the Fig, 1 substrate takemcCrlusewglosizine 2- 2
in Fig. 1. Fig. 3 is a view of the Fi%. 2 substrate at a processing
subsequent to that showmn by Fig. 2 . Fig. 4 is a viewof the Fig. 3
substrate at a processing subsequent to that shown by Fig. 3. Fig. 5is a
view of the Fig. 1 substrate at a processing subsequent to that shown by
Fig. 4.BRILF BESCRIBHONOETHE ORAWINGEGSFi g. 5 substrate taken through
line 5-5 in El$ 5. Fig. 7 is a sectional .view.of the Fig. 5 substrate
taken t hr ough'$i hdS7 919gfap|atig 1Sngtrig viigw,0f paRPison A AP gMIEONASEqT at e
at a propassitednsibeesanhcddhiad vaRPwa diYb&dBner of 2 indehfios. Secti onal
view of the Fig. 8 substrate taken through Iine 9-9 in Fig. 8. Fig. 10 is a
sectional vi Big.o? is Rescfitipnal vaenysafr tieeF igaklesulb$tratgfaken ibraiehl finer2Riigp. 8.
Fig. 11.is view of the Fig. 8 substrate at a processi ng subsequent to

t hat Sh](:){/%‘i lgy Fig. 8 Fig. 12 is a sectional view of the Fig. 11 substrate
t aken throughigd.i hes B2viel? ofthEiMg, 2lsubfsitthte b3 d proccaShld dMHequeft®fthihe
Fig. 11 substrate taken through Igi ne 13- 13 in Fig. 11. Fig. 14 is a view
of the Figgvnby KEibst.rate at a processing subsequent to that shown by Fig.
11.

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. 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

t hrough |woeod®73308 in Fig. 14.Fig. 17 is a view of thePErgiS2d4/082hst r at e
at a processi ng subsequent to that shéwn by Fig. 14. Fig. 18 is a sectional
view of the Fig. 17 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 t &ighdf/ shawiebyoFithe Hig. 1H gub@tatiesataavprewesdingheutfsiequedi7 to

substrate at a processi.ng subsequent to that shown by Fig. 20. Fig. 22 is a
section a&$g“y%%yﬁ%@.ﬁgg_ 2 1 substrate taken through line 22- 22 in Fig.

2 1. Fig. 23pig 28S8G s@@bnMiawa0br ke 1159-17%11%5%%%@{1&&1%&@5313 id¥ pgoh
line 23- 23 in Fig. 2 1. Fig. 24 is a viewof the Fig. 21 substrate at a

processilBgnsliigsdquent to that shown by Fig. 2 1. Fig. 25 is a sectional

i f the Kig.,g5 substrate taken.through Li 5: in Fig. . 24 Fig. 26
%8 secti ondiy &b & S iESEOCIRE BBy 07 peffRion b e dgie 345 o
Fig. 241DERAFED7DESCRI PTI ON OF EXAVPLE EMBODI MENTS Enbodi nents of the

invention include nethods of etching trenches into silicon of the
senmi conduct oF1guB8t sat eicanat ahe d'igetiodsbytateortm myocessios swWvkquenintd n

silicon icondyct or substrate. Further, enbodi nents of the
inventig%héﬁggv$§gpﬁ%éq%éthods of formng a plurality of diodes. Referring

initially toFrggsl ik ande®, ofl themigondustipstraebst s ProcessihpHubRbgdent 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 1s 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.



generally with reference nuneral 10. In the context of this docunent, the
term "sem conduct or substrate" or "sem conductive substrate" is defined to
mean any wonstwusioson conpri sing sen conducti ve nateri alPCTiusedos@Barg9 but
not limted to, bulk seniconductive nflterials such as a seniconductive

waf er (either alone or in assenblies conprising other materials thereon),
and sem conductive material |ayers (either alone or in assenblies
conprising other materials). The term"substrate" refers to any supporting
struct uUDETAREHDIDESARIPTOON Of EXIAMPLEWEMBO DDMENTIS/e substrates

descri bed above. Substrate 10.is depicted as co i sin Cbul k .
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seni conduct or-on-insulator and other substrates m ght be used. erial 12
may i nclsedetionharsilaprrdfaihs, sefpicoadanimresudpstmatmi Winrthred/ ombodnaeots of the

di fying d ts. | i ment, bulk sili terial 12 i
prype’ bnETBg Bivoriserlk miRGtLEh Totm e A elptliF o TEofEvel dopi g o
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n-type n- doped region 18, and a P-type p+ doped region 20. Alternate
si | i congeneradiynmith seilissenea avmmral d0solmthe ponisat sdnthésrdlogatmgnt Atheetearas of

maski ng.] ayers is.recei ved above si.licon material 20.. h includes a pad
oxi de | aya Eehdu G RbRSP BY GeRUpbRBIUIT FUbred) ds BTl RpiRERIDG

| ayer 26on&fudiibh c@inh Basinges&naddndctidyenatdialantcladpa ! Banadt phofked esi st

| ayer 30. Any of such layers are optional, and may conprise nultiple

di f f er eRBlkseercenductineg aratpaply such 88 & sepeeandustivge walsgy it alongl er may

or may g(?tas?eq‘ggiigé %&xfﬂr)fsi%gc&tl{ek%ﬂeriah@tﬁ %Bﬁ?,”ar?ﬂ@ﬁ’ﬁg&? &%ti\hea{n%@ﬁlél

| ayer 26 may be any of insdlative, sem conducti’ve, or conducti ve. anpl e

i nsul at lasersateéthical sloher ohandasseknbldyecodfprigiapudthesi miatatiald).oxiltde, tenhet her
doped or,_undoped, as well as silicon nitride., %ﬁanple conductive materials
for har dFRE¥ratey &F1O8 PRI GBPRIS Ish 8UYFIWE bR is Bt pat liadited yonthel

ni tridegéhiGndubithhe Wibshlafed : ddRITREL A BT alg b Gk deso (Y6 Xe ﬁ'@; as
etc.), or any netal in elenental form(Ti, W etc.). PhotoreS|s? O0is
depi ct edomprisang nga bemrlk 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+ region 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, semiconductive, 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



patterned to formtrenches 32 to antireflective coating |ayer 28. Referring
to Fig. 3, photoresist 30 (not shown) and antireflective coating | ayer 28
(not showwd 2h@vig3tmeen used as a mask to etch through hardwaskoosayen9 26,

wi th photoresist [ayer 30 and antirefPMective coating 28 being renoved at

| east in part by such etching and/or subsequently. An exanple ani sotropic
dry etching chem stry for conducting the sanme includes SO2 + Q2 or Q2+HBr,
or @2 + N2 for the photoresist, and for the antireflective coating

gener al (iye.orlaNor Wiy etdf ), usfocaotyonstaF erlia@dasMeS GRS, HBk . )+ dieanyRedegnt i ng
to Fig.. atterned ha | ayer 26 has .be use mask f.or etching
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nitride layer 24 includes one or nore fluorocarbon + SF6 + NF3, while an
exanpl e et chiRedeuhegritstliig. Beorphoterssisig? (hédobxhelenp 2ndhartézfteetivienodaites one
or nore, flu ar pbons r _exanpl e 4 CHF3, CH F2, etc.,Fig, 4 er eby
depi ct s,la}feﬁo%gtc(n8ﬁéﬂ%§¥3§rgﬁaé’ ee‘?ﬁ)@@d}lﬁéﬁf"? % ﬁlé?‘slkotronﬁttci%oﬂlr8’f‘glé_hr?ggwa§f§qBV%rr
silicon2ef Wik pesioeed1gtithpsr SUbshd arRireWicthiveBskatdny CYMEISE RenidvRaches 32
formed there through. Such mask nmay or may not include a hardmask |ayer,
and i n hast daepaEk pheck ghclagcotpdsubdeaiectly.i st exasiple omisotsopig iy st
trenche o]¢ ef e- i C i fd st j or ~di tion,over
subst r ap i1 pe YRRl L AP RS S dak st 807 1 BRl OFt B P .
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Fig. 4 lies. O course, first trenches 32 mght not be entirely straight in
such di FRCrPeRTbeRa. fergerample Gly. 'oHBaxadit-e only, serpentine relative to

each other b .0Sg, . g{qﬁg' r i i '
direction ovg%f?ﬁgﬁéﬁgilga?épgge%ﬁ esc%{%gc{erlgewg??ib%shtl%%éi %Egbqéas%
and 7, foreachésg3Brdwgte lopan 2kheddE thelrebhy \eatdémliaghstneties 1D dyinpltabna
etching int

ot chl a4 IR ST Lon 2 eroe! USL9 Tk B, one e e
conpri shiigideFfay &N22XHIAFAIEOHRI B NHofOMPOMNIarBA 2 SF6 + NF3, while an
example etching chemistry for clearing pad oxide 22 thereafter includes one or
more fluorocarbons, for example CF4, CHF3;, CH,F,, 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 etching comprises forming an etching plasma using
precursor gases comprising SF¢, 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



ni t rogen-cont ai ni ng conpound. The oxygen-contai ni ng conpound and the

ni trogen-contai ni ng conpound m ght conprise different conpounds, and/or

m ght compoizs@/t7Ba@ssane conpound. For_exanpl e in one enpauiuseens/082719

t heoxygen- cont ai ni ng conpound conpri sBs 2, and the nitrogen-containing
conpound conprises N2. An exanpl e oxygen-contai ni ng conpound and

ni trogen-cont ai ni ng conpound enconpassed by the sanme conpound i ncl udes NOx,
where "x" ranges from for exanple, about 1 to 3. Further of course, the
pr ecur soxy grasesntaightg conmposiedt wooropyiges c @, aiamidngtheo npicegksy-cbnraieanpl e
w th one of thg oxygen- cont ai ni g compo nds being void.of nitrogen and
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et chi ngN6be dvherai‘ghtranges iffohutier frample, tabeut iIntoohe enbodi nent, the

precursor gases.n ght conpri consi st essent| al of , ar consist of SF6,
@, and N . %ﬂrlh fo%%lCoﬁqg%’uﬁggrpbeacélégormg@ﬁfs aﬁ%ﬂ%fcoé%%@% HEo ubFY$Za,
for exasgiteitiBg. dompsen&IbEdr Merhmplbe viteCWnsOrofagRs J&¥yBnsbb&hitihe
plasma etching is conducted m ght conprise nore N2 than each of SF6 and 2
wher e sERIRPPRRG: Baldigs vyrid wéeditrpgemnandnpoeiheenef thee erpsdenusentadninigng

the etc hse . r ar S uring at least.a latter
porti on&)o B?ﬁfem%lc;osrﬁgrlgw&iid%ggkﬁt}b &f@ lséf(%%gé,ﬁar%lti%n%neem %%?%n‘ihesuch
outer mmakulayepasss wightoformprisonSBg Nie Gfahed WS A REGHIOG ehesicht Iy
may etch an outernost hardmask | ayer that conprises carbon. The invention
was redicdaPiee tgFaIérteiCBéSQIsg?ﬁsafrEﬂMW@yB theaplpsme eimpe oremse mighégrotd] ess
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exanpl &rekursdPgadds A WhiclABe PIGEMASOChIRS 6% cSHAMEE might comprise
more N, than each of SF¢ and O, where such three gases are used. In one
embodiment, the mask used during the etch comprises an outermost hardmask

layer during at least a latter portion of the plasma etching into the silicon, and in

one embodiment such outer mask layer is void of carbon as the stated plasma

etching chemistry may etch an outermost hardmask layer that comprises carbon.

The invention was reduced to practice using a LAM Kiyo plasma etching

chamber. Regardless and by way of examples only, example pressure during

etching may be from about 1 mTorr to about 50 mTorr, and an example
temperature range for the susceptor upon which the substrate rests is from about

0°C to about 50°C. An example source power range is from about 100W to

about 1,000W, and an example bias voltage is from about -20V to about -
1,000V. Where, for example SF4, O, N3, and HBr are precursor gases, example

flow rates include from about 1 sccm to about 100 sccm for SFg4; from about 10

sccm to about 500 scem for Oj; from 0 scem to about 500 scem for HBr; and

from about 1sccm to about 500 sccm for N;. A specific reduction-to-practice
example in the LAM Kiyo plasma etching chamber included 5 mTorr, 7°C, -

500V voltage bias, 400W source power, 350 sccm SFg, 45 scem O,, 60 scem Ny,

and 20 sccm HBr. The particular plasma etcher used might be capable of

operation such that cither the bias voltage or the bias power can be the set point



flow rates include fromabout 1 seemto about 100 seem for SF6; from about
10 seemto about 500 seemfor 2; fromO seemto about 500 seem for HBr;
and fromwbaow/az®eem t o about 500 seem for N2. A speci PCT/US2008/082719
reduction-to-practice exanple in the {AM Ki yo plasma etchi ng chanber

i ncluded 5 nmlorr, 7C, - 500V voltage bias, 400Wsource power, 350 seem SF6,
45 seem 2, 60 seem N2, and 20 seem HBr. The particul ar plasma etcher used
m ght be capabl e of operation such that either the bias voltage or the bias
power cwhilzetitehetlzetispdiowetitbeflohe onhere émbalimerd Hias Modatige Isnseanmmd

enbodi nent, bias.voltage.is set and bias power j.s allowed to float. In
anot hepg’é’ﬁbB‘aWﬁﬁﬁﬁ ,aliﬁ‘ggd ﬁBV\ﬁPaﬁ'sqge‘im&EBPlﬁmﬁ? metnégglfr%paweéveéoﬁeﬁ&rﬂ oat .
It was gaierdtidiadid MabwetiqhifgatM th SF6 and G2 without any

ni trogencont ai ni ng conpound may result in significant trench sidewal |l

erosi on, irrHgwaar detegnohedi thehvalttsingamdilorSke- shdp@d withooh dgsastrogowever ,
it was discovered that hy adding. a ni.tr.g&en-&ont ﬁi ni n% glo%pound to trfe

pl asma %?I&tﬁi“?félgc%%rﬂpgppg,mg}?ﬁ‘?ﬁ?‘ﬂéﬂn6??1%91 agf frenghe BReWRlnTIe S dikagy lar
resul t egeabl s\dwalll2hh&or tv-sgie Pasash bakENorwWENgG, iNWaBtdigsbHees thet
necessarily require achieving any of such results uniess literally so
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etching trenches into silicon of a sem conductor substrate using a mask

havi ng wRlese Hisraldy g claiered t Aivsthes; andewéiheut mecgpsariky beime hgniseshhyi ses
an etchj > Sk n f yr-.cont.aini .
oxygen. SontRr AR (VBN ARty st aiFiis R I GRABRN Bl b8 breating an

sul f ur - Bidntsgieciexgticanpapent niay fior edfakilorntia gpstesighser sghrsvaAphd SlatgerSF .
I n one enbodi nent, the oxygen of the oxygencontaini ng conponent may be
formed P#%H a precursor gas conprising O, and the nitrogen of the NFx may

be forned frR@garcnegguaﬁereﬁf%dﬁﬁ@pp%@dtw&&@edﬁog%@npéesoisyggs% dedhiger in

one enbodi nent, the oxygen of the oxygencontalnin
trenches into silicon of a semiconductor substrate using a mask having trenches

formed there-through, wherein the plasma etching comprises an etching plasma
comprising a sulfur-containing component, an oxygen-containing component,
and NF,. In one embodiment, the sulfur-containing component is formed from a
precursor gas comprising SFe. In one embodiment, the oxygen of the oxygen-
containing component may be formed from a precursor gas comprising O,, and
the nitrogen of the NFy may be formed from a precursor gas compound which is
void of oxygen. Further in one embodiment, the oxygen of the oxygen-
containing component and the nitrogen of the NFy may be formed from a
precursor gas comprising NO,. Further, example precursor gases include any of
those described above, including any combinations thereof.

Example etch depths for trenches 32 within silicon 12 are from about
7,500 Angstroms to about 20,000 Angstroms, with 9,000 Angstroms being but
one specific example.

Referring to Figs. 8, 9, and 10, masking layers 40 have been formed over
substrate 10 and accordingly over first trenches 32 within silicon of the
substrate. In one embodiment, masking layers 40 comprise multi-layer resist,
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



conponent and the nitrogen of the NFx nmay be fornmed froma precursor gas
conprising NOx. Further, exanple precursor gases include any of those
descri bedwalowmea73ioacl udi ng any conbi nati ons thereof. Exaoplus:@sokerdept hs
for trenches 32 within silicon 12 are®rom about 7,500 Angstrons to about
20, 000 Angstrons, with 9,000 Angstrons being but one specific exanple.
Referring to Figs. 8, 9, and 10, nasking | ayers 40 have been fornmed over
substrate 10 and accordingly over first trenches 32 within silicon of the
subst r atie.thé foomeo£abloquitené¢sin mebicdhnde p@yitr so 40 g el skl nfiitst itrdreohes 32

resist, wi,th three such exanple |ayers ing sequentjially shown as )
conpri si*Rg gefﬁefgiqu;)?éﬁerZ]?aﬁ%éna}séyi‘?yei4ggh% dgvErmagh wnabfethereafisr is | n
one exagplififit@YeAndexidble t 0 TH TN ' ' 0§},

ol ot oy E T PR exmple 1Pl 34TIAHpE Lk SRS NG RROMAR 4D,
first meskm®de kuydrt her Bafreevel sonwpiisingi ed phatoiexagyalbée | mpeariadld siish any

sili con-ﬁg tai ni ng hardmask, with an exanple | ayer 45 thereover conprising
a phot oP 8%551%‘ mat erial such as photoresist. Referring to Figs. 11, 12,

and 13, phot @Jreaead!® Fayer 145 Masah@ers Pahbesifetheadld qaghsegomﬁst!s@é}fshes
50 which run in a second ngjor direction over substrate 10 which is

or t hogoratteried trefenim seceomgd drengihes S0 whichThen éx arssicendevajnd dinaiordprect i on
in Fig. l d,b pendj.cul arly.inta and out. of .t he.pl ane, of the page
upon ant SRR, 1035HRER RSTRHFIKBRME iR e N Brotr o 13 o p kPl B g
11. Fur sbednd nhgof idisdctivn of Fdpr €stwonldse q%%géh@ﬁdll@szwatmuhdo&eof thd he
direction which arrows 12 point in Fia 11. course, second trenches 50

m ght n8ianseobhs pagy Wroaapdheh Figs s Hiase @gddnnidicodirectier twhishaardows gt , by
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of example only, serpentine relative to each other but nevertheless, in one
embodiment, run in a second major direction over the substrate as just
described.

Referring to Figs. 14, 15, and 16, patterned photoimageable material 45
(not shown) has been used as a mask to etch silicon-containing hardmask layer
44, resin 42, and hardmask layer 26 of first mask 35 to extend second trenches
50 through hardmask layef 26 to silicon nitride layer 24, with photoimageable
material 45 being removed during such etching and/or subsequently.

Referring to Figs. 17, 18, and 19, etching has been conducted to extend
trenches 50 through silicon nitride layer 24 and pad oxide layer 22 to silicon
material 12. Accordingly, and in but one embodiment, second trenches 50
extend through hardmask layer 26 of first mask 35 and a second mask 55 is
formed over the first trenches and comprises hardmask layer 26 of the first
mask.

Referring to Fig. 20, second trenches 50 have been extended into silicon
12 by plasma etching thereof using second mask 55. Some of material 42 (not
shown or viewable in Fig. 20) may remain from the processing depicted by Figs.
14, 15, and 16 (not shown), or another material provided, at the bases of first

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



44, resin 42, and hardmask | ayer 26 of first nmask 35 to extend second
trenches 50 through hardmask |ayer 26 to silicon nitride |layer 24, with
phot oi mageakh@/aredoeri al 45 bei ng rem)§ed during such et ebirrug2@sa81m19
subsequently. Referring to Figs. 8, and 19, etching has been conducted
to extend trenches 50 through silicon nitride |ayer 24 and pad oxide | ayer
22 to silicon material 12. Accordingly, and in but one enbodi nent, second
trenches 50 extend through hardmask | ayer 26 of first nask 35 and a second
mask 55embotioment] aherpthnéieBﬂnmgeuﬁhﬁg ardoadnmpransdss hartdnmab& kdien 26
of the first, maflrgF Referrln to Fig. second trenches 50 have en

ext endetP RIS [OFRARE £2 BE? Had ‘E‘d’ﬁl‘% PEREHEBF 83SFHGOTEY HHEE midsk 455,
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process?ﬁgéde§|c%edlg§ Figs. 14, 15, Qé C?ﬁg?gén%gﬁ or anotgrgfny

mat er i atbgpverdededbedtprokesding enighit be rlsttlhzfrdanclﬁershsrz Khnoplashmmtcdnnglt@wabl e
in Fig. .20 o precl.ude portions of such first enches to be et d deeper
wni | e o 1S BE8RY FraRET AR s S e R BUERE R T8 B oBinar GLERTHY of

the secqih tthensiassal &ichidd Qo SforinC O FREPRIIRRCS AN ThY tRO sEliEHM rﬂﬂat@kmrm

usi Ng precursor gases conpri Si ng SF , an oxygen- cont ai ni n(g corrpound and a

ni t r ogehucibat Angi n@g&rdfm@uﬁhe paymef etching fovierte sl issedndrivoeshsis ngightght
e L 88U N Elnih e oL BRI ShBRNNR 0 LARIENG RGN dohrgnches e Lhin

the sil %0 L P rlent” i

formt h@x:ffgérs-fcohfzﬁﬁw%omﬁdﬂd’mtt a8 d SNIFi, C 66 @ﬁhﬁfplalas Eu;rot hegcribudl above.
regardl ess, the plasma etching to formthe second trenches m ght conprise
an et chRegapil agmnéobbpw@i R xagmpleenlyoskammilegepshpohdrenches 50 within

Dy 9e ) SRRGR ARG EOTPANEonbnloFs: SIS (218 %, S8 AR ADOVE,

Regar dl ess an y way of exanple on exa hs "of trenc
si |'i conwii &6 3 , 0D 0aA ag §tromns xing aZS;ﬁQﬁ)ﬁAregahrpjas to about 3,500
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renovedy fif AN PG RHRI Bbs tHd BSbstidie. AigsaPY, 33, aRY MMyl a§XF Rl Enple
only, depict all of such materials having been removed and, regardless, the
plasma etching of the second trenches resulting in the formation of spaced
silicon-comprising mesas 65.

Embodiments of the invention include methods of forming trench
isolation within silicon of a semiconductor substrate, and may or may not
comprise formation of spaced silicon-comprising mesas. For example and by
way of example only, the above-described processing after Figs. 5-7, or
otherwise, might include depositing insulative trench isolation 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,



only, depict all of such materials having been renoved and, regardl ess, the
pl asma etching of the second trenches resulting in the formation of spaced
si | i con- cwopoégi7agsnesas 65. Enbodi nents of the inventi enTiuseéosde27net hods
of formng trench isolation within si "Pcon of a seniconductor substrate,
and may or may not conprise formation of spaced silicon-conprising nesas.
For exanple and by way of exanple only, the above-descri bed processing
after Figs. 5-7, or otherwi se, mght include depositing insulative trench

i sol ati end rmtpecidic examipldiiconductivé rséhchies maitéhialub 8 nachskar cdbyalf gilicidg. t he

above e | e second trenches. Further .apd regardl ess of form S
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conj uncmaderiad tG6 ftor avedild pdheetrcsichesoptomiiationy thesas, aRdr pektanphe &nd by
way of exanple only, Figs. 24, 25 and 26 depi ct, subsequen .0Cessin
wher oby SRS e Sulenaiior he Rt aBolaTauBaan te Fooia ieat sRUSRRIEuLET
spaced gid LLPHsPEMIdonl MAtdPSASt Gre @Bsa@ conductive suicide |ayer 68 has
been fornmed over nesas 65. Exanple insulative materials 66 include one or a

conbi nati on degardiesanF st 14de6 alepict faromtiati eXidéivaddalaexgaple dodesatpl e
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m ght behd aldiviat£ddiduesweymtisexamplydopilicodyYoBepRshd irepidH (1t &kiadn 66
to overfill the trenches, planarization thereof, and_patterning to expose
the sil PBbnaB8nphiBithpe nHsi&eN-SUPPUGEE B9eidie (5abserfiiens kal il8)-daln omof
the exp 1.l eo arial yof: th . Regar.dl e L Qs . epi ct
format | ShoorimehEu TR ket obeel SR TAREEL Aol el (3

si | i conregiopr 28) agdnesastabTegion one., arpich 68Nt , Biyharaynolf ek dnglle dimgeshe
conprise. a p-type silicon-conprising region (i.e., region 20), and an
n-type $i99<CoMmigdhpts SRE e iraara(tﬁlm@bffe r%@m%\rfél\iea,Rami)O.mth%%é Memory

(PCRAM) applications.



enbodi nent, individual diodes conprise a silicon-conprising region (i.e.,
region 20) and a netal region (i.e., region 68). By way of exanple only,

t he di odeworrngit73dme used i n Programmabhl e Conducti ve Ranaomuscasss27ienory
(PCRAM applications. CLAIMS 1. A neth d of etching trenches into silicon of
a sem conductor substrate, conprising: formng a mask over silicon of a

sem conduct or substrate, the nmask conprising trenches forned there-through;
and plasma etching trenches into the silicon of the sem conductor substrate
using toL.ABSKS the plasma etching conprising form ng an etching plasm
usi ng precursor gases conprising SF6, an oxygen-containing conpound, and a
ni trogen-contai ni ng conpound. 2. The nethod of claim1l wherein the
Oxygen‘contaﬂn'ngAPQHEﬁHﬂﬂ(ﬁﬂéuﬂhﬁgnh%%EHEQ‘HRGtéﬂﬂbﬂgo?OHPQ&B@xﬁRHRﬁbFG_

di fferent conpounds. 3. The nmethod of claim 1l wherein the oxygen-containing
conpounsiulagtdateheomiprisaggn- cont ai ni ng conpound conpri se the sane conpound. 4

. The nethod_.of claim3 erein the sa conpound, c ri ses 5. The

et hod of | ol AR et IR (HET P EORSOT BastR yras SHBFtTale: Hifo Mithod
of cl ai gydhpMighLitiedcdhes TBk 8 AAPFd-88SudR; aytier nost hardmask |ayer during at
| east a latter portion of the plasma etcﬁing into the silicon, said

out er nost haptammek dteljiag benphes ontd dhe calipom. of7the Thmipendudoonfsubstiata 1
mhereinughe %}r%%gnﬁ%pnﬂ{i%{Q%h&gn%%unq,&%ngh%sqg Q?.4@h.The nmet hod. of

cl ai m 790G B MARE HFeRISELT S LS ORI, T8 igeining aneiching plasmyg Using 1\ 4
wher ei NpfdrPSECisRr @ASHSsHEMEBTF € ahWo xgegefomatiak Nicdgh sOURDURGS, LOne
of the oxygen con?qunds bei ng void of nitrogen, another of the
oxygen-@ﬁﬁ@&ﬂhﬁﬁgfﬁ@ﬁﬁbﬁﬁ@@qééﬁprising t he nitrogencontai ni ng conmpound.

2. The method of claim 1 wherein the oxygen-containing compound

and the nitrogen-containing compound comprise different compounds.

3. The method of claim 1 wherein the oxygen-containing compound

and the nitrogen-containing compound comprise the same compound.

4. The method of claim 3 wherein the same compound comprises NO,.
5. The method of claim 1 wherein the precursor gases comprise HBr.
6. The method of claim 1 wherein the mask comprises an outermost

hardmask layer during at least a latter portion of the plasma etching into the

silicon, said outermost hardmask layer being void of carbon.

7. The method of claim 1 wherein the nitrogen-comprising compound -

comprises Nj.
8. The method of claim 7 wherein the precursor gases comprise HBr.

9. The method of claim 1 wherein the precursor gases comprise two
oxygen-containing compounds, one of the oxygen compounds being void of
nitrogen, another of the oxygen-containing compounds comprising the nitrogen-

containing compound.

10. The method of claim 9 wherein the one comprises O, and the

another comprise NOy.



10. The method of claim9 wherein the one conprises 2 and the anot her
conprise NOx.11. A nethod of etching trenches into silicon of a

sem conduwwOaposIb®Br at e, conprising: form ng a nask ovePCTiusz@snszyio a

sem conductor substrate, the mask conﬁgi sing trenches fornmed there-through;
and plasma etching trenches into the silicon of the sem conductor substrate
using the mask, the plasma etching conprising an etching plasnma conprising
a sul fur-containing conponent, an oxygen-containing conponent, and NFx. 12.
The met hod ofl1cl admmidthode ofukfaingf triehehsul intio - cibicbai pifng sanmpanehictdrs
formed fro precursor gas conprising SF6. 13. The nethod of claim 11

wher ei nsng}%ﬁyﬁ%lﬁpé’f“?%e oxygencont ai ni ng conponent is formed from a

Precursor  gasoGeimRY iaSnigk kOB veans 118 Birt § 0g8R;i BhdLBENEYbGafe0 R nf{gm a
precursor gas conpound which is void of oxygen. 14. The nmethod of claim 11
n

wher ei ncemerisxyg treneghes Hermgy geersothrabghngndonponent and the nitrogen of
the NFx are fprmed fr.om a precursor gas conprisi NOx. 15 A met hod of
formng trenB S%aoleé?}flgﬁ }rﬁngﬁf 3 é%tﬁ’ gl}e zﬁﬁécg% é’?nﬁ%c?%lpl%wcﬁglf 8! bflatd
conpri sigigg fher sy, Olldff@ifé%r@a/%ltc}ﬁhlglé‘&ﬂﬁﬁfsi 8RNGtERIMBUS TR S UBBlr Alifg af he
mask conprising trenches formed there-through; plasma etching trenches into

the silswldnr-epntapingepe@praget o exyRIn-gpataisingcemponank,andh¥Fpl asma
etching conprising form ng an etching plasnma using precursor gases

conprising SF§, a : Siiti i tiye e I ti.on
material to \i/:\?'t hiorrlhtehglq%ﬂ}%rqc?\dgg.cq%gg "'Equf%t E?@Jgf bgl g%erm %?uv\%éér}}é%ﬁm?‘ﬁe
pr ecur sosm@asest sofgpmiakinddt a gdrécurkioe gmtdvanpafing $FF¢gn 15 wherein the

precursor gases conprises nore N2 than each of SF6 and Q2.
13.  The method of claim 11 wherein the oxygen of the oxygen-
containing component is formed from a precursor gas comprising O,, and the
nitrogen of the NFy is formed from a precursor gas compound which is void of

oxygen.

14.  The method of claim 11 wherein the oxygen of the oxygen-
containing component and the nitrogen of the NFy are formed from a precursor

gas comprising NOx.

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

forming a mask over silicon of a semiconductor substrate, the mask
comprising trenches formed there-through;

plasma etching trenches into the silicon of the semiconductor substrate
using the mask, the plasma etching comprising forming an etching plasma using
precursor gases comprising SFg, O,, and N,; and

depositing insulative trench isolation material to within the trenches.
16. The method of claim 15 wherein the precursor gases comprise HBr.

17. The method of claim 15 wherein the precursor gases comprises

more N, than each of SFg and O,.

18.  The method of claim 15 wherein the forming of the etching plasma

is from using precursor gases consisting essentially of SF¢, O,, and N,.



18. The method of claim 15 wherein the formng of the etching plasma is
fromusi ng precursor gases consisting essentially of SF6, 2, and N2.19. A
nmet hod ofwbanewargsoBr ench isolation in silicon of a sem eamdisetosnszubst r at e,
conprising: formng a first mask over13i1icon of a sem conductor substrat e,
the first mask conprising first trenches formed there-through running in a
first major direction over the substrate, the first mask conprising a

har dnmask | ayer; plasnma etching first trenches into the silicon of the

sem conduct ot 9 subat matleo diif fgrinkeg firarech wasdtjion e spliasimaf et cdmivgndiuctdre
first trenches into the silicon conprising form ng an etching plasnma using
pr ecur sHOSFLBsCRUBRAISEIRE ng SF6, an oxygen- cont ai ni ng conpound, and a

ni trogen- confinfindda GHWAHAN fRENiNBoR TeE YRt iEBAKUONS s RErakd e first
trenches, the second nmask conprising second trenches formed there-through

r unni ngmiank acBposthgrdjet tdénadeti fornmde thedeethsabgh ramaingiiohai Srsormbhpgonal

to the first major direction, .fthe. second nask .conpri sSi t he hardmask | ayer

of the firpeioRauer the sSRalrale ihngrSEEtG TERINGE 5 HABTTAY Ticon of ¢ he

sem conduct Oﬁla%ﬁfhs'[ét@hﬁaglsﬁm @ ches offlo MRk, silRBnP IS MRe e§dihiddmdatidhe

second trenches into the silicon conﬁl;l sing formng an etching plasma using
b

pr ecur sstbsgede siscogphe siirey BEek, e genctadnngiafi tiostpoendhesaioathe

ni t rogens.cant ai ni ng. coppound; _an a.fter1 | asma et chi ng the second t.r.enches,
deposi t Phg el BUF L (PRI PL ST agP iR sr Pl e g SRRSO RS g
second $Fgnhesybénch@tSinih€edmpindlhadnehhesk&i-c6haiifinkdcyhipbaha; t he
second mask is fornmed fromnultilayer resist received over the hardmask

| ayer of thefdntigg rdaskecond Atk nBvpbdthst farsdi fenghepertdicn serendaminksk

e o SR R R Py AT MR
22 wher girsctibe oendbetsubstdaae ntask ik ayeiogdnal 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 etching of the second trenches into
the silicon comprising forming an etching plasma using precursor gases
comprising SFs, an oxygen-containing compound, and a nitrogen-containing
compound; and after plasma etching the second trenches, depositing
insulative trench isolation material to within the first and second trenches in the

silicon.

20. The method of claim 19 wherein the second mask is formed from

multilayer resist received over the hardmask layer of the first mask.

21. The method of claim 19 wherein the hardmask layer of the first

mask is insulative.

22. The method of claim 19 wherein the hardmask layer of the first

mask is conductive.

23.  The method of claim 22 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.



the first mask conprises at |east one of a refractory netal nitride, a
refractory nmetal suicide, or a netal in elenental-form24. A nethod of
form ng awploe%l7s308 of di odes, conprising: form ng a fi PST/USRENK/0827RY
silicon of a semconductor substrate, 1#he first mask conprising first
trenches fornmed there-through running in a first major direction over the
substrate, the first mask conprising a hardnmask | ayer; plasm etching first
trenches into the silicon of the sem conductor substrate using the first
mask, the pl2adm atmbkilngd of foheidd agilutalaychiediodes océherisihg:con conpri sing
form ng an efchin | asma usj ng precursor_gases, conprising SF6, an
oxygen-contaﬁHWH@%cgﬂgﬁﬁﬁﬂ?s%ﬁgeéEHIFPBQ§h@dﬁHP&PHﬂH@“% bidde, ther firklg a
second / f ropt h c ri si e
trenche§B§§rﬁ%ﬁb{%gﬁ%}PﬁfJﬂ%ﬁﬁgﬁnﬁ?ﬁga?ﬁhiﬁggggﬁgﬁégfggﬂgHbegpﬁgﬁ %@ r the
subst r adeewhoulvvies the shbgoatd, the firkenfaskstompiiemgda hecdimask laywr; second nmask

conprising the hard k |ayer of the first sk,. the second trenches

ext endi ng thpgﬁa_ﬁ‘ tﬁgﬁm’% ith k?rlegﬁgfes ofntf’hég‘fai ?lg'tcoﬁaﬂ%; the a§erfﬁ1°é)t"gfr‘1'icﬂtf
second §wneeSusing AhtNErsti hhaoNHAf Id&ﬁlasemmg%i&r fissPEERBREs HgloNghet he
second mask, the plasma etching of ?he second Trenches into the silicon

conpr i stihgonoeampyisire éouhinganleisivg cupiasg apnsiogr BEC TR esa o6 g Siisig gSF6,

an oxyggp- contai ning conpound, and ni t.r ogen- cont ai ni.ng conpound,, the

ol asma &1 erithg SReTThe "RungRE Co PG Andb MRS e PrGithg RoREOUBed

si | i con- conpfdrsiing MESascondntnpEOVbdeNItHeN dfiMt dyadnclie9demeOnsek BAH Vinghidl  of
the mesas and depositing insulative material to be received about the
spaced SYMPESHIE GepPndi Hgnekesadormed thesetbrdnah srnring im 221 sghendi majdre

ESIHId: ng&%éﬁg??%ﬁéqgiggs:dgﬁﬁa@e Bili[iXHEiss&rltlix&é)(ﬂiaciotrorptﬁliesfiirnsq &gﬂ)iroélirgaciior%nth%_ type
second mask comprising the hardmask layer of the first mask, the second
trenches extending through the hardmask layer of the first mask;

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 forming an etching plasma using precursor gases
comprising SFg¢, an oxygen-containing compound, and a nitrogen-containing
compound, the plasma etching of the second trenches into the silicon forming
spaced silicon-comprising mesas; and

providing individual diodes on individual of the mesas and depositing

insulative material to be received about the spaced silicon-comprising mesas.

25.  The method of claim 24 wherein the individual diodes comprise a

p-type silicon-comprising region and an n-type silicon-comprising region.



