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OXYNI TRI DE SHALLOW TRENCH | SOLATI ON AND METHOD OF FORMATI ON 14 NOV 2{){)3 V 2005
; ' ar ' n generally relates to sem conduc p
devices and, nore particularly, to sem conductor device shallow trench -
I solation (STI) structurges and net I ngnwsich 5 structures using
oxynitride 9 w@qélgench i1 mat eﬂﬂ@m‘m@!ﬂ“@w \bi t STl etcihcrossiiensd duri ng
fabrication. B3¢ ground and Rel ate e critical dinension (CD) of
the polysilicon gate of field effect t7%M8i stors (FETs) is nmde smaller in
order to increase the performance of the FET, greater control of the gate
CDis 10 required. The variation in the gate CDs across the entire chip,
crown as acr QX¥NITRIDE HALLOWTRENCHISGRATIRH %D YETHOROE FORMATIOR.Ct or i n
the overall circuit speed. The typical nethod for patterning the
polysilicon gate in ultra large scale integrated (ULSI) circuits is to use
photolithography with small wavel ength |ight (248nmor smaller). 'In order
t o contr ol TédmicpltFadld!l i t hogr aphy process, an anti-reflective coating is

typically spun gnto the 15. bl ank 0 ilicon,fil f e esi st
i s 'spun on. ThelRArERAMAREID glcﬁeéﬁg'rfglf‘é-eygofﬁe'é‘éct%f]%ué:lor (E:%‘g%f %‘é}cﬁ i“}sopeo%a?'ik‘k(r%]a?g’d such
that a m niJedmicaMEHr doficd shalthw kdcti Bblagat GADfstrocurthandandisids af forming ewch | f
the anti-reflective coating thickne varj es .acr.o he chip, .then the
anount &f BlEICIUseStUSHE PXYHFIdE 35 the “V‘é'{'i‘?),ﬁ %Fﬁf@ﬁ°ﬂ‘§!‘tﬂ§‘§‘°f“ﬁ‘ ST control of
t he phot ol 'kaf?pigg{gphy process. This lack of control results in a |arger
ACLV and re uceg circuit performance. 20 One of the key contributors to
anti - r ef | eBackgeoundand Rejatedtkness vari ati on across the chip is the height
of the shallow trench isolation (STI) nmaterial relative to the silicon
active area where the devices are |ocated. After the gat e-level nask and
phot ol i t hogr aphys theofiticabdierensigt (C) pEdie aplgsitites gowslof Seldietien transetrrpiddess i s
optim zed, S eIordeltd iRk 0 nbipbiorRfin@ st oRIFET Breadk ALBR:EY i he GARCD RUL OT S
10 required. The variation in the gate CDs across the entire chip, known as

across-chip-linewidth-variation (ACLV), is a determining factor in the overall circuit speed.
The typical method for patterning the polysiticon gate in ultra large scale integrated
(ULSD circuits is to use photolithography with small wavelength light (248nm or smaller). In
order to control the photolithography process, an anti-reflective coating is typically spun onto the
15  blanket polysilicon film before the photoresist is spun on. The thickness of the anti-reflective
coating is optimized such that a minimum amount of light is reflected from the substrate wafer.
If the anti-reflective coating thickness varies across the chip, then the amount of reflected light

will vary, which results in a lack of control of the photolithography process. This lack of control

results in a larger ACLV and reduced circuit performance.
20 One of the key contributors to anti-reflective coating thickness variation across the chip

is the height of the shallow trench isolation (STI) material relative to the silicon active area

where the devices are located. After the gate-level mask and photolithography tools are
optimized and the polysilicon etch process is optimized, STI height variation will be one of the

remaining contributors to increased ACLV.

25 In typical semiconductor device manufacturing processes, the STI region is composed of

v a pure oxide material, such as high density plasma (HDP) oxide or plasma tetraethyl

orthosilicate (TEOS). Since the STI trench formation and STI fill processes are performed at the

beginning of the chip manufacturing process, the STI oxide encounters many subsequent wet
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25 In typical sem conductor device manufacturing processes, the STl region

I s conposed of a pure oxide material, such as high density plasm (]l#l[}l}()vzn%
oxide or plasma tetraethyl orthosilicate ( TECB S roe—themsrieiiench

formati on and STI fill procegses are perforned at the beginning of the
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(e.g. with dilute HF or buffered HF) as well as dry etchi ngPET/Bp®R/1604 7.
reactive ion etching (RIE)). Thus, as a normal part of the fabrication
process leading to the final device, the STI oxide will be etched away.
This | eads t e in the height of the STI oxide conpared to the
silicon actié\gcetpparg%gﬁ&sé S §3-8- With clifute HH asibuffered Hmasqmrhggﬁj@h; he silicon
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the |ifeJSof Progeeds tttrbughAhesahip HARERIAY pRkest NE. appl i cation techn qué®iSed 10
to adm ni ster th§ HF, there may al so BE Wt hi n-waf er variations of the

etching rate. SiTHTHPEr are mangeichsteps betwdes STE fophaih kyd ’fﬁﬁﬁ%ﬁ one. wafer at a
-1 0

: . d ion, and
time, have wehletckingwip a5'iQ varijations and wafe S niogon,
variations. On ,wagﬁtg red%gsg t egrvaeréaggﬁt’% thste is pliengiTipckr af gbmirol beer HeERloyind O
elimnate a% eﬁ‘gﬂ‘ﬂﬂt P Thastrallimgdergoash Is wenhermealMags i) &agefev‘iﬁeﬂgSﬂ formation
and deposi tjsqmwfgrch%%péqcl%iﬂtignst 'Bon of 15 the sacfifcHaICoMgMERen on
and oxi de S[]toraiep.Step}? Used e g Pat nA\Sheleprndingef teeppliutidnasnpONdedes
sone si fipl i ‘Piee@tniger theHdbahess mayt d1§osbeamRt; Q& .onl y be taken so far, as
sone of theg® (S41ERMic r{ggjcﬁe necessary to g?gg@?fgtl@ﬁg}l%}?ﬁg INgFate LYimilanh
achi eve necessary Vi 2y tgpiealy progess Oy 2letat pitheclnve STI-kBOOSAPs wifel Parl ggl#ce
t he anount of wafpeswafer vmiaghie cal etchants in each of the requi red etch
steps. Likew Se,?t{‘hi S gﬁproach I's problematic, since the etchant steps are

of ten made 20 i nt&ReY ﬁi"fcﬁ‘heéﬁ@ion@fﬂemfegtoaﬁstdirﬁpl!y@é&ﬁminité’gg‘jqés’na'r\\feé ¢ o

i nconsi st ety et depstalpeKBRISGReNE e hydrogen-term nat
subseqygnt or ocefssags. .bq her ef.?or%ﬂgfoﬁ%&é’" 6%%%P (8- F8r exemplecelppsinmioeof t he
STI matérial® P 8rdatipnianhpxile sudiTsteps used to condition the active area surface provides

some simplification. However, this approach can only be taken so far, as some of these steps
may be necessary to create the final circuit and achieve necessary yield. Another way to reduce

STI erosion is to reduce the amount of exposure to chemical etchants in each of the required etch

steps. Likewise this approach is problematic, since the etchant steps are often made

5 . . . .
0 intentionally long to remove particulates, remedy inconsistent oxide thicknesses or create

hydrogen-terminated surfaces for subsequent processes,

Other efforts have been made to form caps over the STI material in order to inhibit STI

erosion during subsequent etching steps used to form the active areas. For example, U.S. Patent
, U.S.

6,146,970 to Witek, et al. describes the use of a silicon nitride or nitrogen-rich silicon oxynitride
25 layer for capping an oxide STI material such as TEOS.

However, the Witek, et al. bilayer
approach adds signifi

cant cost and process complexity to the formation of STI. For example

Witek, et al. use two separate liner processes, two separate deposition processes and two
separate CMP processes.

In this regard, acceptable solutions to the erosion of STI must be simple and

30  cost-effective. In addition to exhibiting simplicity and low cost, acceptable solutions should
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erosi on during subsequent etching steps used to formthe active areas. For
exanple, U S Patent 6 146,970 to Wtek, et al. describes the use ofapy 20
silicon nitride or nitrogen-rich silicon oxynitride 25 |layer for capping
an oxide STl material such as TECS. However, the Wtek, et al. bilayer
approach adds significantggost and process conplexid to the formation of
STI. For exanphegyoosdgtek, et al. use two separate |iner: prm?&‘) 4 wo
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have suffi chayasufficibatsobustgess sucbithat hast unnecesssryito neseais athyr procesovisialsled simpliyher
process varjabl e i npl to control STl .height. At_the sange tine, such

sol ytions s??“tbqﬁgi Lﬁg)éﬂ%/'ymr‘gf S*\&R%‘H‘?%“EQF@PWS must RIeferably dit wighinexisting, oi d

af fecting pproebsses s(yj,sqbgvo?d\me@g@gtpm({g'c@ﬁaggw&spf I nvention 5 Accordingly, it
is an object of the present invention to provide inproved sem conduct or
device structures and nethods for meking sane. It is a further object of

t he presentpiue é h@lprovide i nproved STI for sem conductor devices,
such as, FE?is%‘&ﬂpélfgmfe 0a further object of the present invention to

provi de inproved STl structures for 10 USLI sem conductor devices and

met hods § or nmaki uc tructure It is.still yet further object of the
pr esent §|nventi c{'pncg?r '"5{1}b§|‘5(5’8 oét‘ﬁmi° (5’{/"@%11% gy F"t'oé‘ttgﬁr(?f’ ﬁ? En%fﬂﬁﬁaseg’i"#?ﬁg‘i?mr
process f ordeviebstngairésngd srtheds fohmaktingdéamect ure and process provide inproved
fabrication contilr.ol and, .thus, inproved device performance. It s another
obj ect of the prtSafrthergpiset oidhe Rr}gsebtr‘B‘(ﬁ“H%n opprvérampisyed St forsermcondusing 15
met hods of dmlebd)ouchal®Eye. as to control STI erosion and the height of the
STI material relative to the sem conductor active area. In accordance with
the present i nvéhif y&m furthspotiert ofibe pretent invratige o previde iowsoved STkstmstusafiuct or
devi cesig S GOIIBAicBAYAE hktEs SHakidds fr ; ng_@&m&ﬂaéeef oxynitride. The

oxynitride may be used for both the tren iner and trench fill material.

| nt roduci ng nit rl(jg gtil! yet a further object of the present invention to provide an improved STI

structure and a simple process for fabricating same, which structure and process provide
improved fabrication control and, thus, improved device performance.

It is another object of the present invention to provide improved STI structures and

15 methods of making same so as to control STI erosion and the height of the STI material relative
to the semiconductor active area.

In accordance with the present invention, the STI between the active areas of
semiconductor devices is formed of various structural arrangements of oxynitride. The
oxynitride may be used for both the trench liner and trench fill material. Introducing nitrogen

20  into both the oxide liner and plasma oxide fill material permits convenient utilization of existing
processes. The oxynitride STI is formed in a manner to minimize stress to the surrounding
- silicon, and yet acts to provide an STI structure that resists etch attack and erosion during the
required fabrication steps subsequent to the STI deposition.

Since the use of oxynitrides for STI results in minimal trench fill erosion, such use

) 25  allows close control of STI height relative to the silicon active area across the wafer, and from
wafer-to-wafer. Initially, a trench oxide liner may be nitrided by annealing, for example, in a
nitrogen ambient to form an oxynitride liner. Then, the oxynitride STI fill material may be

deposited directly into the trench during formation of the trench plug by the addition of nitrogen




20 into both the oxide liner and plasma oxide fill material perm’ts
onveni-ent utilization of existing processes. The oxynitride STI s‘{ﬁénﬁﬂ
E nner to mnimze stress to the surrounding silicon, and yet V{0
rovide an STl structure that resists etch attack and erosion during the
required fabrication steps Sbsequent to the STI depaogiti on. Since the use
of oxynitri dEWOB%Wﬁ results in mniml trench fill erosp@fusaHiédls Use 25
al l ows close control of STI height relative to the S|I|con actlve area
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may be nitrided by annealing, for exanple, in a nitrogen anbient to form
an oxynitride liner. Then, the oxynitride STI fill material may be
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into the STI” % Aaet el ch? TS BraSCe ey iR ?‘no‘fe?“g%rﬂceé% i |on
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it to the overall process. Varying the nitrogen concentration so that the
hi ghest con®@EWmizas Fadhplag sresian %Wsﬁm tg Wesw%ze&sxlwommerﬁhwnvma regioas both |
pl ug erosion andrh%;erfs&g oihardhe? Eamgatmgs ! ap%& u@&%@b& iBf Wil g ar ea
regions. 5 These foreg0i ng an ects, feat |§r es an (9vanf ages of

t he i nvent i appaght fronpthe fdppmgemrc PNDmluMeSCfipﬂidnmﬁnamgefﬂmdemﬂmduneowfahe
descriptio L8 nt. o tiQ as illustrated in
t he accorrpaﬁ]g%m]%nfi11 U‘%qunw 890“("%["(' érawﬂ‘"gsr Whgremgékr?ﬁgq;? CeRYPRELent 1 ke
parts of thxepnesnnehlltqnansothamf/edﬂescrl ption of the Draw ngs 10 F| gure 1 - 4
illustrate, in cross-sectional diagrans, the STI fabrication steps and

resulting problemof trench fill erosion, as known in the prior art.
Fi gures 5 -Bfefilesdimtib@bfhe DRAwiip@Ss- secti onal diagrans, the fabrication
steps and resulting structure to overcone trench fill erosion, in

accordance with the present invention. 15 Best Mdyde for Carrying Qut the
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structure 1, as known in the prior art. In Figure 1, sem uct or

substrate dproblemiof engh dlgrosigasasknawa in thy prigrded. A pad  oxi de or thermal ;
oxi de layer 5 i QL2 QY. " alg elayer7 :
is typically dep(l)ésu?tsed on St?%le 'ogﬁ{sigetc it nd'gg}“gé Ql‘f(e%br%akb unc i o[rllngas a

hard mask. shweture tp heermmertreddl filpéro$iary, e aqcsrdwvemthdhwpredanq)hmoorem st 9.
Conventi onal photolithographic processing is then used to

15  Best Mode for Carrying Out the Inventjon

Figure I illustrates a conventional semiconductor trench structure 1, as known in the
prior art. In Figure 1, a semiconductor substrate or semiconductor wafer 3 is provided. A pad
oxide or thermal oxide layer 5 is formed over substrate 3. A thicker silicon nitride layer 7 is

typically deposited on top of the thin oxide layer 5 to function as a hard mask. Then, the nitride

20  layer is covered with photoresist 9. Conventional photolithographic processing is then used to
etch an opening 11 through the silicon nitride layer 7 and the oxide layer 5 to expose a top
surface portion of substrate 3. This opening in the dielectric layers 5 and 7 is then extended into
the substrate by one or more RIE silicon etch steps to form STI region 11, as shown in Figure 1.
After formation of STI region 11, photoresist 9 is removed and a thermal oxidation process is

25  utilized to form a thin oxide liner layer 13 on both the sidewalls and bottom surface of STI

region 11, as shown in Figure 1.



etch an opening 11 through the silicon nitride |ayer 7 and the oxide |ayer
5:;to_expose a top surface portion of substrate ;3. This opening in the Ny 2005
dielectric lTayers an I's then extended into' the substrate by one or
nore RIE silicon etch steps to form STl region 11, as shown in Figure 1.
After formation of STl régygon 11, photoresist 9 issenoved and a thernal

oxi dati on Pr%&ﬁﬁ%%ﬁs 25 utilized to forma thin oxi de [ i anCTJ/lﬁsXﬁfo 3 on
ewa

both the sid s and bottom surface of STl region as shown 1 n Figure
1. 4 14 NOV 2005 WO 02/095818 PCT/ US02/ 16004 Fi gure 2 |IIustrates
conventional STI fill and polishing processes. The silicon dioxide STI

fill material 15 is next conformally deposited over the substrate, filling

trench 11. The Fguios2 illastmtes sortvamionah§I1 Gl lahd/ pglishing heodessesi e siliconalioxideue,
such as chegm - ch i cal | i shi . to.renoye. the exce STI fil
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pl ug 15a rai sed 15 above the surface of oxide |layer 5 to a |evel

cor r espondi 45" the sphspruentgnanyfaeluring proggssing staps. the fynaterigbwilkhe, empveree @lapyr an
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resulting in a densified however, one at any point
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Many 20 processing ste enoval
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of the resulting in a densified plug 15a. ThlS, however, may be done at any point after deposition of
the STI material or nitride removal.
Figure 4 illustrates the STI area at the time of deposition of polysilicon layer 21. Many
20  processing steps occur between removal of nitride layer 7 and deposition of polysilicon layer 21
used for the FET gate. Since some of these processing steps involve dry and/or wet etching, the
height of the STI oxide plug material is now at a level indicated by line 23. Since some of the
processing steps involve thermal oxidations and/or SI0, depositions, the oxide layer 5 on top of
substrate 3 is now a different oxide layer 25. Ideally, STI plug level 23 is planar with the surface
25  of oxide layer 25 at the time polysilicon layer 21 is deposited. However, in practice this is quite
difficult to achieve. |
It should be understood that elements illustrated in the drawings are not necessarily
drawn to scale but are merely provided to facilitate an understanding of the description. For

example, the dimensions of some of the elements may be exaggerated relative to other elements.

30 A detailed description of the features and advantages of the present invention will now
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'? ide la fivdl LicOf which material has a trench 11 formed therein. The
nIroE:Iess of )é%f)]}arﬁung tgin oxynitride STI structure, in accordance wth the
Br esent i nvent i &ecordimgly, Fagiers showvha mbtstgdtd?, B%cﬁch%vit%%zla& 6%?19 %Kéd})@nag,gv sflli'gcpner :
[ ' LE ' ' 1 n Fi gures -
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t Pgnlzlhqirl Et%nchglﬁ'?gBgérg‘hiépwwenﬁﬁ?wqu lipert 136 Fignes pekyand how ovidéhgpeasi ti on,
there i s asoxynitride liner 27 in Figure 5 - 8. This is done before any STI fill material is deposited in the

trench. One advantage of nitriding the liner at this point in the process is that should the upper
corners of trench 11 be exposed after STI formation but before polysilicon deposition, there is
provided added protection of the corners from chemical etch attach. This will result in a smaller
20 “divot” at the semiconductor-STI interface due to chemical etching.
Since the oxide liner has a typical thickness of 30A - 5004, one effective way of forming

oxynitride liner 27 is by annealing the oxide liner in an N-containing ambient, Thus, trench 11

with its initial oxide liner, as shown in Figure 5, may be exposed to any one of N,0, NO, NH, or
N,H,, for example, at typical temperatures of between 500°C and 1 100°C and pressures of -
25  between Imtorr and 10 atm. The choice of gas controls the amount of nitrogen incorporated into
the liner, as well as the location of the nitrogen. For example, N,0, NO and NH, will diffuse
through the oxide layer and incorporate nitrogen at the silicon-SiO, interface, while NH, and )
N,H, can also incorporate nitrogen at the SiO,-atmosphere interface. In this regard N,O can
only incorporate <1% nitrogen concentration ([N]) into the oxide, while NO, NH, and NH, can
30  incorporate anywhere between 1% and 20% [N), depending upon the anneal temperature,
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entire surPid & SHEfpeesincghe Araiied BregSPeRigs tend e Bags deforacomplaen 1% and
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during plasma processing, tr{e ?:hanber prgssgre ﬁ?xc{&%ﬁ?@%ﬁl%%%%?\%g@%ﬂ?
Ottorr and®™B90- torr, and the source of nitrogen is typically nmolecular (N2)
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One aspect common to each of the nitridation schemes discussed above is that the oxide
liner will receive the same nitrogen-depth profile in the sidewall of the trench as in the bottom of

20  the trench. In some cases it may be desirable to maximize [N] in oxynitride liner 27 at the top

region of the sidewalls of trench 11 so that divot formation due to etch removal is further
minimized while at the same time avoiding the additional stress at the bottom of the trench that

would otherwise occur if it underwent the incremental [N] increase introduced at the top. The

best way to accomplish this feature is to incorporate the additional nitrogen at the top region of ' |
25  oxynitride liner 27 via direct ion implantation with molecular or atomic nitrogen at a significant

angle away from normal to the wafer surface. Typical implant angles may vary between 10

degrees and 45 degrees away from the normal. The angled ion implant may be performed in

four separate steps by rotating the wafer 90 degrees between each implant. This results in a

more even coverage of the nitrogen species and incorporated N into all sides of

30  differently-oriented trench designs. Typical, atomic nitrogen doses vary between le 13
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of sidewal |._he ur.f ace of substrate .3. is understood_ by those
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addi ti bn t el Uridgyice Aeredes ofdE Tisnior exawle. fagmed pp therg shrfacesecysoiwhiledmpravinghat
regardl essgf piaewsthe nitrogen is incorporated into the oxide liner in.
Figure 5, a further advantage of incorporation of nitrogen at this stage is
t hat the devi ceAfter conversion of the oxide liner to oxynitride 27, the overall processes described

above in regard to Figures 2 - 4 may be employed with appropriate modification. Although, a
pure oxide STI fill plug may be formed inside of oxynitride liner 27 at this point, as noted

20  above, this would not fully solve the STI erosion problem since a pure oxide plug would be
easily eroded by subsequent wet or dry etch processes, leaving oxynitride liner 27 remaining.

Accordingly, it is a feature of the present invention to overcome this erosion problem by

forming an STI structure of oxynitride fill material and, further, to deposit this oxynitride STI fill
material directly into the trench. Figure 6 illustrates that at the time of conventional STI trench

25 fill material deposition, with appropriate additions, an oxynitride STI material could readily be
deposited, instead of the normal oxide STI material. This is most effectively achieved by
altering the oxide STI material deposition process. The typical STI material deposited at this
point is a high density plasma (HDP) oxide created by a plasmé mixture of SiH, and O,. By
adding a controlled amount of NH;, for example, to the plasma mixture, an HDP oxynitride

30  trench fill layer 29 with uniform [N] may readily be deposited, as shown in Figure 6.
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material since it creates |large anounts of stress on the acti've area

regi ons. A8bohavhg Kigued, we@é éﬁ PRy With e swrfase pEde niddelayerd, maodmgn Epuie
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si nce in the prior art would work well even with an oxynitride fill material, since stoichiometric

20  silicon nitride still offers much more friction to the CMP pad than an oxynitride with 25% [N].
The next step in the oxynitride STI formation is to recess the STI height from the final
CMP level 31 to the desired level 33, as shown in Figure 7. A wet etch containing HF-EG
(ethylene glycol) may be employed for this purpose. In this regard, ethylene glycol is known to
etch oxides and nitrides at comparable rates, and the relative etch rate of oxide to nitride can be
25  adjusted with bath temperature. Accordingly, although this form of recelss process attacks
nitride layer 7 as well as the oxynitride, since the purpose of nitride layer as a CMP stop has
already been accomplished, its thickness is no longer important,
In any event, the oxynitride STI level 33 will be above the planar level of the substrate,
since the final objective is to have the STI material planar with the substrate at the time of

30  polysilicon deposition. Therefore, there will always be some nitride layer 7 material remaining
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processes described herein would not be able to readily incorporate the
Wt TN T Ihe ST 1111 nmaterial Wwih the sane degree of control aké Aoy 205
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It should be noted that the anount of desired recess between |evels 31 and

33 in Fi gurligt-te-loffather thamssyaral wesand Aey ofProsessehe STI material. If the [N is
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Thus, by using the above-described parameters with respect to either the remote plasma

nitridation or the direct plasma nitridation processes, an excited nitrogen species would be

incorporated at the very top surface (within the top 50A) of the oxynitride STI plug 293, as

shown in Figure 7. In addition, the plasma nitridation process may be complemented with a

20  shallow nitrogen ion implant in order to place some additional amount of nitrogen species below

e .

the layer of nitrogen previously incorporated at the surface of the oxynitride STI plug 29a by

either remote or direct plasma nitridation. This additional amount of nitrogen species further

protects the oxynitride STI plug 29a from chemical attach from the side, should STI plug 29a be

exposed some incremental amount above the substrate surface. For example, with nitride layer 7
25  etched away, sidewall portion 39 of plug 29a would be exposed to erosion.

It is clear that the depth of the shallow ion implant must be at least coextensive with the
incremental amount of exposed plug above the substrate surface in order to ensure the most
complete protection. The above nitridation processes should preferably be carried out while

~ there is some residual nitride from nitride layer 7 remaining over the active areas. Such residual

30 nitride would act to protect the active area from damage or material change which may affect the

10



oxynitride STlI. In these |ater approaches, it is clear that |evel 33 would

e nearly planar with the surface of substrate 3. Accordingly, whergy [mﬂ/ﬂm
I gn, ere 1s only one etch process (the 10 ethyl ene glycol recess b

process) that need be controlled within wafer, wafer-to-wafer and

Lot to-lot, rather than reral wet and dry etch pw@#cesses. To ensure a

igh [N Conﬁ%ﬂh $n at the top surface of oxynitride SPcrRlsihedda an
addi ti onal asma n|tr| dation process may be enployed after the recess

process is corrpl ete. This nitridation process would typically have process
paraneters simlar to those described 15 above with respect to the
description relative to Figure 5. Thus, by using the above-descri bed
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i ncrement al anpunt above strate surface. For exa% with nitride
| ayer 7 25 desaribed! sathaythe ©p d&habkynittide plogexddbisfthqighgstdNa brmimmzeeﬂposed to
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| east coextensive anou expo ove et he

substratoe sop bfabeplug or der to ensure the nost corrpl ete protection. The

above nitridatlceV rocesses should Breferab t here
I

i s some residual™ 1% ¥ PREFPENPHELSF %csigﬁﬁg?s"%mf@% ansﬁﬁn 8V€ftr'¥mée+lz%"tgl ve

areas. Suchyitifisdsdbidl 1080N)] 4 Histde[NYRup st tRCiop bittfaaé off (REbxynltedeSTIipW 294 gy f r om
damage or material change which ma}/ affect the 10 14 Nov 2005 %e WO
02/ 095818 M@Sﬁzf&%mab%mnéé'ﬁaga ighf iplagga nitgidajpn pigeess- Hiage thispracess onlyy s
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the trench wl depend, to sonme extent, on the ty pr circuit and
devi ce HesiRpted ths asjeechreatesions f@étfhwtras@a owepert fipcs S F@’@’ér‘ﬂd" Rlegdaci r cui t

and devi ce JeIhObevAme sitskMe SPAS), e bhaglsRiewhtl BSiBofld ARVSthe Substifle surface is
then exposed to chemical wet etch attach, for example.
To protect the plug sidewall portion 39 from attack, additional steps may be employed to
ion implant nitrogen into the sidewalls of the STI plug. This may be undertaken by applying
20 resist layer 35 over oxide layer 5, as shown in Figure 8. Then, as described above with respect
to Figure 5, nitrogen may be incorporated into the sidewalls of STI plug 29a by a direct ion b
implant with molecular or atomic nitrogen at significant angles away from normal to the p‘
substrate surface. Typical angles for such implant may vary between 10° and 45° from the L.
normal. Again, the angled nitrogen is typically performed in four separate steps by rotating the
25  wafer 90° between each implant. Typical atomic nitrogen may vary between lel3 atoms/cm?
and 5e15 atoms/cm?, and result in a [N] of between 1% and 20%. Typical implant energies
* would be between 500eV and 50keV.
| After implanting increased nitrogen into sidewall 39 of STI plug 29a, resist layer 35 is
removed. The extent of addition of [N] into the sidewalls is not critical so long as it is

30 sufficient to resist erosion due to wet chemical etch attach. A region of [N} with a thickness of

11



5 sem conductor material around the STI. Accordingly, such designs ma

necessitate enploying an oxynitride with a |N| of 10% or |ess. Even éﬁNOVZUOS
this [N] level, however, the oxynitride exhibits a T OWer  erUSTromT—tatit-e—t-han

Si02. In addition, the [N] Sg_n be varied or graded, as herei nabove
described, so that the top the oxynitride plug ext\i_pits the highest [N
whi ch m ni m 28 02/09818amount of stress on the surrounding silicon while
maxi m zing the ability to resist erosion at the 10 top of PFF(QS‘BYIG‘{?! Wher e
it is necessary, because of design considerations, to use an oxynitride STI
plug with less than 10%[N), a higher [N cap at the top surface of the
oxynitride I . 29 e formed, This may be done using a |ight

pl asma nit rSi%(—jKat??g%gﬁ'?%@gg@gw@ﬁr’f@é'?‘{qﬁngﬁﬁ!c@’cféé@lsmumﬂse-i ncor porates nitrogen
at the top surf &oeill 6t uhdeSstd A tEHRL the Forbddeh ! 5 hs sufficiently thick to
still 15 protect the active area regf%ng %@mlésmtbatn‘fa{'?‘ﬁdﬁ?ﬂ‘ﬁ%m\ﬁéd, si nce
STl oxyni t (TEEHPEGP0de iashepreferredivomeditiont of tHesirésat SnveHiidAS Bhoul

si deval | pQFoni MR ARON G ihRLLIOStE At e surface is then expose%%?’ﬁlngg
af '%%lbogdeéwse‘}.e .

chenm cal wet etch ta

39 fromdat B nok el canistveallin 3 tinisagBse DPHEFBHN S i on, i ppl ant. nitrogen
into the Sigdeyalls, gl e ST pLUg. Thi's may be i entloR ol b imisad iy, 50
resist |aye &V b e dIqwigesaims. a5 shown in Fi gure 8. Then, as

descri bed above with respect to Figure 5, nitrogen may be incorporated
into the sidewalls of STI plug 29a by a direct ion inplant with nolecul ar
or atomc nitrogen at significant angles away fromnormal to the substrate
surface. Typical angles for such inplant may vary between 10 and 45 from
the normal. Again, the angled nitrogen is typically perforned in four
separate steps by rotating the 25 wafer 90 between each inplant. Typi cal
atomc nitrogen may vary between lei 3 atons/cnR2 and 5e 15 atons/cnR, and
result in a [N of between 1% and 20% Typical inplant energies would be
bet ween 500eV and 50keV. After inplanting increased nitrogen into sidewall
39 of STI plug 29a, resist layer 35 is renoved. The extent of addition of
[N into the sidewalls is not critical so long as it is 30 sufficient to
resi st erosion due to wet chem cal etch attach. Aregion of [N with a

t hi ckness of 11 14 NOV 2005 WD 02/ 095818 PCTI US02/ 16004 50A to 100A into
the sidewal | s woul d be sufficient for this purpose.
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It wll be understood fromthe foregoing description that various

nodi fi cati ons and changes nay be made in the preferred enbodi nent of the
présent invention wthout departing fromiés true spirit. It is in érNﬂeVdﬂﬂS
that this description is for purposes of riPastration only and 5 shoul d not
be construed in a limting sense. The scope of this invention should be
limted only what ishailmdpsdiage of the followng clainms. 12 - 13 Wat is
claimed is: 14 NOV 2005 1. A nethod of formng an isolation structure for a

sem conductor device, conprising the steps of: formng a trench region
oxide, liner within

11) withi i trate (3).. form ,
Said trench 1hoton el of HARRER, B Cisdttion, SeRkGFe dhr Forsiongsen erise

liner (27) within saincbrisiﬂgethebtepggﬂ;on (11); and directly filling said
trench region (11) with an oxynitride material (29) fornmed fromthe
deposition of a fill material including oxygen and nitrogen, wherein said

trench region (11) is fildgfingSit I iy oxi d m xture
i ncl udi ng nitrogen, wherein 1tn e %ﬁﬁ%ﬁﬂlggﬂﬁh%atsr%%)ng(gogl%luﬁtogﬁfb&trﬁtleﬁ)m
oxide mxture is increased during the filling of said trench (11) so that

the nitrogen concentrati in said oxinitride material is higher at the
top of said trench regi ofﬁlq’ﬂlf%)ap Of.de%ﬁ%r Wﬁﬁlﬁ&aldégengﬁfegmflﬂ)si n Caiml
wherein said plasna oxide m xture including nitrogen is formed froma

m xture of SiH4 and 02 with a contro]led anount of NH3 added thereto. 3.
The method as set forth iHHEMmg s oxMerlien ta frmppp wayritiéde brerN3) wothde said
said plasma is intie}ﬁ@hf@qtgp(lq)j;agdl to 10. 4. The nethod as set forth in
Claim 3 wherein said step of nitriding said oxide liner to forman
oxynitride liner (27) includes nitriding by annealing in a nitrogen

g?n;?; ::‘: gign;‘m;;iegt 6x;5 aeTFll?rﬁgE?}; pggxlggs?indlsﬁéncilorgéign (k! )C%VI%I‘l ?n%xvngi%rri(% 1?1a?e?ilafj(2sét) ep
formed from the deposition of a fill material including oxygen and nitrogen,
wherein said trench region (11) is filled using a high density plasma oxide
mixture including nitrogen, wherein the amount of said nitrogen in said plasma
oxide mixture is increased during the filling of said trench (11) so that the
nitrogen concentration in said oxynitride material is higher at the top of said

trench region (11).

2. The method as set forth in Claim 1 wherein said plasma oxide mixture including
nitrogen is formed from a mixture of SiH4 and 0, with a controlled amount of
NHj added thereto.

3. The method as set forth in Claim 2 wherein the proportion of NHj3 to 0, in said

plasma is in the range of 0.1 to 10.
4, The method as set forth in Claim 3 wherein said step of nitriding said oxide liner
to form an oxynitride liner (27) includes nitriding by annealing in a nitrogen

containing ambient,

5. The method as set forth in Claim 3 wherein said step of nitriding said oxide liner to form

an oxynitride liner (27) includes nitriding by plasma nitridation.

[RALIBE]04497.doc:edg



an oxynitride liner (27) includes nitriding by plasma nitridation. (R \LI
BB] 04497. doc: edg -14 14 NO V 2005 6. The nethod as set forth in Caim3
wherein said step of nitriding said oxide lLiner to form an oxynitri dé NOV 2005
liner (27) includes nitriding said oxide rilher with a greater concentration
of nitrogen at the top portion of the sidewall of said trench. 7. The
met hod as set gf ort hj 1 i i f nitri.ding sajd. oxi de
liner with a great elﬁé}g%lideirﬂsge{%ﬁ@é%}méﬁl‘ggegﬁe%%és%ptoﬁaﬁ?%ﬁg %ﬁi‘){xﬁ&q@gﬁ ta?orm
si dewal | of said trenetynitndellinerd27) imiludes nitridingbyidioride 1ing@wathta eréhter EHR eiBLDPEE

d

as set forth in O aj. further co he steps of etching sai

7 r | Si. ,
oxynitride materi al mfpﬁw atjtge POBrpﬂﬁtlgﬂgéé?‘f/ﬂE‘gYaﬁld’és‘?‘? B9k plug (29a), the top
surface of which extends above the surface of said substrate (3), and
nitriding the top surface of said oxynitride trench plug (29a). 9. The
met hod as set /f or t hhemethod asse fopthein &ilaime wheeeis said $tep ofiniteidinp kait oxide bis watk o

said oxynitride tr : i aboye the sai urface of said
substrate (3) are %?ﬁér}icg}é%?&&l%?%%ﬂ@%@?ﬁ%}g%sogté? Sﬁ‘“@?'fl'ﬁwall ot Spidi trnen RplEdes; n
sai d sidewal | port imtiding/bg iomiimplagted by ion inplant 11. A sem conduct or
device trench isolation structure, conprising a substrate (3) having a
trench region filled with an oxynitride material to forman oxynitride
trench plug (R9a) Tict fethbE aisét! BERMn CUREL N f,Akd isig Al npg LJ -
material being greater at the to portion o@ﬁiééfyg“‘?{lgﬁ%ﬁ p%%s %éétlg@g% ﬁ%{ﬁ
at the bottom por t i B¥iBde duateyiat ﬁ%ﬂlé‘h fmug epoiide tench Phig @298ndte fop aludice @i
structure as set f gyl 4 i ien,.: It ragen .caoncentratiqn of
sai d oxynitride mat e_r%ha‘%’@eing:&l gﬁrog%jg% s?@?c[eﬁoé? a]{l E@’Sﬁ%t% #@g%“ﬁ‘ %%ﬁ@éﬁ&r 10p;sytiace of

i ncreases from t he sedoruitridé remh dlug(2%kh pl ug (29a) to the top of said
trench plug (29a). 13. The trench isolation structure as set forth in daim
11 wherein said trench region includes an oxynitride liner (27) lining the

wal I's of sai @ trendhemeghainaswiet ffortthia Slathe8awhdein Gf 168 Ble QxRki HbASn! bPSSid
gion having a nitrogen

(27) at the top portion .of said trench re _
concentration gr eatoéwti”ﬂ%\ﬂe?%é’?‘fﬁ ésﬁjéﬁ“‘g%%@ﬁﬁ thstspigriutteretdf said isulestvatk I(3) aoé
said oxynitride | inftRdedat the | ower portion of said trench region.

10. The method as set forth in Claim 9 wherein said sidewall portions are nitrided by ion
implant
11, A semiconductor device trench isolation structure, comprising a substrate (3) having a

trench region filled with an oxynitride material to form an oxynitride trench plug (29a)
with the nitrogen concentration of said oxynitride material being greater at the top

portion of said trench plug (29a) than at the bottom portion of said trench plug (29a).

12. The trench isolation structure as set forth in Claim 11 wherein the nitrogen
concentration of said oxynitride material is graded so that the nitrogen concentration

increases from the bottom of said trench plug (29a) to the top of said trench plug (29a).

13. The trench isolation structure as set forth in Claim 11 wherein said trench region
includes an oxynitride liner (27) lining the walls of said trench region with the sidewalls
of said oxynitride liner (27) at the top portion of said trench region having a nitrogen
concentration greater than the nitrogen concentration in the sidewalls of said OXynitride

liner at the lower portion of said trench region.
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[ R ELI B E] 04497. do c: cdg -15 14 NOV 2005 14. The trench isol ation
structure as set forth in Caim1l3 wherein the nitrogen concentration
within the top 50A of the sidewalls of said oxynitride trench pluglé2@%)2005s
hi gher than the nitrogen concentration bel-d®-the top 50A of the sidewalls
of said oxynitride trench plug (29a). 15. The trench isolation structure

as set forth ijp d ai i.n_said oxynitride trench lug (29a) extends

above the sur che o?%s;“fg(‘]m;%’z thrétsgmf@Se éﬁcfe(;\/r{%’%bi‘ Qltaml' e’:l?:?stW K theomitjogen

of said trench pl ugcq2@ahti@xwishisibego 6f thO SdSaHlll 8EQ; i )
pady _ ﬁlcp(fx?'ﬁlﬁidé 5%1{6%%12}%@(‘2%)@53

has a nitrogen conﬁ.e trﬁti n greater than the portion of sal ug
(29a) extendi ng bel'8UF iR &g MitQEsn gpnceriragon bplowr the doy S9A dfbthe Fidewtliseofchaid

i sol ation structureygdgimg@treh $ille 128,)C @i m 14 wherein said oxynitride trench
pl ug (29a) extends a%?ve thee S%Fl%gcag' of said substrate (3) and wherein the

sidewal | portions of said trench plug (29a) extending above the surface of

sai d substrat e (3) Vv .nitrogen concentration greater than the interior
portions of sa'd trgﬁecﬁenﬁ ﬁsﬁla%‘% ucturgas ief_?‘ﬁ% 184497, Howhergiggaid oxynitride trench

plug (29a) extends above the surface of said substrate (3) and wherein at least the
portion of said trench plug (29a) extending above the surface of said substrate (3) hasa
nitrogen concentration greater than the portion of said trench plug (29a) extending

below the surface of said substrate (3).

16. The trench isolation structure as set forth in Claim 14 wherein said oxynitride trench
plug (29a) extends above the surface of said substrate (3) and wherein the sidewall
portions of said trench plug (29a) extending above the surface of said substrate (3) have

a nitrogen concentration greater than the interior portions of said trench plug (29a).
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