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NOVEL _SHAL LOMTRENCH. LSO ATI ON TECHNAQUE———  BACKGROINB—SF—FHE—IVENT | ON
1. FI ELD OF THE | NVENTI ON The present invention relates to
met hods of fabricating sem conductor integrated circuits and nore
particularly to a nethod of formng a shallow trench isolation region
in a sem coMANBITS substrate. 2. DI SCUSSI ONCHUSHIRIED ART
Modern integrated circuits are nmade up of literally mllions of

i ndi vi dual devices such as transistors and capacitors fornmed in a

si ngl e sem conductor substrate such as a silicon substrate. The

I ndi vi dual devices are electrically |soIaHed from one anot her through

t he use of various isolation techniques such as, |ocal oxidation of

;5151): g?inoﬁlL%essegcgm%&éﬁdt#M?‘%m@& EECHNIQU'For [ sol ating

net al oxi de sem conductor device (MXS) devices. typi cal

i sol ation regi onBAmnm@mEmvgNm@)mOCOS i sol ati on process,
a silicon nitride mask 102 and pad oxide |ayer 104 are used to
selectively grow field isolation regi ons 106 (i.e. field oxide

regions) in a sikico ilicon nitride mask prevents
]g)xi dazI i 02 of L Ihe si | im.n bﬁﬁﬁ%ﬁuﬂﬁ@éﬁt@%lmetwl&%bﬁéﬂdgo

or ne probl e SO ues

oxi dation step c ﬂﬁft%’é ﬂt%?ke:ﬂt g‘f“fﬂ ’éd] gﬂafts%'haiﬁf%@éﬂ?mf’g t he
i sol ati on regi onef forpiing p@ﬁm@m@em}ﬁm@rm ins a jsamnipeNEisicLor

"bird' s beak" lléubsbateadvantage of the "bird' s beak"” is that it hel ps
reduce the | eakage current (l[err]) of adjacent transistors. A problem

with creating a "bird s beak" however I S that the dinensions of the
i sol ation regi on2-106 BIRCUIHIOR A8lore the anount of silicon

avail abl e for active Meueﬁeﬁxtégafeelwmdts(areenadeedpwsxtdauyeﬁxlmﬁd%mg

e o e PERERRAEE el bl WcheR A
PP Y single semiconductor substrate such as a sxhcon substrate. The

individual devices are electrically isolated from one another through
the use of various isolation techniques such as, local oxidation of
silicon (LOCOS), recessed LOCOS and trench isolation.

LOCOS isolation processes are the most widely used techniques
for isolating metal oxide semiconductor device (MOS) devices. A
typical LOCOS isolation region is shown in Figure 1. In a LOCOS
isolation process, a silicon nitride mask 102 and pad oxide layer 104 are
used to selectively grow field isolation regions 106 (i.e. field oxide
regions) in a silicon substrate 108. The silicon nitride mask prevents
oxidation of the silicon substrate where active devices are to be
formed. A problem with LOCOS isolation techniques is that the
oxidation step consumes substantial amounts of silicon adjacent to the
isolation regions. This phenomenon generates what's known as a
"bird’s beak” 110. An advantage of the "bird's beak” is that it helps
reduce the leakage current (Ipff) of adjacent transistors. A problem
with creating a "bird's beak”, however, is that the dimensions of the
isolation region 106 are increased and therefore the amount of silicon
available for active devices is reduced (i.e. reduces device packing
density). Another shortcoming with LOCOS isolation techniques is
that approximately 45% of the isolation region 106 is grown above the
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silicon substrate 108 resulting in a non-planar topography which can
adversely affect downstream processi ng steps such as

"phot ol i t hoghapihefgOr these reasons, LOCCOS processes are rﬁf‘l‘lﬂﬁklgszsl
suited for the manufacture of nodern ultra |arge scale integrate

(ULSI) circuits. Recessed LOCCS isol ation structures are
simlar to LOCOS I solation structures except that a groove or recess
Is etched into the silicon substrate prior to the oxidation step. The
oxi dation step then grows an oxide 3 the etched space and thereby
forms a relatively pl anar isolation region. Recessed LOCOS processes,
however, still silicon subbsteate 108 semutinig i aench-plomanropoigedptty whidhgearphi es and

| at I el L Qp.
Aﬁoﬂlgr | sol at ?g%& ec gﬁgfﬁépmﬁr%éé?’ﬁz%%ﬁ?g sieﬂfgcrggx%g% a great deal
of attention is Phefelithqography.i Spr thege aeatSPeﬁM%mmﬁewsm well

trench or groovesiited forthe ehaigfdctund of motleln aftha fdife ke ntdfatas shown in
Figure 2. Next, )(icg,&ﬁltgyer Is selectively grown on the sidewal|s of
the trench using a silicon iéri e mask 206. An oxide | ayer ar_ ot her

fill material ist herﬁ?ﬂeé"?w&' g@ﬁ?‘ﬁéﬁ“é%‘ﬂ‘?%a‘?mlﬁé eLEE®PS nto the
trench to refillisolationrstnrdures lercepthati 4 grboweiotaretess idietehed itedhdack to
forman isol ati ogy: ' i . Ll | s M

silicon substrat ‘Cék.l‘%‘{ H&ﬁéﬁa@e‘ff?i&% tﬁ%ﬁhﬁgﬁg%@ﬁ %é%?gégwgé% lIpl)lrggf erred

over LOCCS pr ocemano"ideﬁéééﬁ§§%€ﬂéya?“e%ﬂﬂ therebysformgiasrelativeliyr ea t han do
LOCOS processes platiar isolaticsoregivar. eRedessetl LOQUSOprdchsses, Huwetj siill of hi gher

density integrat %ﬁfer to solngég‘géﬂ'e&?roxﬁ‘%int-'lgg? %ﬂé{oﬁ{»ﬁﬂ@ﬂgﬂ@}ﬂ on processes

prove ¢ SuRguRen G pirg sirak BEAHRRo. | 1 {hogr aphy-
A probl em associ at ed Anofhepisolation technitjuel whicht hasiretehynregeived a greati s t hat
thei r unusual gegedigpariiofldpHlcR iRliddn. CWT%W&{] bdtkss,a ~ anount
of transistor source-draln | eakage curyent err|). s, Wth,
present trench i gﬁ?&l PoHBTIVER r%r?*&&iﬂ"ﬂﬂég,w& ?@:ﬁo&aérﬁ‘gwn m
pat hway is creat Eiguae 2t INexd 41f axide ddyerds$ seleasively grosvs porthe digewalls @fi ng a
signi ficant anDUfHe @énchiKidiRla sificdreAriié sk 065 AN 6RidedaydiordeAbh
when the transi shRtnl@nl Is then Blali? Gebhbred S Ghe sivbiard A HRESHHCT ! Ve

trench to refill the trench. The deposited oxide is then etched back to

form an isolation structure which is substantially planar with the

silicon substrate.

Trench isolation processes are preferred over LOCOS processes

because they require less substrate area than do LOCOS processes and

so therefore allow for the fabrication of higher density integrated

circuits. Additionally, trench isolation processes typically produce

isolation structures with planar topographies which improve

subsequent processing such as photo-lithography.

A problem associated with present trench isolation techniques

is that their unusual geometry and doping profile create a substantial

amount of transistor source-drain leakage current (Ioff). That is, with

present trench isolation formation techniques, a low resistance

pathway is created at the diffusion/isolation transistor edge allowing a

significant amount of current to jeak from the source to the drain

when the transistor is off (i.e. when the channel is in a nonconductive
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state). Transistor |eakage current nust be mnimzed in order to

control the standby current in a fabricated integrated circuit.

Thus, what is needed is a nethod of fabricating a trench PCT. | sol ation

structure wWHO¥MBhe source-drain | eakage current is Shnderin SN y
reduced. SUMVARY OF THE | NVENTI ON The present

i nvention describes a nmethod of forming a shallow" trench isol ation
structure in a silicon substrate. According to a preferred enbodi nent
of the present invention, a pad oxide laygL is formed on a silicon
substrate and a silicon nitride layer is fornmed on t he pad oxi de

| ayer. Next, at h e |l ayer,

t he pad oxi de Ia{/tg{r}g gﬁ%&@@%&&é "IH‘% 'n?iﬁﬂmzed m d?&&ﬂod forma
trench with sl opeantegl db%?al"éb)’r?“fl}?été’}?g &W&f?ﬁe. CFTFé“t trench is
then wet etched with an _etchant conprising HF So as_to etch away a
portion of the pad oxhq' & aﬁﬂ'@ e | ayer
to thereby expose a portron o? %ﬂ@a%%?&%@ace o‘?bh% ?P%%Jr:\‘g

substrate adj ace‘l‘i?laf‘entsﬂéﬂcﬁ'@nw eregéilge sqyygedrainlgakagegurmntds) a fir st
time so as to grsubstintialliydedteder on the trench sidewalls and on the
reveal ed top portion of the silicon substrate adjacent to the trench.
Next, the grown d fromthe trench sidewalls
andfromtheto 5 SN e < bstrate with a wet etchant
conprising HF. Next, the sidewal | s of the trench and the portion of

the silicon substrat el‘k@t:(f’b%@:’i@m%nﬁ&? deb&idl aaﬁ.pepfgg o @%ﬂgge%aﬂg“;l me

to forma second er ther,

material is depo@gﬁéﬂ‘sf’mnt% Wredp @ %{ﬁﬁprbfm"ezeﬁc‘éﬁrfiﬁ‘&&%ect to
the silicon nitrpmferred embodithentnofathe lpresemt itvenizin, a paldadxide later ict ur e
with a planar t%?ﬂkan&wa sxﬂ@r%ﬁﬁfﬁ&\e'aﬁ@ @Lmanﬁ&mtx &xeffoﬁn@a on

present inventio sub mnat&i ace trap} Ior | eakage
currents and for ISP DY ons.

BRI EF DESCRI PTI Ontriyte lHyEr,Dmmxxde layer, and into the silicon substrate so as to
form a trench with sloped sidewalls in the silicon substrate. The
trench is then wet etched with an etchant comprising HF so as to etch
away a portion of the pad oxide layer from beneath the silicon nitride
layer to thereby expose a portion of the top surface of the silicon
substrate adjacent to the trench. Next, the trench is oxidized a first
time so as to grow an oxide layer on the trench sidewalls and on the
revealed top portion of the silicon substrate adjacent to the trench.
Next, the grown oxide layer is etched away from the trench sidewalls
and from the top portion of the silicon substrate with a wet etchant
comprising HF. Next, the sidewalls of the trench and the portion of
the silicon substrate adjacent to the trench are oxidized a second time
to form a second grown oxide layer thereon. Finally, a trench fill
material is deposited into the trench and planarized with respect to
the silicon nitride layer to form a shallow trench isolation structure
with a planar topography. The trench isolation structure of the
present invention substantially eliminates adjacent transistor leakage
currents and forms uniform high density void free isolation regions.

BRIEF DESCRIPTION OF THE DRAWINGS
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PCT/ US96/ 15281 Figure 1 is an illustration of a
cross-sectional view of a prior art LOCOS i sol ation structure.

Figure 2 is an illustration of a cross-sectional view of prior art

“trench isol gid #mepisr uct ure. Figure 3a is apcrhisygisgt i on of
a cross-sectional view of a sem conduct or substrate having a pad

oxi de |l ayer, a sem conduct or silicon nitride layer, and a photoresi st
‘layer formed thereon. Figure 3b is an illustration of a
cross-sectional view show ng the formation of a trench in the
substrate of Figure 3a. Figdre 3c is an illustration of a
cross-sectional view showi ng the result of a first trench wet etch of
the substrate of Figure 3b. Figure 3d is an illustration of a
cross-sectional view Fpail 1% an illustiaBtn®f WBssleclohdl Vibwdf £ byl on the
substrate of Fl% 3C. . igure 3e 1S an | Vustr lon of a
cross-sectional gﬂ%ﬁemg%mr& result of a trench wet etch of the
substrate of Figure 3d. Figure 3f is an illustration of a
cross-sectional view ' ; s t he
substrate of Figure 312.&9%% 2% H\‘ﬁlustratxlgingi&%‘é@rgsgﬁéescﬁgﬂﬁﬁxgﬁséf?%ﬁroﬁ?Of a
cross-sectional SPREH ?ﬂlﬂﬂ%s%%t“re- deposition of a first oxide |ayer on
t he substrate of Figure 3f. Figure 3h is an illustration of a

Figure 3g., o o PGal B0 an lushaioR B p b o 3,20 et onal
vi ew show ng t hesemiconductor Substrate having a p oxideaiayer, a semiconductor

silicon nitride layer, and a photoresist layer formed thereon.

Figure 3b is an illustration of a cross-sectional view showing the
formation of a trench in the substrate of Figure 3a.

Figure 3c is an illustration of a cross-sectional view showing the
result of a first trench wet etch of the substrate of Figure 3b.

Figure 3d is an illustration of a cross-sectional view showing
the growth of a first oxide layer on the substrate of Figure 3c.

Figure 3e is an illustration of a cross-sectional view showing the
result of a trench wet etch of the substrate of Figure 3d.

Figure 3f is an illustration of a cross-sectional view showing the
growth of an oxide layer on the substrate of Figure 3e.

Figure 3g is an illustration of a cross-sectional view showing the
deposition of a first oxide layer on the substrate of Figure 3f.

Figure 3h is an illustration of a cross-sectional view showing
the sputter etching of the substrate of Figure 3g.

Figure 3i is an illustration of a cross-sectional view showing the
deposition of a second oxide layer on the substrate of Figure 3h.



deposition of a second oxide |ayer on the substrate of Figure 3h.
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Figure 3 is an illustration of a cross-sectional view show ng the
polishing of the substrate of Figure 3i. Figure 3k is an

i |1 ustrati or'W@P7/M13% 0ss- sectional vi ew showi ng t he rBGHYSAEBL e
nitride |layer and pad oxide |ayer fromthe substrate of Figure 3] and
the formation of a gate oxide |ayer. DETAI LED DESCRI PTI ON OF THE
PRESENT | NVENTI ON The present invention discloses a novel

nmet hod of fabricating a shallom/trquh I sol ation structure. In the
fol l ow ng description, nuner ous specific details such as specific

process steps, materigls ion r e n order
to .provide a thorou h?gu‘re?s] En%%f‘éﬁsé‘%gﬁgﬁgﬁ&“ sgﬁgfgggl ‘ﬁeﬁr é\;‘g&fiﬁéghélt Wil |
be obvi ous, howepelis ing of the substrate Rf Figdde Bh the art that the present

i nvention may be practiced wi t hout these specific details. In other

i nstances, well known i.nt eqgrat.ed. ci Ly t _man uring steps and
equi pnent have not beg e 3k ’sgggﬁ qﬁ“} &‘?F’ISC?L{H)%i Hﬁ”?‘b 'ﬁﬁ&
unnecessari |y obthgremevad optheaifride layer amd\mdwgde layer from the substeater esent

i nvention provi dgﬁpﬁg@@gﬁindr&{émmgﬁoﬁ@bwg‘aﬁ biidedayer . shal | ow trench
i solation (STI) structure which can be used to isolate i ndi vi dual

transistors forned in a sem conductor substrate and can al so be used
to isolate P wel E2Elf AEDE EHE H o a.ad 5 N t he present
invention fornms void free hlgh den5|ty trench |solat|on structures

o G |00 LTSS e e e 6 g o AR,

provi des a trench iso erein
(I[err]) of adjagkaliow rtmshssqiatson strygivge.o fr ithe follovdag C@Pﬂon,

elimnated [i.e. nungkuowsspedificocdaails swdh aslspeeific ;(rb{:é%&&iebsy\ﬁht‘éhaﬂd @nd from
the source to thg ,ﬂaﬁg%ﬂ@@ oH e AR k5 plfie  thorough _,, A0ST 0

to the nmethod of nven substrate 300
is provided in \Aﬁpéﬁfsgﬂtqmﬁ ofi¢he preset inyention. It m!’édleaﬁbé'do%ﬁ, hewevet, | |
eventual 'y be fotdrofle skittetl GnntHel aftahas tHiSpesért invention may be practiced

without these specific details. In other instances, well known
integrated circuit manufacturing steps and equipment have not been
set forth in detail in order to not unnecessarily obscure the present
invention.

The present invention provides a novel method of fabricating a
shallow trench isolation (STI) structure which can be used to isolate
individual transistors formed in a semiconductor substrate and can
also be used to isolate P wells and N wells if desired. The method of
the present invention forms void free, high density trench isolation
structures with planar topographies. The method of the present
invention provides a trench isolation structure wherein the leakage
current (Ioff) of adjacent transistors is substantially reduced or
eliminated [i.e. reduces the amount of current {Ioff) which flows from
the source to the drain when the transistor is off].

According to the method of the present invention, a
semiconductor substrate 300 is provided in which active devices of an
integrated circuit will eventually be formed. Semiconductor substrate
300 is preferably single crystalline silicon but may be or may include
other types of semiconductor materials including, but not limited to,
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-gal i um ar sgpi d germani um Additionally, sem conduct ubstrate
300 may inc d@ﬁﬁﬁgepitaxi al layer or layers if desired. gqr(qswm?x

further, sem conductor substrate 300 nmay include an oxide layer in the
‘case of silicon on insulator processes (SO) or a sapphire layer in the
case of silicon on sapphire (SOS) processes. According to the preferred
enbodi nent of the present invention, subsig.ate 300 conprises a bul k
silicon layer with a silicon epitaxial |layer formed thereon.

The first step aﬁigﬁ\ seffdel aﬂd“é@ﬂﬁ&xfiﬁnﬁs A%Zﬁﬁ&\ili}, Fs%gﬂ&ﬁ\lg%ﬁ:mxj S to
forma thin pad I de er 302 _0n silicon straj’e 300., Pad oxi de
| ayer 302 ispuseﬂ")ilsgafee‘ﬁée‘yéy é?qllég%a'aél’“é’é‘ﬁﬂéi}'ﬁ B’Ea)i?yﬂfo‘gwf@'ﬁngﬂ? and a
subsequent |y f orfurthes, senmioondridtor sibstzayeB00 maydndiude drooxitle layer fir thed

embodi ment of t of S#idbn iR ia Bk \ I thick
pad oxi de Iayerhﬁggigg_v\m or?ﬂslﬁgél??a}tﬁ% %Q%ﬁlﬁéﬁﬁég@@&feg?&the oxi de
| ayer 302 is cho%sf 5‘1'|SPB\PPcFéPPh€e;S§9%H”’qCF$?§F- {YCERFEling to the prefesred ons

with a snall repembodinidre dfithel'psedeat inventionabubsirdte 808 komprises @bullat i on.

Addi ti onal I y, pagﬁeaﬂﬁ? WA a $0eoh opbSaP 1M foh BT Bher bl enough

to provide an etch st . Ol S e nt sillcon nitride, . renpval
step. According to t ?Fé&i’e 'Z‘Frg’d'a?%ﬁ?vm iqn,25 shonm ip Figure 3a; 18, ot j on,
pad oxide |ayer ®(erns thingadioxidmlayesinomsilicon substrite B0®br Bad byidene ( DCE)
Bpbr oxi mat el y SORTe S0 bl tb teligiBishiopPbetween siliioh by Pite D3RR 7. ate
Xi y . u V. u
by gettering net3Ps ‘ﬂﬁ%ﬁ’éﬁ'ﬂeﬂ‘ qu%f%ﬁ\?‘ﬁgge layer. &crording &H&P‘f?"é%‘go. The
metal |ic cont aniemhedimendaf tive pressat énveagion an approximately DORA 01941 m
gaseous netal | i Cthidd pdd dﬂaew@»&hs féwR bRGUBERSte 300, TheWRknéRYfaldl known
e

Noxt ;3. uni f of m PAJEFREF 25 chiten b Brbidedhe propls ) Bhag  oxi do

| ayer 302. Sili céimensionsowithaamaligeprodyvibiebirdis heakddshalowarenchy

f or Az ug seque PE) oﬁbaﬁém\évAua&ntﬁhgg%lﬁ@ oﬂfd?\éﬁai?eﬁm)li i8 bsgeﬁwf&ﬁ@gahick

A(F:)cor ding t g a pér%q%(.s?’ﬁgo&g&g%d?nws %&’% e %‘r1 ‘%(gﬁfgﬁ{égéﬂ 8{6}5'%ag

approxi mat el y 15@yevadeter. Arqording toi theipteferredeembedimanta the presgnt
invention, pad oxide layer 302 is grown in an oxygen and
dichloroethylene (DCE) ambient in a Kokusai Vertron III vertical
diffusion furnace at approximately 900° C. The use of DCE helps
provide a clean substrate by gettering metal contaminants from the
silicon substrate 300. The metallic contaminants react with chlorine
from the DCE to form gaseous metallic chiorides which are evacuated
away. Any well known methods, however, can be used to form pad
oxide layer 302 if desired.

Next, a uniform layer of silicon nitride 304 is formed on pad

oxide layer 302. Silicon nitride layer 304 provides an oxidation barrier
for a subseguent shallow trench oxide growth and also provides a
"polish stop" for a subsequent shallow trench planarization step.
According to a preferred embodiment of the present invention, an
approximately 1800A =+ 2004, silicon nitride layer is formed on pad
oxide 302. The thickness of silicon nitride layer 304 is chosen to
ensure that after shallow trench planarization, the silicon surface on



oxi de 302. The thickness of silicon nitride |layer 304 is chosen to

ensure that _after shallow trench-plapas-zat-+on, the siHeom—surfaceom
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-7- which the gate oxide is to be grown will be |lower than the
trench fill material. Silicon nitride |ayer 304 can be fornmed by any
met hod wel | WOST/141T&nown in the art. It is to be appreci at #FTUSIIS/Iher

sui tabl e oxidation resi stant masking materials or conbination of
materials may be used in place of a silicon'nitride |ayer 304 and pad
oxi de layer 302 if desired. Next, according to the present

I nvention, a photoresist |ayer 306 53 dep05|ted over silicon nitride
| ayer 304. The photoresist layer is t hen masked, exposed and

devel oped to define,l tons ,308 i,.n resi er ere
trench isol ation ﬁﬁ—'&‘,tg‘ﬁ% Qe I3,to he grpwgn “Pﬁ%e%WfM&yntE%?‘ Hgnhod of
the present invemetesial. SdiconmitnidgHayer 304 canrhs foymied dyaanyomettwogl well (| ess
than 4000A wi de)krfen B thedrk 01tk Yo be app réc@ét@@@h%tﬁéﬁsﬁz%lé&hﬁﬂﬁ@n of a
waf er. The net ho%ﬁ‘%gﬁ“&,he"%}‘& ma;cenal%m- §°@¥ﬁ]ﬁt1%@%n mtr | soI ation
regi ons whose di

limtations. Addntplmflaysth!tmmﬁelayerWmépedmﬁﬂamnmlfdeg&ddl mensi on
EWI de%1 trentCEestcan Neaa, m?f@ﬁwthe reseﬁtm#ehﬁaﬁoal?h&dfwén f th

renches withou es Q e narrow

bbbl b1t b 1] hyer a0, RS pROBRESS IR oh | e

trenches and vice
present inventi dhenmédmsed and developad o 3lefine Hocatiphs 308 in de | ayer 304

pad oxide |ayer p'ﬂﬁoﬁﬁﬂt iayeP306 wherétrbhél@iboﬁdfﬂﬁ“ eichs WP tase%ﬁﬂ@dl n Figure

ggnc-rll-[ ﬁpgngﬁl?slo‘lﬁé ron%{(ggp[net{wd qf% esq"gggﬁ%’ggl{?h tgq}g rgl nal gap
filling and i ncrdeRsity isal ;tgggregxons (les,s\dhm 48004 miide} ean be upifarthly of trench
310 are pref er atfbymed agiiss Yheshrhrd ofawafe('aFmEQKétﬁBﬁQith@ Prédesr ees) to

facilitate subs nt, & | ut, for S _or voids
therein. Additi gﬂg }ilc:n é%gg&gj #ehtcgqf‘ﬂ%mn reglo ?é’?‘é‘?slee@“ée%ﬁg’dgrﬁgﬁt of the
present inventi GRly imitad Qﬁpﬁfgltbmhlﬁ hmxtanogg_z Additienallys vwish the e) of
trench 310 are quesaapﬁmv@ﬂmﬂhygdﬂﬂiﬁns@&gkﬁide) trenched &arl alsbHecfofmelt not to

oL T g SmARAERIOAD b3l Bef e EARUSEggrimendil] R0AEP o011
Any wel | known é & RTorsssing ohithe Barrewntrerches aad vice versa. et ch t hr ough sili con
nitride |layer 304 anThpagxbstepeadcasding 30 2he phesent invention, is to etch a

trench 310 through nitride layer 304 pad oxide layer 302 and into

silicon substrate 300 as shown in Figure 3b. Trench 310 is preferably

etched deep enough to provide punchthrough isolation, but yet not

too deep to cause marginal gap filling and increased stress.

Additionally, the sidewalls of trench 310 are preferably slightly sloped

(approximately 80 degrees) to facilitate subsequent trench filling

without forming gaps or voids therein. Additionally, according to the

preferred embodiment of the present invention, after etching corners

312 (trench/substrate} of trench 310 are at approximately right angles.

It is important not to form corners with acute angles (< 90°) because

such sharp corners result in high electric fields which cause undesired

leakage current. Any well known etching techniques can be used to

etch through silicon nitride layer 304 and pad oxide layer 302. The

silicon portion of the etch is preferably accomplished utilizing 2 LAM

Rainbow 4000 etcher with a chlorine based chemistry. The silicon

etching is timed to form a trench at the desired depth.




silicon portion of the etch is preferably acconplished utilizing a LAM

Rai nbow 4000 etcher with a chlorine based chem sTry. The silicon

etching is timed to forma trench at the desired depth. WD 97/ 14175
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"After trenciygdfebmas been etched to the desired depth, mmiﬁﬁpSI st

| ayer 306 is stripped with well known techni ques such as pl asma

.ashi ng. The next step, according to the present invention, is
to expose trench 310 to a first trench wet etch. According to t he
preferred enbodi mrent of the present invention, trench 310 i s exposed
to a wet etchant conprising hydrofl+#eric acid (HF). As shown in
Figure 3c, by exposing trench 310 to a wet etch conprising HF, the
portion of pad After0genchy/310 mauretmrtgewegmedlda fh,i s renoved to

) acent Lo tren%ﬁ%’&“‘-‘s%@ "3*4 8 14, 0 oM VPR e %ﬂéﬁ%hr "SiTicon

substrate 300 arPf2smp;ashin nitride layer 304 are substantially inmune
to HF etchants all ovm'mexfuadtstep accdrdingto-therjsresdnt ARV entivay i éq;dsayer 302) .

The use of 2 veluglalnf kUt mdawe% Rl RBLrAR L BIRE isetiaa o1 T cOn

nitride |ayer an ap created
bet ween silicon embedimant ojabemegr investion, “endhﬂq iscRxposgb o 8omet The goal

of the first trestchantiongirising t{)amfrmxcam) As Bhowh QA FigureBe, ppd oxi de
t

| ayer 302 to exp L [ e eorner 312
of trench 310 so mrr?c’r?]\w ?Sg%‘&ﬁ éohfb?f}m%HIth d%%%s of p 6‘CX| dation
can occur in tmno’ﬁﬂ?éﬂqfé’ﬂqg sPé's%mrPﬁg“Pﬂdh?’w is remaygddpirgvest t fe corner 312
of trench 310 t opdrtion 31¢dfche kepkagace of siliconkubstrate(3d0eddjddent Werehii St

trench vet et ch daiaa&l ﬁmgg?gggpgbe&gsg tht il e dlc W8 il O

subsequent two- di NERs] dna Tt not
remove too nuch PiEdeJayes 384 are a?b%t?fétl%“YeW@ﬁune to Hfz‘jmbmqsavg“aaa for
substantially i n«he@mﬂﬁd of bnlyapad ecidellayerB0Rh eThe use of & webeich@llows

approxi mat el y 304 83 ubvglr tﬂéeufea%%grﬂgns’ia%&&ch the pall'd3§gd 310
provi des good resul erred rese% I nvention
utilizes a wet elPXWa\’i't h@&ﬁb‘ﬁ 83 Grests g?sggowpuggrate 0 and SOl ngt el y

140 seconds f ol | nitwide kayen 364.nTbe |gnalddl theifirstrénah) webeteh is to remove a Next ,
as shown in Fi gusg3d, ofttifégﬁa okidk 1322’% g& Se {He/ l%b stukrﬁﬁe of sxhcoﬁ o forma
s‘b

first trench OXI’ﬁﬁ 316 rowg‘ ﬁ&ss% dewal | s

and on the botto %‘F“H%ﬁ%’ﬁ‘eg?éﬁ)aé“ﬁé

oxidation step, oxidation can occur in two dxrectxons resulting in a
rounding of the corner 312 of trench 310 to help reduce leakage
current (Ioff). The first trench wet etch should remove enough pad
oxide in order to allow subsequent two-dimensional oxidation of the
trench corner, but not remove too much pad oxide so that the trench
dimensions are substantially increased. It has been found that
removing approximately 300A (laterally) of pad oxide adjacent to
trench 310 provides good results. The preferred method of the present
invention utilizes a wet etchant comprising 50:1 water to HF for
approximately 140 seconds followed by a rinse in deionized (DI) water.
Next, as shown in Figure 3d, trench 310 is oxidized a first time
to form a first trench oxide 316. Trench oxide 316 is grown on the
sidewalls and on the bottom of trench 316 as well as on the top portion
314 of substrate 300. Because surface portion 314 of silicon substrate
300 is exposed, oxidation of corner 312 occurs in two directions,
resulting in a rounding of corner 312. The first trench oxidation step



314 of substrate 300. Because surface portion 314 of silicon substrate
300 is exposed, oxidation of carner.ll2.gccurs in two ; :
resulting in a rounding of corner 312. The first trench oxidation step

WO 97/ 14175
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regrows t he WY} of pad oxi de 302 which was etched avvaf‘t%mqgﬂb”u t he
first trench wet etch step. The first oxidation step grows a first

trench oxide 316 with a small controlled "bird' s beak"™ 317. By

roundi ng the corners of trench 310 and form ng a bird' s beak 317, the

| eakage current (I[err]) of adjacent trang.stors is greatly reduced.
Additionally, any dangling bonds left fromthe trench etch are

t ransf or ned frorq.e?;&% ebﬁ&?ﬁ t e ' '-‘g\ewgg '

first oxidation e .E%‘a S oprﬁlgéut%gag?g)kg)#_ on; Sﬁggeg:iﬂa??@r{h I"oxi de
i s thought to hethg firstitrench wehelichsiap. | BagHEs oxidationstepgrasysid figstt o a
preferred enbodi weméh okide3¢6 pritls & Bimallnsomiticlied, "birdfssbeakr BTZ.NBgXi dat i on

grows an approxifm&ﬂak%% g&%&ﬂ% &*}L&i&@:@%ﬁ%&ﬁﬁﬁg%ﬁ%@% 17, the KOKusai

Vertron Il vertjc usi on furnace at approxi

utilizing an oxf&@ﬁ?ﬁﬁ@%i‘%ﬁ)#ﬁ CERE ‘Eﬁ‘b‘g%?ﬁ]‘ﬁtgé?? Mepd-t o

dq er r][ _equi val tenA;iclitionally, any danglireg htgdﬁ Eﬁeﬁonaﬂeafédichgattme pr eﬁent
invention, is C : C ch.
According to a 8“5@??@%? from b}&%glo |mant°§c?)l1}&t gfogr esﬁé(;n!fdgi. nve f!gén trench
310 i s exposed t séox;datxonssé%n'grmé orming the hreker; bandsytay iogideci o
(HF). As shown iis thought tbilglp eedice trdrsistoxleakage anedntwetccetdihgtemoves first

25 the oxi de fropeierred Epftuiment Bf hhitthChietEion 3l Heh Bl Gchlbns Vel

surroundi ng tren@PWRR aﬁngxm&efy%[&%}%\g}}i& ’rgi\/%‘iaigl'é’ﬁiqeéﬂtﬂ/es the bird's

beak fornmed durikgkusaé Vertron Ilivesticaleliffasioh/foriagea at appsiximpately 920fC€ agai n

expose trench cogmesi . ;T I noves an
in i oy DERSIRRA Y 8 0B Bimi v e

approxi mately 20QA of: oxid was not renoved
during the fi rstB?regﬁt‘f‘?lency' wet etch (total of 500A laterally is
renmoved). Like the fiThet nextestephansirding to thetpriasent invendioin, &f ta dgposecond

trench wet etch iréndh031066%Pdechi® tiRAER W efth. Accordit 'bbdca efithsd rate 300

=

2] et L0, oot ek Segbhend 3 e et B HRRL renen 3106 Syl o533 OoCr 1"

preferred embodisesemrd wetetch ¢omaprising ihydeofluaric acid (HF). As shown in
Figure 3e, the second trench wet etch removes first trench oxide 316
from the bottom and sidewalls of trench 310 as well as the oxide from
the top surface of silicon substrate 300 surrounding trench 310. The
second trench wet etch removes the bird's beak formed during the
first wet etch/oxidation steps to once again expose trench corner 312.
The second trench wet etch also removes an approximately 200A of
additional pad oxide 302 that was not removed during the first trench
wet etch (total of 500A laterally is removed). Like the first trench wet
etch, the goal of the second trench wet etch is to reveal the portion of
silicon substrate 300 adjacent to corners 312 so that a subsequent
oxidation can occur in two dimensions allowing for further rounding
of corner 312. In a preferred embodiment of the present invention,
the second wet etch is carried out in a 50:1 H20 to HF solution for
approximately 280 seconds followed by a rinse in deionized water.

The next step according to the preferred embodiment of the

present invention is to oxidize trench 310 a second time to grow a



the second wet e
approxi mately 28

The next step according to the preferred enbodi nent of the pr esent
invention is to oxidize trench 310 a second tine to grow a WO

97/ 14175  wo 914175 _ Peéridaiifisin 281

- 10- second trench oxide 318. The second trench oxidation step grows
an approxi mat el y 400-500 angstrom thick oxide on the trench sidewalls

tch is carried out in a 50:1 H20 to HF solution for
0 seconds followed by a rinse Tn déioni zed water.

and on the top surface of silicon substrate 300. Because the portion of

silicon substrat
oxi dation step f
beak." The secon

angstrons of oxi decondetremair ordde 338.2 Thé secomictrerichOoxiflation stepgrowsmmt ed t hat
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tjon preferably formas agproximately 40G500 4 £ | |
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According to a p
is first filled,
oxi de | ayer 322
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(feRh oteten a0 ubnima) yan o, the Do sideall
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Fi gure 3h, deposittaagistoargeAgording ton-priefarreshmethod of the presemddnwentiorsn ar gon

sputter etch. Du
oxi de | ayer 322
corners and side

) ) o . 5000
ﬁ%?ﬁ?l%ﬂagﬁoﬁg rae%lﬁalnf)x‘frt Eo i i |§glt52£§%$ and 2

Z1.N t, A
EPTREFS, it §6,2156 proviiFs  clean dayed berwea silison pybstzate BA0
@5d a subsequerdly deposited dreachifililagem pl asma in a AVAT
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tiengh BIG is Atk MledCA thown in FRiRs 8% Wathadn/ agieRiRitely)
ggq@gﬁgﬁﬁﬁﬁger3226%%&&9&%9%&%%1oé@?éﬁ%éﬂ%ﬁ&é?ﬁ&ﬂaéﬁﬁné>
trench 310. In a preferred method, oxide layer 322 can be formed by
plasma enhanced chemical vapor deposition (PECVD) in an AMAT
5000 single wafer machine utilizing tetraethylorthosilicate (TEOS) and
O2 reactant gases. Prior to the formation of oxide layer 322 it may be
desirable to expose the trench oxide to a nitrogen plasma in a AMAT
passivation tool. This preconditioning step is thought to help prevent
the formation of dislocations in the silicon by transforming the
surface of the trench oxide to a oxynitride.

Next, shown in Figure 3h, deposited layer 322 is in-situ sputter
etched with an argon sputter etch. During the sputter etch,
approximately 400A of the top oxide layer 322 is removed.
Additionally, oxide sputtered off the corners and sidewalls of the
trench is redeposited 324 in the lower corners of the trench. This
sputter etch improves (decreases) the sidewall angles of the trench and
also rounds the corners 323 of oxide layer 322. Both the rounding of
corners 323 and decreasing of sidewall angles enhances trench filling.
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trench is redeposited 324 in the |lower corners of the trench. This
sputter etch iopraves (decreases) thg-shdowall—angl es of—t+he—trenmch—and
al so rounds the corners 323 of oxide | ayer 322. Both the rounding of

corners 323 and decreasing of sidewall angles enhances trench filling.

WO 97/ 14175 -
PCT/ US96/ 15WOP14175 PCYAIS6/15281  Next
a second PECVD oxide |ayer 326 is deposited over sputter etch oxi de

| ayer 324 to thereby conplete filling of trench 310. Second oxide

| ayer 326 nmust be at |east thick enough to fill fromthe bottomto the

top the widest trench fornmed in substrat (_911300. Second oxi de | ayer 326
is preferably formed to a thickness of approxi mately 5000- 7000A by a

PECVD proce Al chi £ | ource
gases. IoAt t?\?sl {}ﬁ%ré %"8@0‘9&% I‘g%{a&éﬁ %i%ﬁ E@e&é%ﬁga Fg >o0
met hods wel | knowide layend24ia therehyeeomplptedillingiaf dreneh 338 Pegoadso:

and 326. layer 326|xhu$t5bé & lh@st&n&kwgﬁdotmaﬁoﬁt h@rbdwnk tdﬂﬂ&VVn

mat eri al s and fd '
desired. The de ptogtﬂc‘%%ggsqq 33%’ %g&guﬂ%%geé& ) ?P%IHP %Ost?gcause
such a method cdppreferably farmedntoya M“G’éﬂrﬁﬂ@%‘ﬁl‘mﬂﬂb’l 0078004 &Y ®ensi onal
trenches across REEGVD processlifi arCEMAT 500Ginachinetiitiizing TEGSiand Qaps or voi ds

326 and 324 SO ﬁﬁé r#?é}*?ﬁ% 1 bsired, o SRR PR BBl By 025 e

| ayers 326 elhgds avelk mmﬂse antso densify depositedanddmlayers 323r m a
trench isolati Orhnd 326. structure with a planar topography 327 which is

substantial ly coplan I [ licon
nitride |ayer 304 | saé)rsetf’er aaﬁ‘%r&&aéd thg‘g&ge* %e;%bq&gﬁ(aggg% 5§{j| ng the
cheni cal nechanitegthogelogisti g t@fused to filhiregeh :PHEI’éld@S’@? -3%he dgp-etsiB. That is
the preferred e ais, hbweber, is preferpidbbevatisé s nthad tdrt zes a

pol i shing proce E% | ilicon
nitride. BecausZ‘ﬁl ﬁﬁg a?? Em{s&%ﬁ‘éﬁﬁﬁ sYx'Fﬂl q menstx&!aq)ﬂ%%gl Q@r?’g% e ?han
silicon nitride %{;m aa F%Ié’“th@ﬁt %PﬁggaBQ?" ypidsifBerein.  tench

i sol ation struct ure Next,y43i shokiryinsFigah 3jydémnired estideclagers 1326 hadtaag

w

surface of sil ' %&J gxl\é’&x%hxc%ﬁg %ﬁ&%@bﬁéﬁ?{o &9&6& ﬁaﬁ 1%)‘5 X5 |
krown and suit o CHBCLTENAL L BB G Do R

chem cal nechan |st:a1|cttp'elwsl|n rplanirt tbpagiaphy 321 vahizMip sk bssdraiallgrebplanar
with silicon nitride layer 304. Silicon nitride layer 304 is preferably
used as a polish stop during the chemical mechanical polishing of
oxide layers of 324 and 326. That is the preferred embodiment of the
present invention utilizes a polishing process which is more selective
to oxides than to silicon nitride. Because oxides 324 and 326 polish at a
faster rate than silicon nitride layer 304, the top surface 327 of the
trench isolation structure is typically slightly recessed beneath the top
surface of silicon nitride layer 304 due to over polishing. Any well
known and suitable chemical mechanical polishing process, however,
can be used in the present invention such as, but not limited to,
chemical mechanical polishing with a Westech 372M polisher and a
slurry comprising potassium hydroxide and silica. Although
polishing is preferred because of its excellent planarity, other well
known planarization techniques such as etch back, may be utilized to
remove oxide layers 326 and 324 if desired.



slurry conprising potassi um hydroxide and silica. Al though pol i shi ng

Is preferred because of its excellent planarity, other well known
pl anari zation techni ques such as etch back, nmay be utilized to renove
oxi de layers 326 and 324 if desired. WO 97/ 14175
- PCT/ US96/ 15¢%lo7114175 . o pCiAisosnsam1
The next step accordlng to the present invention is to renove silicon
nitride |ayer 304. Preferably pad oxide |layer 304.is used as an etch
"stop for the silicon nitride renoval step. Silicon nitride | ayer 304
can be renoved using any well known technique such as etching with a

hot phosphoric acid. The nitride etch reri#es the nitride fromthe
active regions of silicon substrate 300. A small fraction of pad oxide
302 and CVD oxi des 32theaik: Sfp merdmguueﬁe@uéseﬁgxﬂmtmntxs itélgemove I enoval

| b d
;SE]'? g substsmft txgb'gi es,a&% %fe?%b?%ﬁ% (?&ééh%g‘dor ad‘ggéf E?ﬁr egh(r)r:a de
vol t ages, ei¢h: stopfar the EFBC‘I’%WF“‘QOE“W#I S@US%'@:%I‘WI e daster 304 con

sabstralge 303 can b beltemcv@dl iieRE ahbdhkfown technique sucmwb:ghatgcmﬁ: ng to
e preferred e nt j,on ayer
302 is stripped q‘ﬁ(gtrﬁ‘?ﬁtphgkﬁ allﬁ ?ﬁg@%oet{:%rérﬂxges% gg& frcé , bare
silicon surface astize regiensief silicon shstrate 360. A qm,qjhfractxon ofpad pxidlee 300. Pad
oxi de | ayer 302 302 andeCVDodidless326atl 3amarenetribved dliring the nitrtdle di p f ol | oved

by a standard cI a{g% HF dip etches off all of the t hermal pad

oxi de (appr oxi mat e y fromsilicon substrate 300, but only a
mini mal anount (appr X tHis dme, Yarioys BRplapts %IU%)AOBF‘SWE‘I%HG made ingQ de

f ormed over trermbstr@serﬁﬁﬂxﬁlﬂdeﬂtoﬁosrrtﬁehsaﬁdr st thedshoRl eoliages, be

Laken not Lo OVShELPA ks B Rat o tdp: gfm&ggﬂgg?@abéugatgsade a

portion, about renc orned ddring
trench oxidatio urmg these implantaf t er the renpval of pad oxide | ayer 302,
silicon substrate 30Néq, according lte 3he grefarted reefbidinterDof theepresentat i on of a

o o B i g PSS et BRI, T,
t echni que, such &posea ceageg%r,e,syé@n, %‘ CS':""Ie‘étt getiys regions pf Qﬁ ichis
assigned to the smbesaet300. Pad oRBlei lgyerc02 ds preférablytercied ayes withchShib
described in co-ReRE) fdliowed by a standard clean. The HF dip etches off all of the

thermal pad oxide (approximately 100A) from silicon substrate 300, but

only a minimal amount (approximately 1504) of the 500A of trench

oxide formed over trench corner 312. It is to be stressed that care must

be taken not to overetch during the pad oxide removal so as to leave 2

portion, about 300A, of the trench oxide bird's beak formed during

trench oxidation.

After the removal of pad oxide layer 302, silicon substrate 302 is

cleaned and prepared for the formation of a clean high quality gate

oxide layer which is approximately 50-75 angstroms thick. Gate oxide

layer 328 can be formed by any well known technique, such as

described in U.S. Patent No. 5,244,843 which is assigned to the present

Assignee, or other techniques such as described in co-pending

application entitled Manufacturable Dielectric Formed Using Multiple

Oxidation and Anneal Steps by Chau, et al. filed on and given
Serial No. , and assigned to the present Assignee. It is to be

noted that during the growth of gate oxide layer 328, the thickness of
exposed trench oxide layer 318 also increases a like amount. The




application entitled Manufacturable D electric Forned Using Multiple
xidation and.doneal Steps by. Chavegimdde—dIited on and-g-rep—————=5eri al

No. , and assigned to the present Assignee. It is to be not ed t hat
during the growth of gate oxide |layer 328, the thickness of exposed
trench oxide |l ayer 318 al so increases a |like anount. The O

97/ 14175  WO971417S PCT/BRI6/162886/ 15281
- 13- result is the formation of a thin gate oxide layer, with a

t hi cker (approximately 3-4 tinmes thicker) trench oxide | ayer adjacent
to the gate oxi de | ayer. At this time, various well
known sem conductor processes such qﬁypolygate formati on and

source/ drai n dopings are used to conplete” t he fabri cation of adjacent

Join the | sol at edetiblihedgngstion of a thincgate PRREIPEA MR S BfTed of rou t

such as a ni cr oplepprsximately 3-4 txmesrﬁucqu) trenclcoxide layer ad)acent tolthe net hod of

the present inve r.2 high density trench isolation structure
ga é)&u 9

wher ei n source/d e current is substantially reduced, The
| eakage current has bé‘érf %@eﬁaﬁl‘iﬁ‘r‘%ﬂ’ﬁﬂ known semicofductor %Bﬁeéé%ss”r‘{@ "etch"

and "oxi dation" ssgoiygate farordiontand sercdy drain dopingsiere Gded tansbnipleteor m a
smal | control | ablgge mursta&oh%alad a%ew&amsmrs Nekt, %Eiﬂ‘k:‘i&&ﬂer s 312 reduces
the high electric field rrget ¥1 matgg t] g gncorners
reduction in el eé’?ﬁef‘é’“F‘F'é'i’ l:ﬂ"’r?éraé'eé‘f rt%é‘?}eetge isolate $2a18age
current of adj acémto albwatiosal indegratedneitdujt such asmnncxbpedrleysor or fornming a

smal | bird's beal&,&){g%gg{,ﬂ@rs 312, the result is essentially a

thi cker gate oxide |ayer oy car |ncr aS| ng t hi ckness of
the gate oxide |ayer ﬁrm%t ﬂ@? tgizpre q‘i‘é’%%é‘é’l" | gg\c‘?%é'yt he gate
oxi de | ayer in t itenchisolation ehcnmorvﬂmrgml spurmzl’mw llegkaget ¢urgenitrisa furt her

reduction of the s{xﬁﬁkﬂﬂﬂlyﬁw&ﬁgﬁi froe l@élda%ﬁ%ﬂheﬂ?l(b&@éen reduced throughA| t hough
the preferred e

d
nul ti-step wet g?}g?'nIugéin%ﬁ‘t’?&fﬁ”%t“ﬁﬁcﬁ“‘&xﬁ”ﬂéﬂl% SteRs I ’c'fﬂ‘g‘é e tre’t“g‘ round
trench corners 3torngndl2 gnddatfern asnsll conmeliatle birds beakk Riunding

ex pected that ongreaan cuﬁtérs 3132 pézmce@me 1ga‘ htél&tﬁ& BRI h8FMM P a&vBiatddPW 1 0
o o o ol B i & ot P T s S e
e leakage current of ad}acent devices. Additionaily, by controllably
forming a small bird's beak over corners 312, the result is essentially a
thicker gate oxide layer over corner 312. By increasing the thickness of
the gate oxide layer over corner 312, the electric field across the gate
oxide layer in this area (trench corner} is reduced resulting in a further
reduction of the leakage current for adjacent devices.

Although the preferred embodiment of the present invention
utilizes a multi-step wet etch-oxidation-wet etch-oxidation technique
to round trench corners 312 and to controllably form a bird's beak, it is
expected that one can utilize portions of the preferred process flow to
obtain some corner rounding and bird's beak formation to reduce
transistor leakage current. For example, one can eliminate the first
trench wet etch if desired and utilize only a first trench oxidation, a
first wet etch followed by a second trench oxidation to round corner
312 and to grow a small bird’s beak. Such a technique is expected to
obtain some of the benefits obtained with applicant's total process and
thereby reduce to some degree the leakage current. Additionally, if
desired, one can utilize only the first trench wet etch followed by a




trench wet etch if desired and utilize only a first trench oxidation, a
first wet etch followed by a secormd trench oxi datTon to round cor ner
312 and to grow a small bird' s beak. Such a technique is expected to
obtain some of the benefits obtained with applicant's total process and

-t her eby redtwg,;,p“?borre degree the | eakage current. Additi oﬁ,&g,gn't{;,a

desired, one can utilize only the first trench wet etch follo
WO 97/ 14175 .
"PCT/ US96/ 1528l -14-

single trench oxidation step to obtain sone corner rounding and
gromh of a birds beak to reduce to sone dpgree the | eakage current.
Additionally, it is expected that one could add additional etch-

oxi dation steps Fsbﬁ%leﬁf&%ﬂdiﬁﬁﬁdn@éph@bﬁiﬂn%@n&%ﬁ& R ding khaer
roundi ng and manﬁu thPlfm of,.tyench car negq 312.dHovve¥$r gguc
processes woul d PYER © ?5’Mdasd G ERUEH R SamY 5%1'8? %}e aglepﬂgrent.
Appl i cant has f oudditinpaily,itisexperteddhatontcald ddd additienal etadh-

oxi dation proces pxiatidhestBpe RNV Bibse HendiBE herein {d\GbRITESRA further

i nvention provides the nost_econonj.cal |y manufactu I cont ouri ng of
trench corner 3lf°3ﬂ€l ﬁW@P xpgé){ébeé\c@mm§ﬁgrﬁowever,ﬁggﬂf acturing

pri ce. processes Wouldseiferi fngmsarsiitibhalatosband pher tireeghpon has been

gescr i bed bm;;;bl_idéaai aatehmt d ehaARRE nove) ﬁé?@%%ﬂd&iﬁd}flwﬁ%f&s- I't \t')“ I,
owever, e _eyiden at _variou i fications changes may be

made t her et?&“ tt%oﬁoca%sp%frﬁffde%%%%d?ﬁ. o‘g‘lﬁ’?}%‘gé’f?@%?ﬁs@gnd scope of

t he i nvent ilpyentisy peeiges dhe niast ecenemicallyymanufagtyrableot expected to

be l'i m t ed coftdutingloMantloasmensT2 hhé abdictittssf lebiethe®irfdrit foRat her

escribed her o1 n PG BBHATHRCPIREorml | or tonch | 01 at i on 1 agi ons. The

speci fications and dr 3ithe forggeingcperificatiey. the ineentingahascheenrdescribed

illustrative rat Rejth rbRfertte 18 Spetifit iexempit§embodiments. It will, however,
be evident that various modifications and changes may be made
thereto without departing from the broader spirit and scope of the
invention. For example, the present invention is not expected to be
limited to the dimensions specifically described herein. Rather, it is
expected that one can simply scale down the specific dimensions
described herein to obtain even smaller trench isolation regions. The
specifications and drawings are accordingly to be regarded in
illustrative rather than a restrictive sense.
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CLAI VB W claim 1. A nethod of Tormifg &
isolation region in a sem conductor substrate conprising the steps
of : form ng an opening in said sem conductor substrate;
oxi di zi ng sAYIBWH ng a first tine; RCEPSHI2AL ¢
.oxi di zed openi ng; and oxi di zing sai d opening a second
tinme. 2. The nethod of Claiml further conprising the step
of after form ng said opening and before oxidizing said opening said
first time, etching said opening vm'_?% a wet etchant. .
The nethod of Claim1l furt her conpri sing e step of depositing an

oxi de layer in s trench. 4, The nethod of Caim
3 wherein said s ting sai d oxide |layer conprises the steps

of : depositing a first oxide layer into said oxidized
trench; We claimputter etching said first deposited oxide |ayer;
and depositing a second oxide | ayer over said sputter
etch first oxi de I ayer. The nmethod of Claim3

further conprising thelst & mgthod of f%‘i“ﬁfﬁ’h&"?&l@ xegigosin @d oxi de |ayer to
forman isol ati osentie@hddctit §iibstrate complising' the WrdpRCet:

forming an opening in said semiconductor substrate;
oxidizing said opening a first time;

etching said oxidized opening; and

oxidizing said opening a second time.

2. The method of Claim 1 further comprising the step of
after forming said opening and before oxidizing said opening said first
time, etching said opening with a wet etchant.

3. The method of Claim 1 further comprising the step of
depositing an oxide layer in said oxidized trench.

4. The method of Claim 3 wherein said step of depositing
said oxide layer comprises the steps of:
depositing a first oxide layer into said oxidized trench;
sputter etching said first deposited oxide layer; and
depositing a second oxide layer over said sputter etch first
oxide layer.

5. The method of Claim 3 further comprising the step of
polishing said deposited oxide layer to form an isolation region with a
planar surface.
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6. The nethod of Claim1 wherein said etching step utilizes a wet
et chant . 7. The met hod of Caim5 wherein said wet etchant
- conprises Hgoemarrs 8. The nmethod of O aim 1l Wheugighosidash first
oxi di zi ng step forms an oxi de approximately 150 angstrons thick.
9. The nethod of Claim1 wherein second oxi dati.on step produces a
final oxide thickness of approxinmately 250 - 500 angstrons.
10. A method of form ng a shallow trench isolation structure in a
silicon substrate, said nethod conprisingléhe steps of:
form ng a pad oxide layer on a silicon substrate and a silicon
nitride layer on saig pad The setHodysf Claim 1 wherein said etchingSiteputidizés t r ench
in said silicon mtnﬁg\a yer, said pad oxi de layer, and said silicon
substrate wher ei h L€ PPEnch has sidewalls in said silicon
substrat e; exposing said trench to a wet etchant
conprising HF so as 7, THe RetHdAPYRT]a8mP Whieféin QhidS dlelefBdnExi de from
beneath said silicon. HF nitride |layer to thereby expose a portion of the
top surface of sEqmPTIses By i con substrate; and
oxidizing said trench a first tine so as to grow an oxi de | ayer on

sa: d trencg tSI dtevval | 8. and THe methbdd SVERiAd WBrd?@%&xﬁ%sPBx»?géx? step
silicon substra aim urt her
conprising the s@’éﬂ’soﬂ‘" oxide approﬁ%at%g}%@laﬁ%tégxgsﬁgﬁch fill material into

said trench to fill said trench. The net hod of
Claim1l wherein said steprief métRbos CRIm 1 wheréiﬁlsdcdﬂoeaﬁaaﬁbh Istepat eri al

conprises the st Sxpodu% ¢ a final oxide thickness of approximately 250 - 500 angstroms.

10. A method of forming a shallow trench isolation

structure in a silicon substrate, said method comprising the steps of:

forming a pad oxide layer on a silicon substrate and a
silicon nitride layer on said pad oxide layer;

etching a trench in said silicon nitride layer, said pad
oxide layer, and said silicon substrate wherein said trench has
sidewalls in said silicon substrate;

exposing said trench to a wet etchant comprising HF so as
to etch away a portion of said pad oxide from beneath said silicon
nitride layer to thereby expose a portion of the top surface of said
silicon substrate; and

oxidizing said trench a first time so as to grow an oxide
layer on said trench sidewalls and on said revealed top portion of said
silicon substrate.

11. The method of Claim 10 further comprising the step of:
depositing a trench fill material into said trench to fill said
trench.

12. The method of Claim 11 wherein said step of depositing
said trench fill material comprises the steps of:



o o A
| dyer afd

depositing a first oxide |ayer over said silicon nitride *

into said oxidized trench; sputter etching said first
"deposi ted oxide |ayer; and depositing a second oxide

| ayer over We%M4YStter etch first oxi de layer in sEFEUSYMSE and on
.said silicon nitride |ayer. 13. The nethod of Claim1l
further conprising the step of polishing said trench fill material to
forma shallow trench isolation structure with a planarized surface.
14. The method of Claim9 further corrp[f'7§i ng the steps of:

after oxidizing said trench a first tinme and before depositing said

trench fill material, etching.said.grown i I S | a wet
et chant conprising HF; ‘anaep’gszf?n.g-a fQ'Stomd%ay%?(?f%%[}flﬁgmgnt%ﬁl‘& a second
time. layeriand into\saidtaxidized tfepekvi ng a trench isolation region in a

silicon substrate conpri sim@tdriechiagBsiddirst deposited oxide layer; andf ormng a

trench in said silicon Suﬁgé]és?ﬁr?g'asecond oxide layer °Veruﬁq‘glr§8§fté’%1&gh?ir&i rst

oxide layer into said trench o s.g, rng said first
oxi de | ayer; ancPxide layer in said trench anggrneid siiron nigidmiayesi de | ayer into
said trench over said sputter etched first oxide |ayer.

at’ier formng sai d (Pench RAnpd BE GRIA Hillel BinBhiffg, Re sp of

| ayer, oxidi zi ngpodishing saighdrenghfill materialgo form a shallow trench isolgtiemi ng sai d

oxi di zed trench sghicture With agileharfsedpsurficeg HF; and

oxidizing said trench a second tine. 17. The nethod of O aim
15 further conprising the_steps, of: . .. before formng said
trench, forming a pad oxi d8e mgrhed 9f Claim 9 fygthgr S?IF‘PE’EW&@BSSF%@?

after oxidizing said trench a first time and before
depositing said trench fill material, etching said grown oxide layer
with a wet etchant comprising HF; and

oxidizing a trench a second time.

15. A method of forming a trench isolation region in a
silicon substrate comprising the steps of:
forming a trench in said silicon substrate;
depositing a first oxide layer into said trench;
sputter etching said first oxide layer; and
depositing a second oxide layer into said trench over said
sputter etched first oxide layer.

16.  The method of Claim 15 further comprising the steps of:
after forming said trench and before depositing said first
oxide layer, oxidizing said trench a first time;
etching said oxidized trench with a wet etch comprising
HF: and
oxidizing said trench a second time.

17.  The method of Claim 15 further comprising the steps of:
before forming said trench, forming a pad oxide layer on
said silicon substrate;
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forming a silicon nitride |ayer over said pad oxide |ayer; and
after formng said trench and before depositing said first oxi de

© layer, wet whohfigssaid trench a first time with a wet et p8iMSos/15281
conprising HF so as to etch away a portion of said pad oxi de beneath
~said silicon nitride layer to thereby expose a portion of the top surface

of said silicon substrate; and oxidizing said trench a
first tinme so that to grow an oxide | ayer in said trench and on said
reveal ed top portion of said silicon -18-substrat e. 18.

The nethod of claim 17 further conprising the steps of:
after oxidizing said trenfotmdng arsilicon nitridelagebedarsaid pad oxitkplayet;i ng sai d

first oxide Iayg;.l etching said oxidized trench with a wet et chant
conpri sing HF; 8 oxi dj éi“a sal d trench a_second tine.
19.  The et hod of d ai ntfigr formingsaid sieach dapopitingrsaid first

pol i shing sai d ssideridyerivets etching saiddrerwhch ﬁmtﬂmwﬂﬂu&hwet etchirig r st oxi de
e oo cPiripr{sfll FIFlSl) %' bwhp a iRt of L8 HAd oxide béRANA! ! ON

structure which 1s ant 1 al | §[l1ar W't nrtride
| ayer. said s} Beon nitride %@fl‘i‘b gt WWMTQPP%@%%W’@‘WQ t he
steps of: of said sxhconsubstzafd,andpol i shing said first and second

deposi ted oxi de |2y gtz ggmup&.cgaa s%gdecgzng{aﬁsgﬂogv'aﬂyo%d@nd sai d

pad oxide |ayer so sai d
second oxi dat i oRR¥Erdp said trench and on said revealgd tpp poation of said ﬁ*n'@c%‘ shal | ow
trench isol ati osubstrate. structure in a silicon substrate, said method of
conprising the steps of: form ng a pad oxide |layer on said

o) Lcon substrate ang a g 1 Shbh SRS ! ASee Sy o bk B35 8K O
after oxidizing said trench a first time, and before
depositing said first oxide layer, etching said oxidized trench with a
wet etchant comprising HF; and
oxidizing said trench a second time.

19. The method of Claim 18 further comprising the steps of:

polishing said second oxide layer and said sputter etch
first oxide layer from said silicon nitride layer to form a trench
isolation structure which is substantially planar with said silicon
nitride layer.

20. The method of Claim 19 further comprising the steps of:
after polishing said first and second deposited oxide
layers, removing said silicon nitride layer and said pad oxide layer so
as to leave a bird's beak formed during said second oxidation step.

21. A method of forming a shallow trench isolation
structure in a silicon substrate, said method of comprising the steps of:
forming a pad oxide layer on said silicon substrate and a
silicon nitride layer on said pad oxide layer;
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etching a trench in said silicon nitride |ayer, said pad oXi Fayeér,
and said silicon substrate wherein said trench has sl oped sidewal | s
“in said silicon substrate; exposing said trench to a first
wet et chant WOdH3#178i ng HF so as to etch away a port FGRUSPSASHYY pad
.oxi de frombeneath said silicon nitride |layer to thereby expose a
portion of the top surface of said silicon Substrate;

oxidizing said trench a first tine so as to grow a first oxide | ayer
on said trench sidewal | s and on said reveged top portion of said

silicon substrate; etchiré#sajd first grown oxide |ayer

with a wet etchant onprising. HE.s0..a8 tQ, I ve id fJ gr own

oxj de | ayer from said etcﬁmg_sﬁ el és‘ahaﬁ?ﬂ W’ﬁ"gf#cqu%fnggfir%a% é%ilaﬁ top
portion of said layen end said silicengithstrate whergin said trench has slopedyxj di zi ng sai d
trench a second gidéRaliPintsaid ilibA\suBstsaeond oxi de |l ayer on said

trench sidewalls and on idto | f i i 1Lecon bstrate;
depositing a first oxi dgﬂ%i%sa&/gr%a?&?%agvﬁs_%Sﬂetﬁll’?I}ti cc?i"‘frg)l/%% Pﬁy % and
into sai d oxi di Asdoteténaway a portion of said pad exde fiom bergath gaidailicom r st

deposi ted oxide ﬂiﬁ’Y&{Ia?rertothereby expose a§RPE6H bf (e RpSUPARE opxdide | ayer over
said sputter etchl.fl rs oxidé layér in said trench and on said

silicon nitride TASRSSubsgte pol i shing said second oxide
| ayer and said sputter @xidizing sajid trench a firgt timel s@asrtofgrom asfirsg oxide con
nitride |ayer sqapér éwsdilrrenthisidigdlls and on ssidl revbsled sép pertsreofdtigh is

substantially plgpan, étﬁasﬁ%ieq silicon nitride | ayer.

etching said first grown oxide layer with a wet etchant
comprising HF so as to remove said first grown oxide layer from said
sidewalls of said trench and from said top portion of said silicon
substrate; and

oxidizing said trench a second time so as to grow a second
oxide layer on said trench sidewalls and on said top portion of said
silicon substrate;

depositing a first oxide layer over said silicon nitride layer
and into said oxidized trench;

sputter etching said first deposited oxide layer;

depositing a second oxide layer over said sputter etch first
oxide layer in said trench and on said silicon nitride layer; and

polishing said second oxide layer and said sputter etch first
oxide layer from said silicon nitride layer so as to form a trench
isolation structure which is substantially planar to said silicon nitride

layer.



