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requi rements to METHEDWS FORMINGESHADLOW TRENCHISOLATIONSIRUCTWRESNt
oxi de thickness for isolation. STl acts to isolate transistors 1n an active
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However , STIP&Y, §8i res a planarization procedure that increases the process
conplexity. Since STl electrically 20 isolates active device regions, it
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silicon di O&ﬁja?)él&)pig fills the trench. The top surface of the silicon

substrate 1 Still covered by a thin pad oxide |ayer 110.
Several steps within a conventional manufacturing method for forming STI are

30  shown in the schematic cross sectional views in Figures 1A to 1H.

Prior to Figure 1A, a thin layer of pad silicon oxide is first grown on a clean
silicon substrate. A thicker Silicon Nitride layer is then deposited by Low Pressure
Chemical Vapour Deposition (CVD), on top of the oxide layer. A patterned active area
resist is formed atop the Silicon Nitride layer. The nitride layer is subsequently

35 patterned and a trench is etched through the oxide layer into the silicon substrate,
according to the pattern in the active area resist. The depth of the trench depends on



. A wet etching process is used to renove the pad oxide |ayer 110. During
this 15 process, recess areas 112 are forned at the top edges of the trench
. 104 and plug 108, as shown in Figure 1 B. A layer of sacrificial oxide (not
shown) is then grown on top of the subst;ﬁte 102 and plug 108. This is
foll owed by steps such as well inplant and Vth inplant. The sacrificial
oxide layer is then renoved by wet etching, |eaving the trench structure 20
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recogni 28d. The psoblsbawi sn Bigdrec$B dhle Ippd fodideiatching pleb weddtécamallbwyrecesses ween
the pad oxi qu%%Né%A 1O 168 fietnk PLAER 1@2%%%%%&8&%‘?9.1bb.”ﬁ{es%ggeastsgé’”
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oxi de | ayer ersistiis the futhee steps randcdiainggmly silicdredibsiti are dilled skitbipply silicbn.
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| sol ati on ( $a¢gsses fl UZtAx 2 esuthi tbl trener tdhmagbedeft itk atstrraet bbpdly siiddnelldat e
at | eastnsong.: I Lt th I ri. . According t

aspect l(?P t @'sga;se@grvl\{n hﬁ@é’ﬁ‘?} cg){@e pt?té’p'é‘bi :“ gér'ﬁ)%“ edﬁ%{y'ﬂé%h%%}eg g}eaggéégﬁcrji ng
t he for mati ethesfprafiems eadingdachicuitfailue ioopostpamormarse, t he met hod using a
structure conpri s§ng.: r i i N 1 de

| ayer on the sub?’th;éa?%éagﬁg% %Ira] rgéﬁesagép’“éggga&% utbé%l?%gtthg%{h ﬁ{gggﬁ?s%héﬁrtst\%éegop
of the oxi deacsondingt tor the density of the features, that is dense versus isolated. Thus, for

example in flash memories, which use STis, the active areas are more dense and thus
35  suffer from greater residue. Additionally, the flash part of a flash memory (as opposed
to the logic part) goes through fewer cleaning cycles than the logic part and thus the



. 30 having at | east one recess therein, the nmethod conprising the steps of:
depositing a spacer |layer on top of the first oxide |ayer and trench oxide
. structure, including wwthin said at | east one recess; renoving the spacer

| ayer, whilst |eaving sonme of the spacer jayer in said at | east one recess
as remmant spacer layer; and 35 renoving the first oxide |layer. According
to anot her aspect of the present invention, there is provided a 4 met hod
of form ng step height bt tiencthest (tha level udft theetserahpxidsi 108 tbeverttiehsilicari t he

fi d i id d i t.i | .th f:
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15 patterni e -silicon d gat xjde rs. spacer | ayer and
the first o%qb déé? |°53§$y)awtefd?>éﬁfe$§8?‘ﬁ° éﬁ‘?ﬁe@qa\/\g@gﬁ%élr%gg“ gﬁgggﬁggér anayer
i s preferablapprpliatedevelbyaCMPI rGahtactd al thes @penddup bpsbatacicetshihg.c Thenlllt r i de
or siliggn oxi-nitride, The [nvention al.so includes a method of, naki a
1 ash nafior Jretabls) fanrderbifed 6 S iebehiiieonidt dar iR orik pilEs ' 148
I ncl udes a $wevendiudhg costhetuatthing, the contdctraictneats reven furthep iirdol thecokides ¢08 di ng
to any of the,above nethods. According,ta further as t_of ..th resent
venti on, | i d0E BeBlE, 18T ABMAH ot Brigeh, ARRTE o pie STP" fiRé
conpri si ng: abneunettcontaxt cabh alsd rresuih in ADDe failutes t Othee poasiblexfaileresincludesir e
in the trench;, a ga (0)4] and poly-sjlicgn structure on the substrate;
and spacer ek R e {5112 CatadEubiel pnd AR PH Rl R Eef doleputpltat
15 Published US Patent No. 6,277,710 relates to a method of forming STls, in
which the problem of trench oxide grooving due to etch stop etching is recognised.
The problem is addressed by forming a polysilicon layer between the pad oxide and
silicon nitride layers and an extended liner oxidation layer to form a protective oxidation
overlying the polysilicon and pad oxide layers. This requires some changes in the
20 circuit design and increases the complexity and cost of the process.

Summary of the Invention

The present invention relates to a new process for providing Shallow Trench
Isolation (STI) structures which overcome or at least partially alleviate at least some of
25  the problems with the prior art.
According to one aspect of the present invention, there is provided a method for
use during the formation of shallow trench isolation structures, the method using a
structure comprising: a substrate having a trench therein, a first oxide layer on the
substrate and an oxide structure in the trench, with the top of the oxide structure
30 having at least one recess therein, the method comprising the steps of:
depositing a spacer layer on top of the first oxide layer and trench oxide
structure, including within said at least one recess;
removing the spacer layer, whilst leaving some of the spacer layer in said at
least one recess as remnant spacer layer; and
35 removing the first oxide |ayér.

According to another aspect of the present invention, there is provided a



. Preferably the spacer material is a nitride of silicon, for instance
silicon nitride 30 or silicon oxi-nitride. A further aspect of the
invention provides a flash nenory including a sem conductor structure above
or a plurality of shallow trench isolati structures, ones of which are as
above. Thus, the invention provides the possibility, when form ng Shall ow
Trench 35 Isolation (STI) structures, for exanple in Local Interconnect
Layer (LIL) noethod eSformihg shalioantrencd istdatipnrsttietusesaconarisintg the endtiogal efdhe firsdf

the trenches ositing silicon .5 nitrjide.ontg the oxide in the
trenches berSPetasve i b Risaddhasiagier S eRdec, a1 ef Description
- of the draw ngs Tneviding ensecondvaxide lzgef ontdail satestrate hed yitrideylagér on the
non-limtative e ana)l% with 5 reference to the acconpanying draw ngs, in
- which: Fi gursggo ] y%\rre schemati c draw ngs of process steps involved in
a conventi onal ndbomtng af trérehnthroygbhesid ewcohtesxide layed, aaldonitriler kAgéusES into
Figure 2 is a. c%efattic drawi ng indicating showng a prior art STI
structure iﬁagﬁsq_ﬁrgeio Figures 3A to 3C are schematic draw ngs of process
steps invol ved i roxalising thedvalls of ssid tremelt i on of form ng STI structures
according to an ogi nent . tai.led Description The present invention
bui |l ds on many oﬁm{?’ﬁghegﬁ%'b@‘?%ﬁ‘?%%oﬂp?fﬁu%”t%: ariucﬂ particular 15 Figure 1A
and the process pemoedg tige nitride Tder.ear| i er description of that process is
her eby i1§cor por at

d. f ' he descr,ipti f the.i tiqn.
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nt bet ween i
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growi ng1& | ayer qfatteming the polyl-silimon ched Jate axide lapersf t he substrate 202 and
trench oxi de 208 wi th ch st L1, 1, npl ant d.Mh. inplant. T
sacrificial oxi demeaipgggriiﬁerﬁ%f)tg%ilhsﬁ%xpﬁé?ny}sgelr iaﬁegﬁﬁ%g‘?ﬁ%wStq}\r’l‘grﬁ“ﬁ){etogaﬁﬁrch
oxi de 208 alTheaxghpcemaydnds pretamalily altdpiee ofa pitdide ofsilsbovior instakcaysili@nIAtride ar her
than sinply sﬁlﬁﬁﬂ“&i%riﬁge sacrificial oxide |layer 214, a further silicon

SITl ;

nitride (or con oxr-nitride) layer 216 is deposited on top of the
sacrificial oxidelhedyenti2n4isoyintlodesPa ewthodeofChaing: alflasia peororDapdsding any

LPCVD) ,,Th ' | ay: 4_i
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used to renwhellavhtrercitisolaliar struchye dempesing: 214. However, 35 silicon nitride

is a good etch stpoopipgieeterial. Were it has not been rempved, that is in

the trenches, it acts as'a spacer between the etching chenicals and the
siliconZ25 a trench in the substrate;

an oxide structure in the trench;

a gate oxide and poly-silicon structure on the substrate; and

spacer material on upper surfaces of the trench oxide structure.

Preferably the spacer material is a nitride of silicon, for instance silicon nitride

30  orsilicon oxi-nitride.

A further aspect of the invention provides a flash memory including a
semiconductor structure above or a plurality of shallow trench isolation structures, ones
of which are as above.

Thus, the invention provides the possibility, when forming Shallow Trench

35 Isolation (STI) structures, for example in Local Interconnect Layer (LIL) devices, of
preventing deep recess areas at the top edges of the trenches, by depositing silicon



. 6 dioxide 208 in the trench, thus preventing the recesses in the trench
oxi de bei ng nmade deeper. The resulting structure is shown in Figure 3B,
with remmant silicon nitride 218 in the recesses. The growth of gate oxide
220 and the deposit of poly silicon 222 fpllow 5 subsequently. These are
patterned, as shown in Figure 3C. The resulting structure differs
significantly fromthe prior art in that there is no stringer of poly
si l'i con renmditridggntorihe bxide inthe trenehesthefore ithe $agsificigl dxideoayariis remvedenmant s
218. The STI structures so produced are further processed into other
sem conductor structures, W t h particular use with |ocal-interconnect
~ layers (LI LSBriehbe fip@®ri es. The results of this enbodi nent of
the present 'nveweqnvérmshwﬁb{aha&hem%sm&%s HERLR o igHRCDartbiE, fifh L e
nitride acting as a spacer 1 n the recess areds nitri at S up
t he recebs deferancptetheraccompamyngdiayingssinavhich:15 There will be no poly or
oxi de residue th Acau - aj I e.
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al so remai n regthed ofrtbewantloreofdmmm BTl sthustures ascosdingvbr an embocmmehbr m of 25
corners between adjacent surfaces. The aimis to reduce destruction of the
trench contents, for instance by delaying the time to contact between the
etch cheni c&etalledDasgrptianench cont ent s, especially at the point of contact

bet ween the tren for

use during the fgil;h !a%eﬁ”ti’?% ﬂ&lf?%n\f/c\i/@{b‘rﬁgrﬂg | SOF}E?poSnm?t@hh@ résﬁp?ﬁfcn%gt hod
usi ng a 16t r Jiguwre el @ngrthgipnocesa pra¢adingite Tha\edariiprdesception ofhthakiprceas fi$ r st

oxide 5 | ay t : J he trench, with
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| east one recess! enovi n Re spacer a er eavl ng sone 8
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i solation structures conprisin aim1 and, prior sai d
deposi ting gog;glns[t@cgpégg 29B: Recesses 212 are present between the 'edges of the trench

and the trench oxide 208. As before, the structure of Figure 1B is further processed,

growing a layer of sacrificial oxide 214 on top of the substrate 202 and trench oxide

208 with such steps as well implant and Vth implant. The sacrificial oxide layer 214
25 becomes indistinguishable from the trench oxide 208 already in the trench.

However, as is shown in Figure 3A, rather than simply removing the sacrificial
oxide layer 214, a further silicon nitride (or silicon oxi-nitride) layer 216 is deposited on
top of the sacrificial oxide layer 214 by Low Pressure Chemical Vapour Deposition
(LPCVD). Thus the sacrificial oxide layer 214 is covered by the silicon nitride layer

30 216, including in the recesses 212.

This further silicon nitride layer 216 is subsequently blanket etched to remove it,
with the end point on the sacrificial oxide. However, the blanket etch fails to remove all
the silicon nitride from within the recesses 212.

A wet etch is then used to remove the sacrificial oxide layer 214. However,

35  silicon nitride is a good etch stopping material. Where it has not been removed, that is
in the trenches, it acts as a spacer between the etching chemicals and the silicon



. 15 providing a second oxide |ayer on said substrate and a nitride |ayer on
the second oxide |ayer; formng said trench through said second oxide | ayer
and said nitride layer and into said substrate; oxidising the walls of said
trench; 20 filling the trench with said i de structure; and renoving the
nitride layer. 3. A nethod according to claim1 or 2, further conprising,
after the step of renoving the first oxide |ayer, the steps of: 25

provi di ng a diadde 208 iddhé frgech, thust frevesitibg theareeesseb én thedrenioh @xidd defrigr madeir e
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_ nmethod accordi ng -[t%}? gwg%n %ﬁet%deepggggﬂ]ﬁ&ec%?%t, °(¥\ﬁ8g'e?'hc%29%rfg%°éﬁ‘

| ayer isb6a |sapsgquehtlpy Mhése de pdttedhdd, @8rshodh i .FighrasChoThe esxuiting neructurény

one of the pgecedi ng clai.ns, wherein.the trench 8 oxide structure.and
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10 9. A get hod of making a flash nenory, including the nethod of any one of

the pred8di MEBP8Ss. 10. A seniconductor structure including a structure

produced accor di rehetrestiltseof tisté batiodimennyf tha presbnciheeridn indualedhatl> 11. A

shal | ow trench isol ation stguctuce, ¢ouRr il SHPR RS Sinide HLAIS s 4 the
spacer in the recess areas. The nitride that fills up the recess areas
preventing any poly residue.

15 There will be no poly or oxide residue that will cause the Source
and Drain leakage (S/D) failure. Thus, in this regard, Source and Drain
leakage failure will be minimised.

The contact etch is prevented from further recessing the trench
due to the continued presence of the silicon nitride remnants, resulting

20 in IDDQ failures being reduced.

A single embodiment of the present invention has been described, relating to a
specific method of making STI structures. However, the additional spacer layer of the
invention can find uses in other methods of constructing ST structures. For instance
the spacer would also remain after relevant etching if the recesses were in the form of

25 corners between adjacent surfaces. The aim is to reduce destruction of the trench

contents, for instance by delaying the time to contact between the etch chemicals and
the trench contents, especially at the point of contact between the trench walls and the

trench contents.



an oxide structure in the trench; 20 a gate oxide and poly-silicon
structure on the substrate; and spacer material on at |east one upper
surface of the trench oxide structure. 12. A shallow trench isolation
structure according to claim11l, wherein-he spacer material is a nitride
of silicon. 25 13. A flash nenory including a sem conductor structure
according to claim10 or a plurality of shallow trench isolation
structures, ones of which are as defi n@UAIMSclaim 11 or 12. 30 14. A

shal  ow trench isolation structure constructed and arranged substantially
as hereinbefore described with reference to and as illustrated in Figures
3A to 3C of 1t he #cmetinpdioriusg chiringthegfermation oishaﬂdmtﬂerﬁcrmrlsmjammmmges Hiee
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providing a gate oxide layer on the substrate, the trench oxide structure and the
remnant spacer layer;
providing a poly-silicon layer on the gate oxide layer; and
patterning the poly-silicon and gate oxide layers.

30 4 A method according to any one of the preceding claims, wherein the spacer
layer and the first oxide layer are removed separately by etching.

5. A method according to any one of the preceding claims, wherein the spacer
layer is a layer of a nitride of silicon.
35

6. A method according to any one of the preceding claims, wherein the trench
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an oxide structure in the trench;
20 a gate oxide and poly-silicon structure on the substrate; and

spacer material on at least one upper surface of the trench oxide structure.

12. A shallow trench isolation structure according to claim 11, wherein the spacer
material is a nitride of silicon.

25
13. A flash memory including a semiconductor structure according to claim 10 or a
plurality of shallow trench isolation structures, ones of which are as defined in claim 11
or12.

30 14 A shallow trench isolation structure constructed and arranged substantially as
hereinbefore described with reference to and as illustrated in Figures 3A to 3C of the
accompanying drawings.

15. A method for use during the formation of shallow trench isolation structures,
356  substantially as hereinbefore described with reference to and as illustrated in Figures
3A to 3C of the accompanying drawings.



