23 May 20061 METHOD OF FORM NG SHALLOW TRENCH | SOLATI ON ST.
Technical Field of the Invention The present invention relad al | ow
Trench Isolation (STlI) structures and a 5 nethod for cr_eatlng them for
exanple in Logic and Local Interconnect Layer (LIL) Devices. Background of
the I nvention Shallow Trench Isolation ($Tl) is used as Conpl enentary
Met al - Oxi de 10 Sem conduct or (CI\/DS) technol ogi es are scal ed down bel ow the
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isolation between transistors at the expense of process complexity relative to its Local

156 Oxidation of Silicon (LOCOS) predecessor. STi significantly shrinks the area needed to
isolate transistors while offering latch-up immunity, smaller channel width
- encroachment and better planarity. STl is also highly scalable; the trench-fill
capabilities being the only major challenge to scaling. However, STI requires a
planarization procedure that increases the process complexity. Since STI electrically
20 isolates active device regions, it eliminates problems traditionally associated with
LOCOS, while enabling an active area with higher density. Additionally, the fiatness of
the resulting wafer enables more precise pattern definition for subsequent iayers.
As pitch lengths continue to be scaled down, the distance between transistor
active areas and STI side walls also narrows. Therefore critical regions such as
25  junctions continue to approach the more highly stressed regions at the side wall
interface. The abrupt transient edge region and the stress between the channel and
the isolation region have an undesirable influence on electrical performance and
reliability. |
Several steps within a conventional manufacturing method for forming ST 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 th_é active area resist. The depth of the trench depends on




reliability. Several steps within a conventional manufacturj %n%d%od_ for
formng STI are 30 shown in the schematic cross sectional Views 1 Figures
1A to 1H Prior to Figure 1A, a thin layer of pad silicon oxide is first
grown on a clean silicon substrate. A tt21| cker Silicon Nitride layer is
then deposited by Low Pressure Chem cal “Vapour Deposition (CVD), on top of
the oxide layer. A patterned active area resist is fornmed atop the Silicon
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15 process, recess areas 112 are formed at the top edges of the trench 104 and plug 108,
as shown in Figure 1B.

A layer of sacrificial oxide (not shown) is then grown on top of the substrate 102
and plug 108. This is followed by steps such as well implant and Vth implant. The
Sacrificiél oxide layer is then removed by wet etching, !eavfng the trench structure

20  generally as shown in Figure 1B again.

The growth of gate oxide 120 and the deposit of poly silicon 122 follow
subsequently. These are patterned and the excess poly silicon removed in a poly efch
process, as shown in Figure 1C (the gate oxide 120 being shown much thicker relative
to the poly silicon 122, than it is in fact in practice).

25 As is shown in Figure 1B, the pad oxide etching step creates shallow recesses
118 between the oxide 108 in the trench 104 and the substrate 102. These recesses
persist in the further steps and during poly silicon deposit are filled with poly silicon.
However, the poly silicon etch is incapable of removing all thé poly silicon from the
recesses 112. As a result, the trench 104 may be left with a stringer of poly silicon 124. _

30 This is known as trench oxide grooving. It can cause poly-gate current leakage and”™
other problems leading to circuit failure or poor performance.

The size of these recesses 112 and therefore the number of stringers varies
according to 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 =




A layer of sacrificial oxide (not shown) is then grown on t édé
substrate 102 and plug 108. This is foll owed by steps suc I mpl ant
and Vth inmplant. The sacrificial oxide layer is then reaned_by wet
etching, leaving the trench structure 20 generally as shown in Figure 1B
again. The growth of gate oxide 120 and Bhe deposit of poly silicon 122
foll ow subsequently These are patterned and the excess poly silicon
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oxide or nitridg,pjished 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 fayer to form a protective oxidation

overlying the polysilicon and pad oxide layers. This requires some changes in the

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
the problems with the prior art.

According to a first 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 th'e
substrate and an oxide structure in the trench, with the top of the oxide structure 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, although leaving some of the spacer layer in said at
least one recess as remnant spacer layer;

~removing the first oxide layer; and




spacer 130 is provided on either side of the poly structur the
silicon substrate 102. An undoped inter |ayer dielectric ( %f%

added as is an additional oxide (e.g. BPSG or HDP) inter |ayer dlelectric
(ILD) 134. This top ILD 134 is reduced to an appropriate |evel by CW,.
Contacts are then opened up by contact3®tching. The LIL netal is then
deposited to formlocal interconnect layer slits 136 and hol es 138.

However, duri ngvheoain atieast atpantion bhéhecberichcoxidd shu@aesremaits $ubstdnesilyi Nt o

t he oxi de sulting in abnormal contact between the
LIL and thégé?ﬁémfﬁpﬁm%{ﬁpgﬂﬁéfmggntact can also result in 1DDQ failure.

O her possi bl e Acadridingetoi andthere aspest wof cthe aprdsddt aihvertidh Dihdre d& ggevidad ment and
short circuit between adjacent transistors. Published US Patent No. -
6,277,710 relates to a nethod of formng STls, in which the problem of
trench oxi de grooving due to etch stop etching is recognised. The problem
is addressed by formng a polysilicon |ayer between the pad oxi de and
silicon nitride layers and an extended liner oxidation |layer to forma
protective oxidation overlying the polysilicon and pad oxide |ayers. This
requires sone changes in the circuit design and increases the conplexity
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 overcone or at |east partially alleviate at | east sone of
the problens with the prior art. According to a first aspect of the present
invention, there is provided a nethod for use during the fornmation of
shal l ow trench isolation structures, the method using a structure
conprising: a substrate having a trench therein, a first oxide |ayer on the
substrate and an oxide structure in the trench, with the top of the oxide
structure having at |east one recess therein, the nethod conprising the
steps of. depositing a spacer |layer on top of the first oxide |ayer and
trench oxide structure, including within said at | east one recess;
removi ng the spacer |ayer, although |eaving some of the spacer layer in
sai d at




| east one recess as remmant spacer |layer; renoving the fir [0)4 | ayer;
aﬁg 23 May 2006 3a wherein atpl east a portion of the trencf?‘%&?’ﬁ &).?tructure
remains substantially wunderneath the remant spacer layer. According to
anot her aspect of the present invention, there is provided a 23 My _2006 4
nmet hod of forming shallow trench isolatign structures conprising the method
of the first aspect above and, prior to said depositing step, the steps

: i di ' I . .sai d bstrate and a nitride | ayer on
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| ayer, sai daspect alteelamyiepriamd shidtdepositrigthtss, lass stap€or: oxi di si ggdt hfe\/\n/g{/: f]gOf

said trench; fillipg. the trench with said oxide structure;
the nitride | ayeJF'J.O[}'%WgI A S&CP %P”&%d@’@r &8p¥d substeate arelya BErds lBerden thaaf t er
t he step of secendokidgldyee first oxide |layer, the steps of. providing a gate

i de | ayer on t substrate, the trench oxide structure and the remant
apacer Tyer . or GUTEH iy vEAHS IO $0 Aererer s EYRE R Bl @y s and

15 patt er ni said sdbstrptet y- si | i con and gate oxide |ayers. The spacer |ayer and

the first oxide |l ayer are eferably etched away together. The spacer
| ayer is pref eraod?(%/ls"ég ﬁ?y‘@&rsd:ffsﬁ’ggﬁe\f{'?'?rde of silicon, for instance silicon

nitride or. silifitig te trene¢H witll€aid oxide structure; and
removing the nitride layer.
10 In either above aspect, there may be provided, after the step of removing the
first oxide layer, the steps of:
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
15 patterning the poly-silicon and gate oxide layers.
The spacer layer and the first oxide layer are preferably etched away together.
The spacer layer is preferably a layer of a nitride of silicon, for instance silicon nitride or
silicon axi-nitride. .
The invention also includes a fnethod of making a flash memory, including any
20  of the above methods. Another aspect includes a semiconductor structure including a
structure produced according to any of the above methods.
According to a further aspect of the present invention, there is provided a
shallow trench isolation structure comprisihg:
_ a substrate;
25 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 sificon, for instance silicon nitride
30  or silicon 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




The invention also includes a nmethod of making a flash ne i di ng
any 20 of the above nethods. Another aspect includes a sgﬁﬁé%@ﬁﬁgﬁééjor
structure including a structure produced according to any of the above
met hods. According to a further aspect of the present invention, there is
provided a shallow trench isolation str@cture conprising: a substrate; 25
a trench in the substrate; an oxide structure in the trench; a giate oxi de
and pol y-si hisfb ; .and. spacer material, on upper
surfgceg of hitt he tﬁ%%ﬂéﬂ&)&(ﬁfﬁﬁ?ﬁﬁ%@? %p%&%&%fsg%%f/oﬁﬁ%ﬁ‘gﬁgﬁé?mWeri al is a
nitride of silicon, for instance silicon nitride 30 or silicon
oxi - ni tri degi pddchitieh FREGhwist he 1 nvention provides a flash menory
i ncludi ng a~— sem conductor structure above or a plurality of shallow trench
- i sol ation struct ihe#fiveptimswildie furthehdescabed balweayeof n'blnumtatme:a):{ammﬁe,t\ivi(tm )
rovides th | iy 1 I low Trench 35 Isolation (STI
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preventing deep riguigssiared€ ate shieenajs dogdsysodf phesebs efupsemyoldyd in a

depositin Ik L - i nto . .the.oxide in the trenches
be!co ore thg (?gb:’%'?tﬁh g@rzf}@ﬁioﬁfe&%ggéha?igﬁr %34%0h§|§r"isgfmﬂae§cri ption of the
drawi ngs The i nvidatrechisvd bt¢heretit uirgwing irttisating Ishdwing agjoreift $Tstiucid af i ve

exanple, Wghy ;5 reference to the acconpanying draw ngs, in which: Figures
1A - IC are sch'ematic drawi ngs of process steps involved in a conventional

met hod 1_@f f or ni rlﬁgtgha!aﬂom TBCenoh stisohatic drawdigsuof proesss klepuriavalved im a
schematic qranh@gr hBHeAEdNG fgljﬂﬁ?%'ggl Srdr&E at‘;icrotrdinsg;r 49 aESEdmSd 1 an LIL.

Detailed Description

The present invention builds on many of the steps in the prior art, in particular
15 Figure 1A and the process preceding it. The earlier description of that process is
hereby incorporated by reference into the description of the invention.

Figures 3A to 3C are schematic drawings relating to a specific process
embodying the present invention. This embodiment follows the prior art including the
wet etching step that results in a structure schema'tically shown in Figure 1B. A silicon

20  substrate 202 has a trench 204. The walls of the trench are lined with a liner and it
contains trench oxide 208. 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 sactificial
oxide layer 214, a further silicon nitride (or silicon oxi-nitride) layer 216 ié 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. Howéver, the blanket etch fails o 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

N in the trenches, it acts as a spacer between the etching chemicals and the silicon -




10 Figures 3A to 3C are schematic drawi ngs of process steps,q ngb(y(%d in a
nmet hod of the invention of formng STl structures according to an

enbodi ment. Detail ed Description The present invention builds on many of
the steps in the prior art, in particular 15 Figure 1A and the process
preceding it. The earlier descri-ption of 6that process is hereby

i ncorporated. by reference into the description of the invention. Figures 3A

to 3C are sgheimions ; ' Walom cifi rocess. enbodyi ng the
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A silicon 20 mehskigse 202 has a trench 204. The walls of the trench are
lined with a liner and it contains trench oxi de 208. Recesses 212 are

present between T gEjesofogatehexide s320handattick tiyositr ehpblyoxiictr 208.folde

bef ore, g heg@dsk e i { S, fHrther processe. rowm ng a | ayer
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| ayer 214 3 ¥Be thandi St | e from trench oxi de 208 al ready
in the trenlcﬁl.]eb%ngevertfe“gg'%ﬁég%gﬁgﬁ%ﬂ? rlgpagaptgtzgﬁ, rather than sinply
removi ng the sacHer$Bistiuctuessispeprbdyead 24 Ayrthar procédsed irto | dtieemidontigheor( OF

si licon oXigtiictfdsde)s IS fepasited on top of sacrificial
oxi de | ayer 214_bs‘§q%_%ﬂw%éﬁfgg%tpj?%é60h“gtﬁi %%%"t@%bc(?ﬂ?e%e%&rist hgﬁs) albAy a.SﬂThus
t he sadPi f imemPriasxi de | ayer 214 is covered by the silicon nitride layer 30

s subsequent Iy 5F anar SEMSERocdtment oyl pESent fuefiaryBSUAA Ushi nc on the
sacrificial oxide. Howevefhetreeeds deptbtisebditetiaidus tboheenmide &dthg 4shs
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good etch stoppi ng naeyeitad anffleresidubas not been renoved, that is in the
tzgep/gg@gboiest acts as a spafgh \)Qﬁb@%%npoﬁyhoer & ehriaglgug E%Eﬁw(fi?clzeasusgr’}ge tSQL?rcgi | Tcon
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 nifride 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. |




6 dioxide 208 in the trench, thus preventing the recesses i l&%‘fzédéemh

oxi de being nmade deeper. The resulting structure is shown Thn gure 313,
with remant silicon nitride 218 in the recesses. The growh of gate oxide
220 and tdepdeyosit of poly silicon 222 follow 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

silicon remairy ' e Just silicon njtride remants
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- been descri be%m&ﬁigﬁhéﬂ&t&ﬂdé‘!ayﬁp%fi ¢ method of making STI structures.
However, the additi’onal spacer "I'ayer of the invention can find uses in

ot her net hodsWbéretoakieaslcaimgti@Te! $1er trenair exide Boucturs remaies substastipiy er

woul d al geddredah thedbhBhnt HhEMAN et ching if the recesses were in the form
of 25 corners bet v?/een ar(.'jtjs?cent&;se&rfaces. The aimis to reduce destruction

of the trench contents, for instance by delaying the tinme to contact
between phe epGlbucheN &Rty @Wlow trench isolation structures comprising the method of

claim 1 and, prior to said depositing step, the steps of:

providing a second oxide layer on said substrate and a nitride layer on the
second oxide layer;

forming said trench through said second oxide layer and said nitride layer and
into said substrate;

oxidising the walls of said trench;

filling the trench with said oxide structure; and

removing the nitﬁde layer.

3. A method according to claim 1or 2, further comprising, after the step of removing
the first oxide layer, the steps of:
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.

4. A method as claimed in claim 3, wherein the remnant spacer layers in the
-recesses act as a spacer befween the trench oxide structure and etching chemicals
used in the patterning of the poly-silicon and gate oxide layers to prevent the recesses in
the trench oxide structure from being made deeper. |




the trench contents, especially at the point of contact bet%elﬁn E(?b%. trench
walls and the trench contents. 23 May 2006 CLAIMS 7 1. A net fasd| r use
during the formation of shallow trenclyisolation structures, the nethod

using a sfruct i sing: bstrate having.a trench therein, a first
oxi da 1 aver  cmeyRaREsBhdd o SR bR pleesdie Hitin SR e SPERRYS ¢ h
the top @hdithrefinskoxide lagerae ramevedaepaetely by e@kihgone recess therein, the
nmet hod conprising the steps of: depositing a spacer |ayer on top of the
first oxide layer and trench oxide structure, including within said at

| east on&-r ec fswethod movdrdigg thanysuecaithe ayeeding lctains) gihetatmttiongpasenaysf t he

spacer | ayglavbPosfhiflidlor sli@@st one recess as remmant spacer |ayer; renoving
the first oxalyse Iayer;té)}cl(sjlll‘%ﬁ'erei n at least a portion of the trench oxide

structure renains substantially underneath the remant spacer |layer. 2. A

met hod ofy formg | salatjion structures conpri.sing the nethod
of ol at 1 andnetedBLbading LA A leFhs et STt Re ErgH ot g o
'second ofingdunegndfirgpxislailayes atestilican eicdtd andrthé sulskératediy eilican t he second

oxi de |l ayer; formng said trench through said second oxide | ayer and said
nitride layer and into said substrate; oxidising the walls of said trench;

filling Bhe tAcgnethodiaceordingdo ary goe sif the precedingothims, avieveinghd fist okitiei de

| ayer. 3!&y@ﬂ§%§r@&ﬂ1@ﬂﬁ?%ﬁ%éﬁgt&° claim1 or 2, further conprising, after the
step of rénmobving °“the first oxide |ayer, the steps of:

9. A meth_od of making a semiconductor device comprising:
a method according to any one of the preceding claims; and
forming local interconnect layers on the substrate.

10. A method of making a flash memory, including the method of any one of the
preceding claims.

11. A semiconductor structure including a structure produced according to the
method of any one of claims 110 8.

12. - A shallow trench isolation structure comprising:
a substrate;
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 at least one upper surface of the french oxide structure.

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

14. 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. ' |




providing a gate oxide |layer on the substrate, the trench 'ﬂe 54 ucture
and the remmant spacer |ayer; providing a poly-silicon Ia?%# h e gate
oxide layer; and patterning the polyygsilicon and gate oxide |ayers. 4. A

nmet hod asj.cl ai ' L1 wherein the re nt .spacer . | rs. in_the

rec essesslgtt éb’srrggaIf'g)g’a@éerr%ht%@\?\té%‘n&{%éur? rcéjﬁ'é{ﬁucg%?ﬁgd ?t? rﬁﬂ%‘%?@%ﬂﬁ'a &Ri ng
chenmi cal heraindore rdestribegdawitterafiéngeeofo aink apdilugtratiel iic Fiyusssd3gyad 8Coofi ttle | ayer s
to preve s I n the trench oxide structure from bei ng nade
deeper. %%mﬁ@%ngg@gﬁgﬁﬁgg A nmet hod according to any one of the preceding
clainms, wherein the spacer layer and the first oxide |ayer are renoved
separ atelyy by e | . rdi tp a ne of. th cedi ng

ol o o, vBer of prEpgacior tee ‘4R RE,BRERDE Abrsfod Bl Rslugh SrRREGR. 70 A
met hod aéulestantialy a9 hensinbefoee désarihed pite cafdienge & andas illudtetesi in Fidueed 8&nch
oxide s I I | ayer are silicon dioxide and the
substratgiggbgﬁﬁfggﬁ?ﬁﬂﬁak(ﬁé%ﬁg% according to any one of the preceding
clains, wherein the first oxide layer is directly on the substrate. 9. A
met hod of maki ng a sem conductor device conprising: a nmethod according to
any one of the preceding clains; and form ng [ocal interconnect |ayers on
t he substrate. -10. A nethod of making a flash nenory, ‘including the nethod
of any one of the preceding clains. 11. A sem conductor structure

i ncluding a structure produced according to the nethod of any one of
clainms 1 to 8. 12. A shallow trench isolation structure conprising: a
substrat e; :




a trench in the substrate; an oxide structure in the trench%#@%f oxi de
and poly-silicon structure on the substrate; and spacer mat at
| east one upper surface of the trench oxide structure. 13. A shallow trench
i solation structure according to claim.,11, wherein the spacer material is
a nitride of silicon. 14. A flash nenory including a sem conductor
structure according to claim10 or a plurality of shallow trench isolation
structures, ones of which are as defhggth&Tclain111 or 12. 9 15. A
shal l ow trench isolation structure constructed and arranged substantially
as hereinbefore described with reference to and as illustrated in Figures
2 Lo 3¢ of N MERISOBIAPERNANG SHAISW AEENCH BRI SRR HIHESS the
ormation of shalTow Trel , as
her ei nbef ore described with reference to and as illustrated in Figures 3A

3C nyd i : T Ok F NG, SHALLOW
tTORENmOFsto_hﬁbﬁépo%@mEg T 1s ’raﬁ'ﬂ?'ﬁ 5@ aﬁ%%??gﬁ% %xe'%’i "HrOFdT )
st ruct ur es IntpEenrscakpyer (L) dovdads, deer ercesnarat ak theeop ey ofthw ireach adeep
(e g B! i Rkl (R P SR o

silicon nitride ontfo the Inthe trenc
| ayer is r@ngedayer isppgored.3C

10  Figure 3C




