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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| sol ates active device regions, it elimnates problens traditionally

associ at ed Bﬂckg[oumm Invgintien enabl I ng an active area \tI)MI th higher density.
Addi tionally, tness, o ul.tin vvafer enabl es nore precise
pattern definit .@3‘& Vg ?%eﬁ'ﬁge[fﬁ@hf’"l ds  ygednap ¢ Fompirgeentany o Mefah@xideo be
scal ed 18owSentittmddcist mesbeémemgtesaam@ isehled doﬂ'ﬁttieléﬁv ftree@és %Wg?@rat?nde
wal | s al so 0 fore critic egi ons _such as uncti on

conti nue tgngp% ﬁ%c W?@”'Fﬁ'@?ﬂt@afgt ek designyirdag ‘éi’ﬁ"et gl haitaiiig
interface. sﬁﬂeleaﬂaaxtqmtthtckﬂmfeﬂitsolaﬂzge region and the stress between the

h I d i on _have an undesirabl e influence on
gl 22{1 (rai cgln per f gﬂrﬁ odﬁﬂa{e lg RSIRQIR jif AN %’é‘\‘i%rs&PStﬁatt%-p% aghienes segling and

convent i onisolatian bbReenrtiangistaes thefd&perﬁéy & ﬂi@ce%@'ctlaﬁfp%xﬁﬁ PeishRvD itsMokdle

1At
S¢ hemﬂ]é C OxEtion fon efc é ’t a(ILO\(lJOeéABprednecessgol#rSe'lsl 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




Prior to Figure 1A, a thin llayer of pad silicon oxide is fifst 568(’5.?“ on a
cl ean siligon substrate. A thicker Silicon Nitride |ayer |sm?£n eposi ted

by Low Pressure Chemnical Vapour Deposition (CVD), on top of the oxide
Igyer. A patterned active area resist ig forned atop the Silicon Nitride
layer. The nitride |ayer is subsequently<“35 patterned and a trench -it
et ched through the oxide layer into the silicon substrate, according to
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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 =




process, as shown in Figure 1 C (the gate oxide 120 being Q%cﬁh _
thicker relative to the poly silicon 122, than it is in f%cmm}h actice).

25 As is shown in Figure 1B, the pad oxide etching step creates shall ow
recesses 118 between the oxide 108 in the trench 104 and the substrate
102. These recesses persist in the furtBer steps and during poly silicon
deposit are filled with poly silicon. However, the poly S|I|con etch is
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silicon nitride Iayers 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




Publ i shed US Patent No. 6,277,710 relates to a nethod of fQﬁﬁkQﬁZ&igs’ in
whi ch the problem of trench oxide grooving due to etch stop etching is
recogni sed. The problemis addressed by formng a polysilicon |ayer
bet ween the pad oxide and silicon nitride |layers and an extended |iner
oxidation layer to forma protective o%kdation overlying the polysilicon
and pad oxide layers. This requires sone changes in the circuit design and
i ncreases the odemires leashadpartist obthet thengbr @ddzs strucBurenremainsf§ subseantiiyent i on
rgglg{fzﬁq®g§f¥ggﬁéggmhﬁkgép§£;%y§:nem1process for providing Shallow Trench
uctures Ic verconme or at least partially alleviate
at | east sone dkcortding ior ahdtbers aspady dfhtbe poresent anventidac trietié g grovided iar st
aspect of the present invention, there is provided a nmethod for use during
the formation of shallow trench isolation structures, the nmethod 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 |ayer on top of the first
oxi de | ayer and trench oxide structure, including wwthin said at |east one
recess; renoving the spacer |ayer, although |eaving sone of the spacer
| ayer in said at | east one recess as remant spacer |ayer; renoving the
first oxide layer; and 23 May 2006 3a wherein at |east a portion of the
trench oxide structure remains substantially underneath the remmant spacer
| ayer. According to another aspect of the present invention, there is
provi ded a 23 May 2006 4 nethod of forming shallow trench isolation
structures conprising the nmethod of the first aspect above and, prior to
sai d depositing step, the steps of: providing a second oxide |ayer on said
substrate and a nitride | ayer on the




second oxide layer; 5 formng a trench through said second I, de yer,
said nitride Iager and into said substrate; oxidising trma%%m?%? sai d
trench; filling the trench with said oxide structure; and renoving the
nitride layer. 10 In either above aspect, there may be provided, after t he
step of renoving the first oxide layer,4the steps of. providing a gate
oxi de |l ayer on the substrate, the trench oxide structure and the remmant

: I i -Si || th ate oxi de |ayer; and
15 bt ter o g 3D B eivilegiallon icuuer sgmpasinarve rpheee! hagist and
the first omsphet alyeranar prigrtekaitialepysitiguias! ttavayps gget her . The spacer
| ayer is prefer Itride of silicon, for instance silicon

..a layer of a nitri i T

nitride or sil ?@%ﬁ‘%&?i?rﬁe??’i‘%@?"d%ﬁ of PPe3td SHPSHTAR anda fitkide layereedae of
meki ng a fl sedendexideyayer,ncl udi ng any 20 of tlhedabove rret hod;s. Anot hgrced
aspect incl udes em conduyctor structure including a  structure produ
acgordi-'n%. to any%gﬁ'ngl‘?e rﬁBﬁ?/g‘rﬁlt‘-ﬂs"h S lpYed wid Difideelayersaiscintaof t he
present i nveaid wsstratehere i s provided a shallow trench isol at |don stru;:t ure
conprising: a substrate: 25 a trench in the substrate; an oxide structure
inn?he trgnch; & ?"égﬁiﬁ‘ﬁ%'%ﬁaa' 8P 1 i con structure on the substrate;
and spacer nat e‘minglth@treuﬂpmtrl] sambﬁe@_strwnérbh@}drerch OX'ge Sit Lgf;%g
Preferably the spacer nateri is anitride of silicon, for

silicon niyt ri de TB@B‘"B? g T"FFE%HHW'i -nitride. A further aspect of the
i'nventitén provi desitherf disab 5paTY theld flay beNBodded Sflcf ARIBED U rethdiit ﬂ'x%e
above or a éur%l i ty% % spal I ?_W trench isolation structures, ones~ o
are as abo\;@_toxaeia r, the steps of.

whi ch

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




Thus, the invention provides the possibility, when formng é?ﬁllg@%Trench
35 Isolation (STI) structures, for exanple in Local | nt er conheey er
(LI'L) devices, of preventing deep recess areas at the top edges of the
trenches, by depositing silicon 23 May 2006 nitride onto the oxide in the
trenches before the sacrificial oxide |ayer is renmoved. Brief Description
of the drawi ngs The invention will be further described by way of

non-|imtat hingcCoiRdeSoxid i e, accompanyi ng draw ngs, in
whi cht i qur SRRt ih g S8 bR St AR RIS Ba ol ved 1 n
a conventional nethod of form ng Shallow Trench |solation structures;

Figure 2 i spgefisehBidn% LAghokndi cating showing a prior art STI
structure im an 3 3A to 3C are schematic draw ngs of process
~steps invol ved i hhainvagtignodiildfe furtber deseribed by efayf afrmuindigitsiite sxanisé wEls
accordi t ' i cription The present invention
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and the process pgeeediMag i1C. afheckmmatice draskirmgsr bp praesofstdpsakviivetessa i s
her eby inc f | e scription of the invention.
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enbodyi ng t he pridgemnt2 isrveshtenatic diiniisg émticdingshbwihgld pws aHh&TIstURIUrE i
including thg wet etching step that results in a structure schenmatically
shown in Figure 1 B. A silicon 20 substrate 202 has a trench 204. The walls
of the10rench arfagurenddh W t3C ard ispleemativd diswingsoot protesd kERE Ninaxtvele i Q8.

oxi do- 208, TR BepEIERRRRIHENETING b7 RGeS oo nd I e B e essca,
growing a layer -of sacrificial oxide 214 on top of the substrate 202 and
seori 11 o aoREgPElioR ) %P caomes i ndi ti ngul Shabl e from the ¢ rench
oxi de 208 al r eadyreinneseint inveetitrhbuiltio we\neany efsthé stepbathe prioFagUinepadtisutdrat her
e e PR QRN g e, RIS oM e oh ot goeot b
sacri fi ci ahewbydecorroyated by efbrente ntdiheskistiptichaftreshvévgmeur Deposi ti on
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 -




(LPCVD). Thus the sacrificial oxide |ayer 214 is covered by ? §(J con
nitride layer 30 216, including in the recesses 212. ThIS her S|I|con
nitride |layer 216 is subsequently blanket etched to renove |t, mnth t he
end point on the sacrificial oxide. However, the blanket etch fails to
remove all the silicon nitride fromwitBin the recesses 212. A wet etch is
then used to.renove the sacrificial oxide |layer 214. However, 35 silicon
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the recessef, thgrddagsdst ench oxi de being made deeper. The resulting
structure is shown in Figure 313, with remmant silicon nitride 218 in the
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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 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. |




A singl e enbodi nent of the present invention has been descré'sbﬁ%ﬁzéd%l ating
to a specific nmethod of making STl structures. However, the additional
spacer layer of the invention can find uses in other nethods of
constructéingmal!l structures. For instance the spacer would al so remain
after relevant etching if the recesses were in the formof 25 corners

bet ween adj acent surfaces. The aimis to reduce destruction of the trench

contents,q for 4 i i 0 contact hetween the etch
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including Wt RS/ 0 ine Vi th r. lLaver,
al t hough | eavi ng @?ﬁ@e%?a%ﬁgageﬂagg}guﬁgiée@qgn&ﬁ? 8ng'? Sp?%%@%?egﬁ%sgé@ Ss as
r_enna'nt'jﬁ?éb@?e eagasras rewnent spgeetaydri rst oxi de | ayer; and wherein at |least a

~portion of thefdadthe Xt d8adidydELd € remains substantially underneath the
remmant spacer |a er.62. A rret%dgll(r)q form ng shallow trench isolation

structures coWpefieli algleepleamarti obthe tbrdnoidarstruclord cemaios sebstantiafipsi ti ng

step, thenddr®sh He reRhaV $LBG Bysecond oxide |ayer on said substrate and a
nitride layer on the second oxide layer; formng said trench through said

second oxide |ayer and said nitride layer and into said substrate;
g;('r SL tsljpg t gﬁﬁ\f’ﬁéﬂhcﬁi &ffoﬁﬁﬁéjsﬁéll‘éﬂict%ncﬁ iiéo'lejtigﬁJ sfrD&urteEs%B%%ri%b rtﬂhesr%ieﬁiuog )6% de
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 nitride 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. |




removing the nitride layer. 3. A nethod according to clai mz"an‘}ié %0061‘ urt her
conprising, after the step of renoving the first oxide |ayer, ¥fie st eps
of : providing a gate oxide layer on the substrate, the trench oxide

structureg and [ r | r; praviding a.poly-silicon |ayer on
The gat e x4 Mgk B g 10 ARFOng BRI nedising et e e sreEStlerets
| ayers. 4ndthershoddaleyeiané neobverd sepaiatelBby afekingi N t he remant spacer
| ayers in the recesses act as a spacer between the trench oxide structure
and etching chemicals wused in the patterning of the poly-silicon and gate

oxi de ‘| afers tompihed@ncording to anyesses tha prdceding czind) wherake tietspacéiagerf rom

bei ng naqg-,\a%zgpgfra C\iﬁ%elgtfag"i 006 8 5. A nethod according to any one of the
precedi ng clains, erein e spacer layer and the first oxide |ayer are

removed separately by etching. 6. A nethod according to any one of the

precedi ng cl ai ' e r.s a layer of a nitride of
ST oon 7" AATRelYaSEEdnd REaRAB MEUECshS clins Wb R Fabhe Baner oi n
the tren&hudiiednd fisstroxidiedayer aredsilfdonsiioxine atel thapetsstratesis silitorcon di oxi de and
the substrate is silicon. 8 A nethod according to any one of the preceding

clains, wherein the first oxide layer is directly on the substrate. 9. A
met hod of- makArgethod @éstardind de oy odev tfee pracpding ichadns, aviveedihdick &t oxidéng t o

any one plefBeirBERAHho Y i4r8; and formng local interconnect |ayers on
t he substfryatle. Ir10. A netﬁlgééez)e{‘mrmki ng a flash nenory, including the nethod

of any one of the preceding clains. 11. A sem conductor structure

including a shhiMGhad & ks ' .qethod of any one of
claimse 1 to 8. 12. A srﬂa.lowg r@ﬁﬁ(ﬁjcﬂgo 5%0?9’8?1'%['?[ ‘ture conprising: a
substrat e; 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. ' |




a trench in the substrate; an oxide structure in the trenchzgl\ﬂ@? oxi de
and poly-silicon structure on the substrate; and spacer nmat®er at
| east one upper surface of the trenchgoxide structure. 13. A shallow trench

isolationgstryc i .to claim1l Jerein the spacer terial is

Lol o Sasgt " B RGN ORGP bS] Bhd A5l P SaREandly &

st r uct ur derginmfete rdgseribed| witmref€rence o amd s dlustrytedfin Fivakdso®A te acdr theol at i on

Struc"”%%corﬂ%ﬁﬁzin fdr%ming? are as defined in claim1ll or 12. 9 15. A
[ation

shal l ow trench I's structure constructed and arranged substantially
as hereinbefore described with reference to and as illustrated in Figures

3A to 3C,4pf the 0, i I\ . 16, t hod for I t he
16.

formati ongof S gﬂe 0\% ﬁ%ﬁ%h&uﬁggltgﬂf@%@‘? &&Jt%“?@ Qregﬁ%éﬁoéaﬁ%ﬁaﬁq#{?{@%’

her ei nbefubsiantiady 8 berginkitone defopibedvith refermnde fsand dailtstatedniFiguregBhes 3A
to 3C of i i NQS. ABSTRACT METHOD OF FORM NG SHALLOW
TRENCH | gﬁ?%@%@%@@%@% form ng Shallow Trench |solation (STI)
structures, for exanple in Local Interconnect Layer (LIL) devices, deep
recess areas at the top edges of the trench are prevented by depositing

silicon nitride onto the oxide in the trench before the sacrificial oxide
| ayer is renoved. Figure 3C : :






