;ede}f& }ecd@x 6 T& JT :-1 SHALLOW TRENCH | SOLATI ON USI NG TECS CAP AND
POLYSI LI CON PULLBACK BACKGROUND OF THE I NVENTION 5 Field of the Invention
The present invention relates to the f-feld of sem conductor devices. Mire
particularly, the present invention relates to a nethod and apparatus for

preventing dishing that results fromchem cal nmechani cal polishing of
shal | ow t r e @HALIQWATRENGH 1SOLATEON UBING [TaQY (ki AND ¥OHdGEN T

devi ces continue to be reduced in size) Conplinmentary Metal Oxide
Semi conduct or (CMOS) device fabric&UldiBACKcesses have evol ved that use

shal l ow trench isolation structures for isolating devi I JThese
shal l ow trench isolation structures are typically 15 fBﬂﬂlﬂ&@fﬂWﬂ]ﬁMW}l ng
trenches within the sem conductor substrate in a pattern at _achieves the

desired isol ati on between adj oi ni ng device regions. The tréfit#tes are filled
with dielectric material. A chem cal- nechani cal polishing process is then

per f or mredBACKGROUINRIQH EBEINYENU@N hat fills the trenc
Wil

conventional shallow trench isolation processes, the che
pol i shing process results in "dishing" of the dielectric
parti &ul arly, Fietd ohtha Ingkntimchani cal pol i shing process resuf¥%n a top
surface -2 of the plug that is not planar. Instead, the top surface of

the plug is regReREsdrl ifveRBRFURUERIS BTN bh sERFOSHIUCSr dd\Acé$p surface
of rest of the substrate. Because the top surface of the sem conductor

subst r at epjote PAHiRIIAN thépresent irRetibn PblatisStl Aeh&tHbH BCCASTErGRls fRChani cal
polishing) layers and structures that are subsequently forned over the

sen CO“dUEFé?/égﬁH G tidtGe8Qts HBI Sdmicahinechaaral belismAy iR Ehalibag

probl ens and device fallure.
trench isolation structures.

10 Related Art

As semiconductor devices continue to be reduced in size,
Complimentary Metal Oxide Semiconductor (CMOS) device fabrication
processes have evolved that use shallow trench isolation structures for
isolating device regions. These shallow trench isolation structures are typically

15  formed by etching trenches within the semiconductor substrate in a pattern that
achieves the desired isolation between adjoining device regions. The trenches
are filled with dielectric material. A chemical mechanical polishing process is

then performed to form a dielectric plug that fills the trench.

20 In conventional shallow trench isolation processes, the chemical
mechanical polishing process results in “dishing” of the dielectric plug. More

particularly, the chemical mechanical polishing process results in a top surface



What is needed is a nethod and apparatus that produces shallow trench 10
isolation structures that are planar. In addition, a nethod and apparat us
is needed that elinmnates or reduces dighing of dielectric material that
results from chem cal nechanical polishing of shallow trench isolation
structures. The nethod and apparatus of the present invention provides a
sol uti on td thhehapthat imretslanar.- 3insStédd\Rye @6p SHEaCANENTE BdTiseepessahin

i nvention provides a nethod and apparatus that reduces dishing of

di el ect ri ca caheanegpattdratwitrerasdpiest fo tha topesurtzade oferekbaof hal syimstiatdli ng of

shal l ow trench isolation structures. Al so, the nethod and apparatus of the
5 present invention provides for form ng shallow trench isol ation
structures that are planar. A nethod for shallow trench isolation is

di scl osed that forns a shallow trench isolation structure having a planar
top surface. FiBstause theytep sutfaselofdhe skhiconducter §Gbstjateds deppiiriaecsayer a
sem conduct or substrate. A layer of polysilicon is then deposited over the
silicol nifesuief Id@smn%; dérihgyshensital slechahival polisisiag| layate ahd=RRictines
deposited over the polysilicon layer. Mask and etch steps are perforned to

form an opgat age éLﬁl&éecﬁP@hﬂEd@rrﬂ@d obeptiahsémicondUttdrasitistians ardhot ahifdine.

polysilicon layer. An etch step is then perforned to etch the exposed side

surfaces ofhisheadtd Aidnufadiuliny problemst &igd RletfRNfailerdiodi ment, the etch step
is a selective etch that selectively etches polysilicon. Thereby, the

exposed side surfaces of the polysilicon |ayer are noved laterally. 20 An
etch step is then perforned so as to forma trench that extends into the
sem conductor substrate. Optionally, an oxidation step and a TECS renoval

-4 step can be it & RBsded ea pRdthedainddapgatates tisdignotesss sRalswgschaused
by the trench etch step. The optional TEGS renoval step renoves the TECS
| ayer .10 isolation structures that are planar. In addition, a method and apparatus is
needed that eliminates or reduces dishing of dielectric material that results from
chemical mechanical polishing of shallow trench isolation structures. The

method and apparatus of the present invention provides a solution to the above

needs,



Dielectric material is deposited such that the dielectric material fills
the 5 trench and fills the opening that extends through the polysilicon
| ayer and the silicon nitride |ayer. Ingthe present enbodinent, silicon
dioxide is used as a dielectric material and a high-density plasma
deposition process is used to deposit the silicon dioxide. Because the

sel ecti ve SUMMARYeOFtTHE SINUENJUONaces of the polysilicon layer laterally,
the deposited dielectric material extends past 10 the edges of the trench.

e, e %o o R P BB
T R B I e B el
that fills t t h, . th t, . enbodi t, ilica-b I [
1o, o s B ST RS 1)

di oxi de. under normal .silica-based slurr hem cal, mechani cal .polishing
processes, PESKE V\%Pf'?”H’é‘?)éﬁj%?)?%%ﬁﬁwgt%@%f’}ﬁ'p"@?ﬁq isotign ?tHéCtETGﬁ@@rlu

di oxi de. As thle chem cal mechani cal polishing process 20 progresses, the
hump acts &% B'@@Ehi on in reducing the dishing of silicon dioxide. Thereby)
the chem cal mechani cal polishing process produces a plug of dielectric
material that has a top surface that is planar with respect to the top of
the silicon nitride layer. Mrre particularly, the top surface is only

slightly recessed, if recessed at.all, as r,esul f,_di shi aused by
t he cheni cal negHHﬁ&PQﬁobﬁhﬂgﬁYﬁ8n§P8¥@§§V‘§é§§ﬂgﬁeqh33585n§ﬁ¥$%€&“6f t he
sem conducfor substrate i lanar as . a 5 result of elimpation qr

i i i 2at | BANSH ORGP AN HRBRUHRES! Fihia v of SHEORet hod
and apparatus,of_the present, inventionp provjdes a super,ior shallow french
i sol atitbn BEFAR{INY 1% HCROFHSA QYPT 1 SPMICONAHFIOT SHRFIBG- t Pelaiyer o€ polsitison
structures_ havin si%nificant QLshing, Therefqgre, the nethod and apparat us
of the pr e@etﬁﬁniqgﬂp@ﬁt%ﬁvaw ihevlligasy nifiiarigyebn AdaYyer el tefiesthylarfeesliadfeand
structures that are nore uniformthan those formed over prior art shall ow
trench i sol EPShistderesiedvaidie pglysilganfay¥@int di shing. Thus;) the present
i nvention provides manufacturability and yield inprovenents as conpared to
prior art processes. 15 These and ot her objects and advantages of the
present invention will becone obvious to those of ordinary skill in the art

after having read the follow ng detailed description of the preferred
enbodi ment s t haMagkend ¢tal istepseare performed to form an opening that extends

15 through the TEOS layer and through the polysilicon layer. An etch step is then
performed to etch the exposed side surfaces of the polysilicon layer. In the
present embodiment, the etch step is a selective etch that selectively etches

polysilicon. Thereby, the exposed side surfaces of the polysilicon layer are

moved laterally.

20

An etch step is then performed so as to form a trench that extends into the

semiconductor substrate. Optionally, an oxidation step and a TEOS removal



in the various draw ng figures. -s Brief Description of the Draw ngs
Figure 1 shows a nethod for shallow trench isolation in accordance with one
enbodi nent of the present invention. 5_figure 2 is a side cut-away view of
a sem conductor substrate having a layer of silicon nitride, a |ayer of
polysilicon and a | ayer of TECS deposited thereover in accordance wth one

embodi mentstey cambepatenied. N'YRaoptionallOxidation etep repdrsidapagmdaueed by
illustrates the structure of Figure 2 after nask and etch steps have etched

t hrough t liee TeGEh letstestepn Eee opticial & BOShreanseyat stepdieetve othe TEOS Byent

i nvention. Figure 4 is a diagramthat illustrates the structure of Figure 3
after an etch 15 step has etched through the polysilicon layer in
accordance with one enbodi nent of the present invention. Figure 5is a

di agram of the structure of Figure 4 after a selective etch step has been

perforned so aPitlechiccinatdlial éxdepesited decls tdtanedielectritemaleruliysithecon
| ayer in accordance with one enbodi nent of the present invention. -7

Fi gure56 itfer@hcirabfilmhef opdifing thatcéxteRds thioughnRe poydifioraiayet @Rdshep has
been perfornmed so as to forma trench in accordance with oné enbodi nent of

the preserflicoRvffideqdyeP I ittgé'b?egeﬂt%fnﬁbﬁig%rﬂﬁéiﬁéoﬁ Bfoxsdd I&E%@&a@fa Figure 6

after an oxi dation step has been perfornmed in accordance wth one

enbodi menty; : [ ti aFl b Sa i f s‘el&et structure
of Figur etdjlé}g?{’@ﬁngfﬁégghge%@g‘l d%'?t%ggﬁ%sg%éesﬂﬁ%ﬂlp ?%é%regdgiun acc(:)or dance
with one eaRad) BOLin5n HiSiBs S Bethuse the selective etch moves the side surfaces

of the polysilicon layer laterally, the deposited dielectric material extends past

10  the edges of the trench. Thus, the dielectric material overlies the silicon nitride

layer near the edges of the trench.

The substrate is then polished using a chemical mechanical polishing
process. The chemical mechanical polishing step removes the polysilicon layer
15 an/d forms a plug of dielectric material that fills the trench. In the present
embodiment, a silica-based slurry is used. Because polysilicon has a higher
removal rate as compared to silicon dioxide under normal silica-based slurry
chemical mechanical polishing processes, a hump will develop within the top
surface of the silicon dioxide. As the ch,emical mechanical polishing process
20 progresses, the hump acts as a cushion in reducing the dishing of silicon
dioxide. Thereby, the chemical mechanical polishing process produces a plug
of dielectric material that has a top surface that is planar with respect to the top

of the silicon nitride layer. More panrticularly, the top surface is only slightly



invention. Figure 9 is a diagramof the structure of Figure 8 after a
dielectric deposition step has been perfornmed so as to fill the trench and
the opening in 15 the polysilicon Iayeréin accordance with one enbodi nent
of the present invention. Figure 10 is di agram of the structure of Figure
9 during the chem cal nmechani cal polishing process in accordance with one

enbodi nent I j O El LA Lagram of
t he struct 6§<§eestos? aFﬁgaé)ée&%g]n%f%IE%g(%%ﬁgﬂfgflg‘é?é:? ﬁgé%llléﬁggl%h%ec e'31ni cal
pol i shing progess in Céor dance wi th one enbodi ment of the present

i nvention. €C -aé"(@tpé% P Wgtg@gf’f’?rti on of the Invention In the foll ow ng
detail ed description of the present invention, nunerous specific details

are set forth in order to provide a thorough understandi ng of the present
invention. However) it will be recognized by one skilled in the art that 5

t he present invention nay, be practiced w thout thes ci.fic details or
wi th equi val ent SACREPRATS 19mhsiaRe Of e SHRIEHIYEIPT SWhRlS B it s 2

pr ocedur es, éﬁﬁp{)nents,_ and circuits have not peen q_lesc,ri ed ihn detail as
not to wnn&eVLLAl pInalien Areniipization st disfung cuEiBg:chemisat Msehanisati gure 1
illustrates a nethod for shallow trench isolation in accordance with one
embodi ment PEHSRIRE, Hiee@ethod ane apparatupst hiopiesept siveptiep proyidesyar of
silicon nitride (Si Ng i s deposited over a sem conductor substrate. In the
present enSYBeAenshaliovetrepgieisalation stré@urenas epapared de posr edashaliovet |y over
the sem conductor substrate. In one enbodinment, a layer of silicon nitride
i s 15 depodiensh iselalion skruehirek havisgasignitieant tiging.o Thsoeforggeermathoda | ayer
of -polysilicon is then deposited as shown by step 102. In the present
enbodi ment andheppaigis afithpdgirgsentiivvention allgvissior dermaptiane of gverlidng dayers

10  and structures that are more uniform than those formed over prior art shallow
trench isolation structures having significant dishing. Thus;, the present
invention provides manufacturability and yield improvements as compared to

prior art processes.

15 These and other objects and advantages of the present invention will
become obvious to those of ordinary skill in the art after having read the
following detailed description of the preferred embodiments that are illustrated

in the various drawing figures.



siticon nitride layer. In one enbodinent, a |layer of polysiliconis
deposited 20 having a thickness of from900 to 1500 Angstrons. As shown by
step 103) a | ayer of tetraethylorthosiliéate (TECS) is deposited. In the
present enbodi nent, the |ayer of TECS directly overlies the -10
polysilicon layer. In one enbodinent, a |layer of TECS is deposited having a
t hi ckness of from 1000 to 1500 Angstrons. Figures 2-11 show an exenpl ary
sem conduchpkf plebsfip@dtoftif D%wr‘n?%ps 5 101-103 of Figure 1 have been
performed so as to formlayer of Silicon nitride (SiN 2, l|ayer of
polysilicon (POLY) 3) and |l ayer of TECS 4. It can be seen that, in the
present enbodi nent) the layer of silicon nitride directly overlies the

e R S e e G S
lysili h At i i i Il ad d f h

of ot her - <o UL ol PR e g ot her 1ayers that can be

di sposed between | ayers 2-4. Mask and etch steps are performed as shown by

step 1®!l. In the present enbodi ment nask and etch steps form an opening
t hat extends through the 15 TECS | ayer and through the polysilicon |ayer.

et e hresent REREAEY sigh aBHlar S AR SR SO e T AL
(o7 rmve IR EERUVHERE FUGE Y b SEIEIRL BE ™" >0
i d o . T, 4. Fi 3
Shovs the SGETED SroR gt FIS et B Ro LR e P ERepl Raton: chod
opening 5 that extends through TECS | ayer 4. Continuing with step 104, in

the present enbodi nent) the photoresist is renoved and a second etch is
performed so as to etch through the polysilicon -11 layer. In the present

ol ysi 1 con. Tnb@uensesapegs RgnE B pahE bt eflve o FigHa 4Bk HRRRG T e

&) iib'n' i % sl E%%eiggﬁeﬁﬂﬁéﬁ% @fef‘g.ﬁﬁf%%&ﬁéﬂiﬁ%?@@a:eﬁ% Wiyt Eicond
. | | AdAY

erbod ment CERSEAC o GEFE PR E PR ch <rop 104 ' Shown to have of ched

t hrough both TECS Layer 4 and polysilicon layer 3 so as to form opening 5.

Thereby, side surfaces 6 of polysilicon |ayer 3 are exposed. 10 Referring
now to step 105 of Figure 1, an etch is perforned to etch the exposed side

suriaces o LS gGLLSt E £aRdkBHShay IR RHESHISERIAEA 3 B aflith
particyd arl i i i litt] T or silicon
nitri dlé%i S S@ n@%%&%é@%‘ﬁ%&@n%% P%p@é‘\tﬂ%ké@{‘e%&%&gaﬁe glﬂ\l;‘\/ecﬁlc%t ch in which
the structur 3 b Qur 1.$: d into a potassium hydroxi de et chant
sol ution. EE&%%@P?BEE{g#%é?#ﬁ@?ggkgﬁﬁgr etchants coul d be used for

sel ectively etching the exposed side surfaces of the polysilicon |ayer.
Figure 5 shows the structure of Figure 4 after step 105 has been 20
performed so as to etch polysilicon |ayer 3, formng side surfaces 7. )t

Cirtaces 6 of P Are oo GREFAm oS SR &fofa X alel A FRRNE 0GR, o

or osent - ensol e oCR baPrEER, 8% 1 e e BuRely R sheRRE ol IRLTE o Mo
shown 4. FiL LG B 84 S SLER 4084 SiHS chibddhlht PRIk fveRtbANeS

into s



5'An oxidation step is perforned as shown by step 107. In the enbodi nent
shown in Figure 7, oxidation step 107 oxidizes the exposed surfaces of
trench 10 and oxi di zes side surfaces 7550 as to forma thin layer of oxide
11. Thin layer of oxide 11 acts to repair danage al ong the edges of
polysilicon layer 3 and 10 trench 10 resulting frometch step 106. A TECS

renmoval step i Figies Bas BRdlaggans 6P shiucileroffguieos baePwa &ibR sidhakayer. In
t he present enbodi ment) hydrofluoric acid is used to renove the TECS | ayer.

Figure 8 seéw?ehbﬂnéars@CééJfoefo%_aFtrgHéreWa@édrgénaf&m_hrm@\éa%boﬂm@ni6f 108 has
removed TECS layer 4 shown in Figures 2-7. Dielectric material is deposited
as shown e picRenlPReffiofi gure 1. In the present enbodiment, silicon
dioxide is used as a dielectric material and a high density plasma
deposition process is used to deposit the silicon dioxide. 20 Figure 9
shows the structure of Figure 8 after step 109 has deposited dielectric
material 15. It can be seen that dielectric material 15 fills trench 10. In

-13 adgition, gigleqts ig@diﬁ&:‘a@ﬁ bithelStriddthiteSof guRPERifiRY arh@id&idieBep t hr ough

polysilicon layer 3 and the opening that extends through silicon nitride

| ayer 2. Thg pedRYdilelisnRREbARRR AT BRSEModRt 8P the bReddit Present 5
enbodi nent) the substrate is polished using a chem cal nechanical polishing
process. RRkftibhNg now to Figure 10, the chemi cal nechanical polishing step
109 renoves polysilicon |ayer 3 shown in Figures 2-9 and fornms a top
surface 20 that extends past the sides of trench 10. 10 As a result of the
extension of dielectric material 15 past the edges of the trench prior to
begi nni ng the chem cal nechani cal polishing process) dishing of dielectric
during the cheg I §hi HESRudtSrdbITIRLAE Y aftP LeTReY | ly, due
to the differ emgiﬁéer?gsa &?g{@gn %fet weefIUdpt)%le;/%si I Pléon I aye?eg g?d eﬁﬁ%@%‘xi de

mat er{&l } | I j | el ops
or 0ok 15 GHEN, Bab bBR A apedalt FH S SR I BRELY U BReseM® ot ul
as it actﬁ“%ﬁﬁg cushion during the chem cal mechanical polishing process.
Ther eby the oxiae di shing effect is reduced, giving a planar top surface.
Figure 11 shows the structure of Figure 10 after the chem cal nechanical 20
pol i shing process has been conpl eted. Upon conpletion of the chem cal
mechani cal polishing process as shown in Figure 11, the top surface 20 of

di el ectric matefdiab okis o @ia?n‘aﬁﬁ@'ﬁ thd $thudi@RPSCrighe Bhetel @Pdiefectii¢ i con nitride
| ayer 2. More particularly) the top surface is only slightly recessed, if

recessed gepadsition W ha£BBER petBrhbe sbadks &l feetrehcts khtiane dgjetrﬁri\ fh | ayer
2. -14 The nethods of the present invention have been found to Torm

shal | pyv t tienpblykHebRidyRR i bibsidanes WitVbmd ethId¥neHE bPthedprebeht manonet er s
or for edge dié and protrusion of approximtely 3 manoneters for center die

(when t hejaheiopal mechani cal polishing process renoves approximately 59
Angstrons

Figure 10 is a diagram of the structure of Figure 9 during the chemical
mechanical polishing process in accordance with one embodiment of the

20  present invention.



5-0of the silicon nitride |ayer). Wien 124 Angstrons of the silicon nitride
| ayer is renoved during the chem cal nechanical polishing process, shallow
trench isolation structures are fornmed_gaving recesses of approxinmately .8
manoneter for center die and recesses of approximately 1.8 manoneters for
edge die. Wen nore polishing is perfornmed so as to renove 260 Angstrons of
the 10 sili conFigureiideis| aagieigramhet thewsttucturelofiFiguret 10aftet cotpleten af the
formed having recesses of approximately 4 .8 nanoneters for center die and
recesses ghemiHl gnecRdrical Poldhive pradesssnfaucoediyecadivith difee ermiboeiiment ef
polishing is performed so as to renove 370 Angstrons of the silicon nitride
| ayer) shghd predgrgmefernitionl ation structures are forned having recesses of
approximately 6.3 15 nanoneters for center die and recesses of
approximately 5.8 manoneters for edge die. For purposes of the present

i nvention, any surface having a deviation (recess or protrusion) of |ess
than 6.5 manoneters is considered to be planar. 20 Accordingly) even when
as much as 370 Angstronms of silicon nitride |ayer are renoved, the nethod
and apparatus of the present invention produces a planar top surface. -15
Though net hod 100 of Figure 1 and Figure 7 show an oxidation step 107 to be
performed, oxidation step 107 (liner oxidation) is optional. Al so) TECS
removal step 108 is optional. When TECS renoval step 108 is not perforned,
the chem cal nechanical polishing process of step 110 is used to renove the
5 TECS | ayer. Because the top surface of the sem conductor substrate is
planar as a result of elimnation of all, or at |east substantially of the
di shing during chem cal nechani cal polishing, the nmethod and apparatus of
the present invention 10 provi des a superior shallow trench isol ation
structure as conpared to prior art shallow trench isolation structures
havi ng significant dishing. Therefore, the nmethod and apparatus of the
present invention allows for formation of overlying |layers and structures
that, are nore uniformthan those forned over prior art shallow trench

i sol ation structures having significant dishing. Thus;) the present 15

i nvention provides manufacturability and yield inprovenents as conpared to
prior art processes. The foregoing descriptions of specific enbodi nents of
the present invention have been presented for the purposes of illustration
and description. 20 They are not intended to be exhaustive or to limt the
invention to the precise forns disclosed, and obvi ously many nodifications
and variations are possible in light of the above teaching. The enbodi nents
were chosen and described in order to best explain the principles of the
invention and its practical application) to thereby enable others skilled

in the art to best utilize the -16 invention. It is intended that the
scope of the invention be defined by the O ains appended hereto and their
equi val ent s. -17 CLAIMS What is clained is: 5 1. A method for shall ow

trench isolation, said nmethod conprising: depositing a | ayer of polysilicon
over a sem conductor substrate; depositing a |layer of
tetraethylorthosilicate over said | ayer of polysilicon;



et.ching said | ayer of tetraethylorthosilicate and said | ayer of polysilicon
such that an opening is forned that extends through said |ayer of 10
tetraethylorthosilicate and said | ayer_qf polysilicon, said opening
exposi ng side surfaces of said |ayer of polysilicon; etching said side
surfaces of said layer of polysilicon such that said side surfaces are
extended |l aterally; and wherein, upon subsequently formng a trench beneath

sai d openi ng, BDethiltd Bedsiptioandl thiedapestidn ng di el ectric material such that
said dielectric material fills said opening and fills said trench) said

o1l ST 3 Uebenerod BFS B P, bl

mat eri al during chem ca C eétric material.

20 2. A nethae Be{ai@%%!sgwfc}r{r?np&fdefgég ﬁgéé\ﬁﬁe%ﬂ{o%@ﬁﬂnh@rs%ﬁ&i ]qutHét her

conpri sing: renbving sai ayer o0 ylorthostlicate prio

for shal 1 Big~eRbARNGnT KEwsVRrsi DI bEIRCUGh R oM Bhfed in 4 ar gL ™o
L% DY RAYSRahl G b et R Bl dShESE OB A BT
5" A ot PoRUVBEnL iETeRl- T PesIbRT INStAaRE o v elIER FRRINPFS PSRRI Shar ef 1 10

said step of etching said side surfaces of said | %er_ of polysilicon
further cepppPPaeRisdppgicigudahnave awt berastassribsdirdesaibas Hokidot assi um
hydr oxi de etchant solution. 6. A nethod for shallow trench isolation
conpr i si nghnacessaplysohsauge aspegisrofdheqiresetinientiorle over a seni conduct or
substrate; depositing a |layer of polysilicon over said |ayer of silicon
nitride;

10 Figure 1 illustrates a method for shallow trench isolation in accordance
with one embodiment of the present invention. As shown by step 101, a layer of
silicon nitride (SiN) is deposited over a semiconductor substrate. In the present
embodiment, the layer of silicon nitride is deposited directly over the
semiconductor substrate. In one embodiment, a layer of silicon nitride is

15 deposited having a thickness of from 1000 to 1500 Angstroms.

A layer of polysilicon is then deposited as shown by step 102. In the
present embodiment, the layer of polysilicon is deposited directly over the
silicon nitride layer. In one embodiment, a layer of polysilicon is deposited

20 having a thickness of from 800 to 1500 Angstroms.

As shown by step 103, a layer of tetraethylorthosilicate (TEOS) is

deposited. In the present embodiment, the layer of TEOS directly overlies the



depositing a layer of tetraethylorthosilicate over said | ayer of
polysilicon; etching said |ayer of tetraethylorthosilicate and said |ayer
of polysilicon such that an opening is %Prned t hat extends through said

| ayer of 20 tetraethylorthosilicate aﬁﬂ sai d |l ayer of polysilicon, said
openi ng exposi ng side surfaces of said |layer of polysilicon; etching said

side surf . ' b 1.1 ; : - ry etch
Step so aBopSPE e, IEHER mnedl & R ol TERR S BebBb Y Hednd, §
trench isgl.ating reqio f, sal em,.conduct or substrate; depositing

di el ectri 'ﬂ%ﬂe«?gi%ﬁ%@gbogépd%g@n33%ﬁm§'or substrate, said 5 dielectric
filling said trench; and polishing said substrate so as to forma structure
that includes a top surface of said dielectric material, said top surtace

of said dielectric material having reduced dishing. 10 7. A nethod for
shall ow trench _jsolation as recited {n C ai.m 6, wherei,n depgsifin
ngﬂs%{ieroéﬁ%i ting

diel ectric oveFIQHPs 25EhSREWARMR EYRMPIARY SERIEORIHAIPLFURSY
silicon dioxide over said sem conductor substrate. 8. A nethod for shallow
trenct? i sdParioSoldsigrer il thayei bean perermed spRsytofgrmdaysn & siigon _itide ng sai d
| ayer of tetraethylorthosilicate prior to depositing dielectric over said
seni condu€®idY) % layar ol pelysiicon (RO fand kewar pbw-iﬂiﬁc ht ¢apbasesn that,
recited in Claim8 wherein 20 said |ayer of tetraethylorthosilicate has a
t hi cknessirptheppregeshembodimaaat, 15 tayar ¢ silisep. nitridexdirently gvemaththe f or
shal low trench isolation as recited in Caim9 wherein

semiconductor substrate and the layer of polysilicon directly overlies the layer of

silicon nitride. The layer of TEOS directly overlies the layer of polysilicon.

10  However, the present invention is well adapted for the use of other structures

and materials including other layers that can be disposed between layers 2-4.

Mask and etch steps are performed as shown by step 104. In the present
embodiment mask and etch steps form an opening that extends through the
15  TEOS layer and through the polysilicon layer. In the present embodiment, a
la)’/er of photoresist (not shown) is formed over TEOS layer 4 and is exposed so
as to form a desired shallow trench isolation pattern. The photoresist is then
etched during a first etch so as to remove portions of TEOS layer 4 in the
desired pattern. In one embodiment, a wet etch process is used to etch TEOS
20 layer 4. Figure 3 shows the structure of Figure 2 after mask and etch steps have

etched opening 5 that extends through TEOS layer 4.

Continuing with step 104, in the present embodiment, the photoresist is

removed and a second etch is performed so as to etch through the polysilicon



said polysilicon |layer has a thickness of between 900 and 1500 Angstrons.
11. A method for shallow trench isolation as recited in Caim6 wherein 5
said step of polishing said substrate further conprises performng a

cheni cal nechani cal polishing process -3d-as to forma dielectric plug
having a planar top surface. 12. A nethod for shallow trench isolation as
recited in aim6 wherein 10 said step of polishing said substrate further
conpr i ses'3Y&F-f Bt hejyegeehempedimeridhafesand ieh &ha ﬁg'e&t'% é’é(g" Patas to
remove said polysilicon Ia?/erJ thereby formng a _dielectric plug that fills
sai d t r enSfleshely Femowes PalysilisrRr this, die PYRBY'NI T EQSIRYSRCE &S 3 masiow
trench isolation as recited in Caim12 wherein 15 sai@? step of etching

sai d si defytehipgdhe polysiligondgysr isthe sepg Paitemm Al &f e 593 daYeli ppi ng
sai d sem conductor substrate in a potassium hydroxi de etchant solution. 14.
A et hod PBF tahalicennitfidadayarsntapp e elehisdent &4 onR el Ll her 20
conprising: depositing a |ayer of polysilicon prior to et%hing said silicon
nitride | B9eenthaghdaagdny gish papcessdon selestivelyreravinghenlysilicons ladhe o et hod
for shallow trench isolation as recited in Caim14 further conprising:

per f or ni n§MiPdiReALShawD ¥t Ejguse domask ang @ich siep 694d%§5§vvﬂitﬁd1 &l ectric
over said sem conductor substrate. 5 16. A shallow trench isolation,

st r uct ur e etdhegrthequah bethsERPSIaYact andspAI¥sifieRR 1aY8Y St aste AR apesitsed
therein; and a dielectric |layer disposed within said trench and having a
top surfabe thaieby.sidesHEaces S aalysilicondanans &g e¥ePse%i ng of said
dielectric layer, said top 10 surface planar as a result of extending the

| at eral edges of said dielectric | ayer beyond the edges of said trench
prior to the chem cal nechani cal polishing of

10 Referring now to step 105 of Figure 1, an etch is performed to etch the
exposed side surfaces of the polysilicon layer. In the present embodiment, the
etch of step 105 is a selective etch that selectively etches polysilicon. More
particularly, the polysilicon is etched while little or no TEOS or silicon nitride is
removed. In one embodiment, etch step 105 is a wet etch in which the structure

15  of Figure 4 is dipped into a potassium hydroxide etchant solution. However,
alternatively, other etchants could be used for selectively etching the exposed

side surfaces of the polysilicon layer.

Figure 5 shows the structure of Figure 4 after step 105 has been
20 performed so as to etch polysilicon layer 3, forming side surfaces 7. It can be
seen that side surfaces 7 are moved laterally with respect to side surfaces 6 of

Figure 4 a distance D.



said dielectric layer. 17. The shallow trench isolation structure of Caim
16 further conprising: 15 a layer of silicon nitride disposed over said
sem conduct or substrate, said trench ex@%nding t hrough said | ayer of
silicon nitride, and said |ayer of silicdn nitride having a fop surface
that is planar with said top surface of said dielectric layer. 20 18. The
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surfacgs of said polysilicon prior to deposition of said dielectric |ayer.
10 20. The shallow trench isolation structure of Caim1l7 wherein said
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A TEOS removal step is performed as shown by step 108 to remove the
TEOS layer. In the present embodiment, hydrofluoric acid is used to remove the
TEOS layer. Figure 8 shows the structure of Figure 7 after TEOS removal step

15 108 has removed TEOS layer 4 shown in Figures 2-7.

Dielectric material is deposited as shown by step 109 of Figure 1. In the
present embodiment, silicon dioxide is used as a dielectric material and a high-

density plasma deposition process is used to deposit the silicon dioxide.
20

Figure 9 shows the structure of Figure 8 after step 109 has deposited

dielectric material 15. It can be seen that dielectric material 15 fills trench 10. In
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trench prior to beginning the chemical mechanical polishing process, dishing of
dielectric during the chemical polishing process is minimized. More particularly,
due to the different removal rate between polysilicon layer 3 and the oxide
material of dielectric material 15, an oxide hump or protrusion develops across
15  the trench that is illustrated in Figure 10. This hump is useful as it acts as a
cuchion during the chemical mechanical polishing process. Thereby the oxide

dishing effect is reduced, giving a planar top surface.

Figure 11 shows the structure of Figure 10 after the chemical mechanical
20 polishing process has been completed. Upon completion of the chemical
mechanical polishing process as shown in Figure 11, the top surface 20 of
dielectric material 15 is planar with respect to the top of silicon nitride layer 2.
More particularly, the top surface is only slightly recessed, if recessed at all, with

respect to the top surface of silicon nitride layer 2.
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The methods of the present invention have been found to form shallow
trench isolation structures having a protrusion of 2.1 nanometers or for edge die
and protrusion of approximately 3 nanometers for center die (when the
chemical mechanical polishing process removes approximately 59 Angstroms

5 of the silicon nitride layer). When 124 Angstroms of the silicon nitride layer is
removed during the chemical mechanical polishing process, shallow trench
isolation structures are formed having recesses of approximately .8 nanometer
for center die and recesses of approximately 1.8 nanometers for edge die.
When more polishing is performed so as to remove 260 Angstroms of the

10  silicon nitride layer, shallow trench isolation structures are formed having
recesses of approximately 4 .8 nanometers for center die and recesses of
approximately 5.2 nanometers for edge die. When even more polishing is
performed so as to remove 370 Angstroms of the silicon nitride layer, shallow
trench isolation structures are formed having recesses of approximately 6.3

15  nanometers for center die and recesses of approximately 5.8 nanometers for

edge die.

For purposes of the present invention, any surface having a deviation
(recess or protrusion) of less than 6.5 nanometers is considered to be planar.
20  Accordingly, even when as much as 370 Angstroms of silicon nitride layer are

removed, the method and apparatus of the present invention produces a planar

top surface.
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Though method 100 of Figure 1 and Figure 7 show an oxidation step 107
to be performed, oxidation step 107 (liner oxidation) is optional. Also, TEOS
removal step 108 is optional. When TEOS removal step 108 is not performed,
the chemical mechanical polishing process of step 110 is used to remove t'he

5 TEOS layer.

~

Because the top surface of the semiconductor substrate is planar as a
result of elimination of all, or at least substantially of the dishing during chemical
mechanical polishing, the method and apparatus of the present invention

10  provides a superior shallow trench isolation structure as compared to prior art
shallow trench isolation structures having significant dishing. Therefore, the
method and apparatus of the present invention allows for formation of overlying
layers and structures that are more uniform than those formed over prior arnt
shallow trench isolation structures having significant dishing. Thus;, the present

15 invention provides manufacturability and yield improvements as compared to

prior art processes.

The foregoing descriptions of specific embodiments of the present
invention have been presented for the purposes of illustration and description.
20 They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are possible
in light of the above teaching. The embodiments were chosen and described
in order to best explain the principles of the invention and its practical

application, to thereby enable others skilled in the art to best utilize the
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appended hereto and their equivalents.
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What is claimed is:

5 1. A method for shallow trench isolation, said method comprising:
depositing a layer of polysilicon over a semiconductor substrate;
depositing a layer of tetraethylorthosilicate over said layer of polysilicon;
etching said layer of tetraeth)-llorthosilicate and said layer of polysilicon

such that an opening is formed that extends through said layer of
10 tetraethylorthosilicate and said layer of polysilicon, said opening exposing side

surfaces of said layer of polysilicon;

etching said side surfaces of said layer of polysilicon such that said side

surfaces are extended laterally; and

wherein, upon subsequently forming a trench beneath said opening, and
15  subsequently depositing dielectric material such that said dielectric material fills
said opening and fills said trench, said lateral extension of said side surfaces
reducing dishing of said dielectric material during chemical mechanical

polishing of said dielectric material.

20 2. A method for shallow trench isolation as recited in Claim 1 further
comprising:
removing said layer of tetraethylorthosilicate prior to depositing dielectric

over said semiconductor substrate.
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Angstroms.

4. A method for shallow trench isolation as recited in Claim 3 wherein

said polysilicon layer has a thickness of between 900 and 1500 Angstroms.

5. A method for shallow trench isolation as recited in Claim 1 wherein
10  said step of etching said side surfaces of said layer of polysilicon further
comprises dipping said semiconductor substrate in a potassium hydroxide

etchant solution.

6. A method for shallow trench isolation comprising:

15 depositing a layer of silicon nitride over a semiconductor substrate;
depositing a layer of polysilicon over said layer of silicon nitride;
depositing a layer of tetraethylorthosilicate over said layer of polysilicon;
etching said layer of tetraethylorthosilicate and said layer of polysilicon

such that an opening is formed that extends through said layer of

20 tetraethylorthosilicate and said layer of polysilicon, said opening exposing side

surfaces of said layer of polysilicon;

etching said side surfaces of said layer of polysilicon;
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depositing dielectric material over said semiconductor substrate, said

5 dielectric filling said trench; and

polishing said substrate so as to form a structure that includes a top
surface of said dielectric material, said top surface of said dielectric material

having reduced dishing.

10 7. A method for shallow trench isolation as recited in Claim 6 wherein
depositing dielectric over said semiconductor substrate further comprises

depositing silicon dioxide over said semiconductor substrate.

8. A method for shallow trench isolation as recited in Claim 7 further

15  comprising:

removing said layer of tetraethylorthosilicate prior to depositing dielectric

over said semiconductor substrate.

9. A method for shallow trench isolation as recited in Claim 8 wherein
20 said layer of tetraethylorthosilicate has a thickness of between 1000 and 1500

Angstroms.
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11. A method for shallow trench isolation as recited in Claim 6 wherein
5 said step of polishing said substrate further comprises performing a chemical
mechanical polishing process so as to form a dielectric plug having a planar top

surface.

12. A method for shallow trench isolation as recited in Claim 6 wherein
10  said step of polishing said substrate further comprises performing a chemical
mechanical polishing process so as to remove said polysilicon layer, thereby

forming a dielectric plug that fills said trench and that has a planar top surface.

13. A method for shallow trench isolation as recited in Claim 12 wherein
15  said step of etching said side surfaces of said layer of polysilicon further
comprises dipping said semiconductor substrate in a potassium hydroxide

etchant solution.

14. A method for shallow trench isolation as recited in Claim 11 further
20 comprising:
depositing a layer of polysilicon prior to etching said silicon nitride layer

and said substrate so as to form a trench.
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performing an oxidation step prior to said step of depositing dielectric

over said semiconductor substrate.

16. A shallow trench isolation structure comprising:
a semiconductor substrate having a trench disposed therein; and

a dielectric layer disposed within said trench and having a top surface
that is formed by chemical mechanical polishing of said dielectric layer, said top
10 surface planar as a result of extending the lateral edges of said dielectric layer
beyond the edges of said trench prior to the chemical mechanical polishing of

said dielectric layer.

17. The shallow trench isolation structure of Claim 16 further comprising:

15 a layer of silicon nitride disposed over said semiconductor substrate, said
trench extending through said layer of silicon nitride, and said layer of silicon
nitride having a fop surface that is planar with said top surface of said dielectric

layer.

20 18. The shallow trench isolation structure of Claim 17 wherein said

dielectric layer comprises silicon dioxide.
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that side surfaces of said layer of polysilicon are exposed, and dipping said
semiconductor substrate in an etchant solution so as to etch said side surfaces

of said polysilicon prior to deposition of said dielectric layer.

10 20. The shallow trench isolation structure of Claim 17 wherein said
lateral edges of said dielectric layer are extended beyond the edges of said
trench by depositing a layer of polysilicon over said layer of silicon nitride,
depositing a layer of tetraethylorthosilicate over said layer of silicon nitride,
etching said layer of tetraethylorthosilicate and said layer of polysilicon such

15 that side surfaces of said layer of polysilicon are exposed, and dipping said
semiconductor substrate in a potassium hydroxide etchant solution so as to
etch said side surfaces of said polysilicon prior to deposition of said dielectric

layer.



