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difficulty for the design of a deV| ce I solation structure al so
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is limted by its bird s beak structure, to further reduce its di nmension

poses sone difficulties. As a result, other device isolation nethods
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structure is nost conmonly apﬁﬁﬁGR@&@@?ﬁW@w manuf act uri ng

of the deep su ron integrated circuit. The fabrication of a

shal | ow trencﬁlqléﬁgﬁlel Igyendiopuct ure is typically acconplished by usi ng

silicon nitride as a hard mask and defining a steep trench in a
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material is further filled in the
More particularly, the present invention relates to a fabrication method for a shallow

trench isolation structure.
10
Description of the Related Art
The reduction of the device dimensions and the expansion of the circuit
integration are the developmental trend in today’s integrated circuit (IC) industry. As
the device dimension becomes smaller and the integration grows higher, the device
15 isolation structure also needs to be decreased, and hence the technical-difficulty for the
design of a device isolation structure also increases. The device isolation structure
includes a field oxide layer formed by local oxidation (LOCOS). Since the field oxide
layer is limited by its bird’s beak structure, to further reduce its dimension poses some
difficulties. As a result, other device isolation methods are gradually being developed
20 and the shallow trench isolation structure is most commonly applied, especially in the
manufacturing of the deep sub-micron integrated circuit.
- The fabrication ef a shallow trench isolation structure is typically accomplished by
using silicon nitride as a hard mask and defining a steep trench in a semiconductor

substrate by an anisotropic etching method. An oxide material is further filled in the
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-2- ‘ trench to formanoxi de plug, which becones the shallow trench
i sol ati on SIhlislSﬁEeUHfs Bfn Reﬁg the device. In the conventional practice,

however , “ﬁat t he border of the silicon oxide plug
S partly re mm) ulted in a corner effect. As a result, in the
subsequent rocess, for ex nple the formation of the source
el ectrode and the drain el ectrode y~ion inplantation, an

accurrul ati on of charges may devel op at t he border corners of the

recessed regi ORrenllpRS BHHERT bXide %@Qﬂﬁémwﬁ&é@ttﬂé SBA1RIW trefich isolation tsf@cture of
transi stor channel is devel oped and a kink effect is resulted, |eading to

an inmproper dew&nCtIh?rﬁ‘]' Qe 10&@?81%%3 Qﬁ_rl a{)@l\%\efﬁfo\ﬁ?m APiRY, fr{fér df the

pol y-stringer. R reso em a

formngthetrench er .oxi de | aye storrred al e inner

of the trench, SHEPPGH lﬂ Wﬁéegaﬁégwu ghiy g pomer e effe 3p| AS vt dhe
vapor deposition (HDPCVD) process to forma silicon oxide

In the convent isobseiquentapanufacturing proessofdrdampieeithd forgiatipn y)fft  seufoy ielectrode
t her mal oxi dation by placing the wafer in a furnace. The entire

heat i ng/ cool i ngndykd éraitsé¢lagrode by ion implahadios, dn&cb@ﬂﬁglatﬂih@fl&hﬁfghﬂgiagl deltlog at
cycle requires at |east several hours, however for each cycle, the

furnace can 0“!{1% e BOARIERAGS Bf the x‘e&gs@djr%'ﬁfiﬁt 'é ue\‘}%' %r?abn-gi'ﬁxal sr]ubthreshold in

t hr oughput of e entire process beco mte I'n addition

thi ckness of t Qh transistor &anﬁieq 1S 8¥VCIiOﬁMa ang agklgl\é\%ffé% '{ﬁt IRE%A ﬁl’ ef OI’ &l S nOt

easy to control.

20 The present_jnvention provides a fabrl catlon met hod for a
shal | ow t r ench functioningsefithg iransistarroschedevelopmegt ehepelysitiingtdis to form a
| iner oxide layer to mtigate the corner effect, thereby resolving

t he rel at ed probl elmsorder tovesbl¥e thmabbee problear, aftef ﬁn'ming the trench, a tideli ¢xida Jayer
the application of the present invention reduces the processing tinme and

g ][1][122 tcle\S;elt f;@ t li§ @drekAUAlongd AR nRECWARSST BE thenh, folletvel DY EorididtiAg AChiBR density
plasma chemical vapor deposition (HDPCVD) process to form a silicon oxide plug.

In the conventional practice, a liner oxide layer is simply formed via a thermal

oxidation by placing the wafer in a furnace. The entire heating/cooling éy(:lle using a

furnace is long. The heating/cooling cycle requires at least several hours, however for

15 each cycle, the furnace can only accommodate a limited quantity of wafers. The

throughput of the entire process becomes limited. In addition, the thickness of the

oxide layer which grows with time, therefore is not easy to control.

SUMMARY OF THE INVENTION
20 The present invention provides a fabrication method for a shallow trench
isolation structure using the ozone gas to form a liner oxide layer to mitigate the corner
effect, thereby resolving the related problems derived from the corner effect. In
addition, the application of the present invention reduces the processing time and

enhances the throughput. The thickness of the liner layer can also be effectively



- 3- ) controll ed. The present invention provides a

fabrication nethod for a shallow trench i sol ation structure. Thi s
met hiod i ncl udes form ng a pad oxide |ayer on the substrat ﬂ?hlsSheetHasBéerL

by the formation of a hard nask on the pad oxide |ayer.
5 defined, through the hard mask and Bhe pad oxi de Iayer mmwﬂulm m
substrate. After t he formation of the trench, the's

pl aced in an ozone gas environment. The ozone gas is irradiated with

an ul travi ol etcohirgléd.t o forma |iner oxide |ayer of approxi mately 30
A to 200A thick. An insul ation plug is further deposited, filling the

trench. 10 ?ﬁs@éﬁtdin'?&mﬂd?l tp?@w&@t Q%bﬁ@dﬁ'rohoﬂx%ﬂloabﬂ*e sMllow trenc

irradiating with an uI avi ol et light, the ozone gas dlrect y reacts

h th I f
Vi ner oxi de | Agapabh piReREEDFRY n’?#ﬁ%fﬁén%buﬁa % Hidd, S50 il vy 1 Y e
rotul t the ottowed by dfe hstiativn Of g daesk opsthe pad oxide Ji5€7.< A grapeh i then

understood that both the foregoing gener aI descrl ption and the
fol | owing det alefined,dheueh the bardamesle aadrtheapad oxide laye, imthermibsirate pAfier te

further expl anation of the invention as clained.

BRI EF DESCRI PTofthitidn dfHthe RAGhNEES subfdtrate is placed Theand6£6HEPEUYervVarodmaid. NOfhe
are included to provide a further understandi ng of t he invention, and

are incorporat@gnd adNd FRORdD With anPaftavidlet ! iR P %6t 'ac,?ﬁklorb)u q:?ayer of

drawi ngs illustrate enbodi ments of the inventio and t oge

description, . approxnﬁgtél\g'eBOtR 1§58 & Hick" eA%rlhsrﬁ(fatp ug 1s I’urt‘la‘lell' (ri]é/p%glitécp r}‘lhng thehe

dr awi ngs,
trench.

10 _ According to the method mentioned above, by irradiating with an ultravioiet
light, the ozone gas directly reacts with the silicon on the exposed surface of the trench
to form a liner oxide layer. The duration of the process in forming the liner oxide
layer decreases from the traditional several hours to a few seconds. As a result, the
throughput is improved.

15 It is io be understood that both the foregoing_ general description and the
following detailed description are exemplary, and are intended to provide further

explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The accompanying drawings are included to provide a further understanding of
the invention, and are incorporated in and constitute a part of .this specification. The
drawings illustrate embodiments of the invention and, together with the description,
serve to explain the principles of the invention. In the drawings,

Figures 1A to 1F are schematic, cross-sectional views showing the



Figures® YA—to —IF—areschematic, cross-sectional views show ng the
manuf acturif { _shal l ow trench isol ation structure.

DESCR! PTI ENVBCODI VENT Figures 1A to 1F are
schemati c, views showing the 5 manuf acturing steps of a
shal l ow tren ructure. - Referring to Figure 1A a
pad oxi de | ayer 102 is formed:on a silicon substrate 100 to protect
the surface of the substrate 100. The pad oxide |layer 102 is going to be
removed in a subsequent process before the formati on of the gate oxide

| ayer. The padmyapufactufifil 9@ps 8V£5halldw thehch MRI0A!strhctuld, Med by chemi cal vapor
deposition, and Is preferaBIy to 10 have a thickness of approxinmately 100
to 150[err]. A hard mask | ayer 104, for exanple, a nitride | ayer of
approximately 1000 to 3000[err] thick, is forned covering the pad oxide

| ayer. By means of photolthQ . ayer 102 is
defi ned to expose zpé e 'Pdrlugéf&?ﬁe pa b&ﬁ&ﬁ g@@@%ﬁtl | owed by a
sequential etching of the exposed pad oxide | ayer 102 and the silicon
substrate 100 to foFigusest righcte 106, arpheschamatieie prosswectianal t viswsh showings the
approximately between 0.2 mcron to 0.8 mcron, preferably around 0.4
m cron. The acinaabfadmphp steps bflaEshallewafbni:ﬁ(ﬁsdlaiod&namiﬁmt on the di nensions
of the desired device. As shown in Figure 1B, a thernmal

oxidation is condUCR%ftrﬁ@%t@F@@e iA”EEa@é‘xﬂﬁ layer 102! 8Y8fmdd8n &l b Y strate
exposed surface of the substrate in the trench” 106. The thickness 20 of

or ot er bl e Lo 0 RhhheirBRR e ERule 0L IEE ot b AU R ehReBTE,

108 .

removed in a subsequent process before the formation of the gate oxide layer. The pad
oxide layer 102 is, generally formed by chemical vapor deposition, and is preferably to
10  have a thickness of approximately 100 to 150A. A hard mask layer 104, for example,
a nitride layer of approximately 1000 to 30004 thick, is fomed covering the pad oxide
layer. By means of photolithography and etching, the hard mask layer 102 is defined
to expose a portion of the pad oxide layer 102, followed by a sequential etching of the
exposed pad oxide layer 102 and the silicon substrate 100 to form a trench 106. The
15  depth of the trench 106 is approximately between 0.2 micron to 0.8 micron, preferably
around 0.4 micron. The actual depth of the trench 106 is dependent on the dimensions

of the desired device.
As shown in Figure 1B, a thermal oxidation is conducted to form a liner oxide
layer 108 along the exposed surface of the substrate in the trench 106. The thickness
20 - of the liner oxide layer 108 is approximately between 30 to 2004, and is more
preferable to be between 30 to 50 A. The formation of the liner oxide layer 108
includes placing the substrate 100 in an ozone gas environment, followed by an
irradiation with an ultraviolet (UV) light to decompose the ozone gas and to react with

the exposed silicon surface. The ratio of the ozone gas volume to the total gas volume



i ncl udes placing the substrate 100 in an ozone gas environment, followed by
an irradiation with an ultraviolet (UV) light to deconpose the ozone
gas arb sheet ety N t he exposed silicon surface. The ratio of the

fa

ozone a‘ﬁe total gas vol une '
- 5- HEM lP ozone) is approxdmately 5 to 13% The wavel ength for
t he I s approxi mately between 193nmto 254nm

The oxygen density of the |liner oxide |layer 108 fornmed by the UV |ight
i rradi ated ozone gas can be determ ned by the G acing |Incidence X-Ray

Ref | ectr OMBL I Y(oxygen +oElis affiskiatdlp’s T 109, X iR RidnBf foP BRIV IR Burce

X
e
I ndi cat es that t%g oxygen 'density the lI'iner oXi l'ayer

formed accordin e t jdaventi is simlar to the oxi de

| ayer forned b‘)?%the%rx@%ef%(tf%‘g%noiﬁnfrhtoﬁgf'?’i'on, an etching conducted on a
i ner oxi de er 108 forned _by the ult{raviolet |jght_and chlorine
(W/d[err]) resul tﬁ%/ (PXygen dfensﬂy PhheJwer oxiges layer d08 nopmed thyr then JV light
silicon surface. These results further support that 10 the oxide |ayer
formed by the ordintedyeronh ges bart bedetemiingd by the Guacingdneideree XiRiay Reflectrometry
W light irradi ated ozone gas to formthe |iner oxide |ayer 108 only
requires plsaci (GIXR)e Result foraiithty-fiyarefl@dironietaNstod0iili@as that\thé oRyEMt ddnSity @
few seconds or |ess, thereby can effectively increase the

t hr oughput . ; ; L. qF | | : f
appr oxi mat el y %%%lg htngr oﬁlgeﬁyﬁggg?gﬂrtﬁd %c%%dsnég ?‘g?)rrréasgﬁtgilrr\@%%e lgr%gﬁﬂrraarsé%g
| ayer 104. The_j. kon | 110, l.ch ..fills the trench, 106,.1i S
typically for n%’%}g%g yg{ ﬁ%@ﬁﬁ%ﬁé‘a az%%!?{éo%helﬁiaéigfuo\?aﬁ%Fthung cong'bcgfj%gli‘ gilipgr
(APCVD) with, far, exanple, an i d terial. After a densjification_
process, condu®fig§ ?@@r ow%af‘l”é‘ﬁg gﬁyaﬁ‘ﬁ ;T‘BUBYIOIEG digbt apd chigsine S YSila | rpsults inpan
approximatley 30 m nutes, an insulation layer 110 with a denser structure
is formed. 20mpraved systace aonghpessHior the silitom susfacérat Thase results filrthienisuppret thaof

the insulation layer 110 is
10  the oxide layer formed by the ozone gas has better integrity. Furthermore, using the

UV light irradiated ozone gas to form the liner oxide layer 108 only requires placing the
substrate_ 100 in an ozone gas environment for a few seconds or less, thereby can
effectively increase the throughput.
As shown in Figure 1C, an insulation layer 110 of approximately 9000 to
15 11000A thick is formed on the hard mask layer 104. The insulation layer 110, which
fills the trench 106, is typically formed by atmospheric pressure chemical vainor
deposition (APCVD) with, fcr example, an oxide material. After a densification
prdcess, conducted below a temperature of 1000°C for approximately 10 to
approximatley 30 minutes, an insulation layer 110 with a denser structure is formed.
20 An important point to note is that the actual thickness of the insulation layer 110 is
dependent on the actual depth of the trench‘ 106 and the actual thickness of other
deposited layers.
As shown in Figure 1D, after the densiﬁcation process, with the hard mask layer

serving as an etch stop layer, chemical mechanical polishing (CMP) or etching-back is



dependent on the actual depth of the trench 106 and the actual thickness of

ot her deposited | ayers. As shown in Figure ; er the
densification process, with the hard mask | ayer servi ng; 535, 2N etch
stop | ayer, chem cal nechanical polishing (CW) or etching-b HHSBeenRep,ac
- 6- conducted to renove the_igsul ation |ayer 110 on W ed
| ayer 104, |eaving an i nsulation plug 110a in the tren ﬂﬁ”/
Referring to Figure 1E, the hard nmask |layer 104 is further renoved to

expose the pad oxi de layer 102 and the insulation plug 110a that is

hi gher than the pad oxide layer 5 surface. The hard mask |ayer 104 is
removed by, forcondustgsl o remaygtthe iesyjstion daper 110 on thelhard syask layer 104, leavingsan
shown in Figure I'F, the pad oxide |ayer 102 is renoved, for exanple, by
soaki ng i n a hysbudgien phigibrdade thddrgnchol uti on. Al ong the renoval of the pad

oxi de | ayer 102, a portion of the insulation plug 110a is al so
removed. 10 = Reféﬂ*m%%o F%\P@lﬁﬁﬁéhﬁﬂ%ktlﬁﬁfr 1085 urther feRicR8AkdBxpose the
general description and | owi ng detail ed description are

ie)r(l \e/gﬁlt ?g%’ agnglpgcri %nggtl%]eqeigfaﬂd% nﬁlﬂgu(tnufalhgeirl Oa MJIS ?égﬁq‘.ﬁwrhagfox%}e layer

5 surface. The hard mask layer 104 is removed by, for example, a hot phosphorous
solution.

As shown in Figure IF, the pad oxide layer 102 is removed, for example, by
soaking in a hydrogeh fluoride (HF) solution. Along the removal of the pad oxide
layer 102, a portion of the insulation plug 110a is also removed.

10 It is to be understood that both the foregoing general description and the
following detailed description are exemplary, and are intended to provide further

explanation of the invention as claimed.



1. A fabrication nethod for a shallow trench isolation structure conpri sing

t he steps of: provi ding a substrate; 5

form ayer on the substrate; formng—athard—
rrasklllllmmﬁ“mﬂnrmmstrate removing a portion ﬂ}‘ he hard

mask |*ayé&r,*tht pad “oxi de | ayer and the substrate to for eplaced
I n the substrate; subj ecting the substrate in an I
environnment and irradiating with an 10 ultraviolet light; an

filling an insulation plug in the trench. 2. The

fabrication nmethod for a shallow trench isolation structure according to

claim1, wherei{Ae9edQxideig.ayer is approximately 100 to 150[err]. 15
3. The fabrication nethod for a shallow trench isolation structure

according to Ci .a' H‘f&bnc\ﬁﬂgﬁﬁmﬁlﬁdr}?r g@ﬁglo'wa%néh ﬁ%tdbr? st@u&fnle C%P:ﬂ)rlsmg the

nitride | ayer. rication ne
trench isolation structure according to 20 claim1l, V\/nerel n the har d
mask | ayer is éﬁﬂsd’ba mat el y 1000 to 3000[err] thick. 5.
The fabrication method for a shallow trench isolation structure according
to claimi1, whgowriding hsubsiratach i s approxi mately between 0.2 micron to
08 m cron deep.

5 forming a pad oxide layer on the substrate;

forming a hard mask layer on the substrate;

removing a portion of the hard mask layer, the pad oxide layer and the substrate

to form a trench in the substrate;

subjecting the substrate in an ozone gas environment and irradiating with an
10  ultraviolet light; and

filling an insulation plug in the trench.

2. The fabrication method for a shallow trench isolation structure according to
claim 1, wherein the pad oxide layer is approximately 100 to 150A.

15

3. The fabrication method for a shallow trench isolation structure according to

claim 1, wherein the hard mask layer is a silicon nitride layer.

4. The fabrication method for a shallow trench isolation structure according to

20 claim 1, wherein the hard mask layer is approximately 1000 to 3000A thick.

5. The fabrication method for a shallow trench isolation structure according to

claim 1, wherein the trench is approximately between 0.2 micron to 08 micron deep.



6. The ‘fabrication method for a shallow trench isolation strueume\\cm.\
accor‘di—rr‘g—i—tj\t;La.i_m 1, wherein the trench is approximately 0.4 mcr
deep. 7. The fabrication nethod for a shallow tr'féassliaem

|solat| , "M!mi”!ﬁordlngto 5 clalml wherein a liner ac
| ayer i Teor he surface of the8trench in an 0z0 y”/////”IN”/
environnent, which is under an irradiation by an ultraviolet |ight.

8. The fabrication method for a shallow trench isolation structures

accordi ng claim7, wherein the liner oxide |layer is approximately 30

to 200[err] thick. 10 9. The fabrication nmethod for a

shal | ow trench i sol & i orhedebrigation methadoforarshaliqy trench isoletigh girgcturghaacerding ke

| i ner oxide layer is approximately 30A to 50A 10. The
‘fabrication nmetchaim If, wheeeis el ttench israppedximaelypd. 4 ancsnrdeepur e according 15

to claim1, wherein the insulation |layer is approximtely 9000[err] to

-11000[ err] thick. 11. The fabrication nethod for a shall ow
trench isolation structure according to claim1, wherein after the
formati on of the insul [t

densification pr oceZ’;l ﬁﬁ,fgﬁbrﬁc%}‘gﬁ "Ieﬂmd%r Tfﬂgﬁl%wﬁ acbh (S log(r%{}greﬁ %o%%?%ln%to
shal l ow trench |solatipn strycture accordi to clalml erein the
ozone envi rdnmERM; hoVhgiem 3 nerzgﬁgeg%rdﬁgg@pdogggy@%ﬁhegagrface of m CBh‘é‘ an

ozone gas is approximately 5%to 13% of a total gas vol une.
ozone environment, which is under an irradiation by an ultraviolet light.

8.. The fabrication method for a shallow trench isolation structures according
claim 7, wherein the liner oxide layer is approximately 30 to 200A thick.
10
9. The fabrication method for a shallow trench isolation structure according to

claim 7, wherein the liner oxide layer is approximately 304 to 50A.

10. The fabrication method for a shallow trench isolation structure according

15 1o claim 1, wherein the insulation layer is approximately 9000A to 11000A thick.

11. The fabrication method for a shallow trench isolation structure according
to claim 1, wherein after the formation of the insulation layer further includes
cohducting a densification process.

20

12. The fabrication method for a shallow trench isolation structure according

to claim 1, wherein the ozone environment includes an ozone gas and an oxygen gas,

and the ozone gas is approximately 5% to 13% of a total gas volume.



13. A fabrication nethod for a shallow trench isolation structure, the

met hod conmpri-si-ng-the steps of: prow
. , _ f

wherein _t he su orrprl ses an pad oxi de | ayer; ormng a

har d l’l 5“ ﬁﬂ pad oxide layer; 5 f or nf laced

whi ch’ e hard mask I§yer and the pad oxide ’lu mf
S

expose _a po t__n_ of _the substrate,; deconposi n

by an ul travi ol et light to react with an exposed portion of t
substrate, so as to forma liner oxide |ayer along a surface of the trench;
formng an insulation plug in the trench. 10 14. The

fabrication nmethod for a shallow trench isolation structure according.
to claim13, whereilB.t he faliripation method forapihaliswrtednshyisdaiar sfudtare? (@] methpd

t hi ck. 15. The fabrication nethod for a shallow trench
i sol ati on struohprdimchesdpng: 15 to claim 13, wherein the |iner oxide
| ayer is approximately 30[err] to 50[err] thick. 16. The

fabrication method f@¢idheSalbs@ielwRaeh théemhhmoﬁ{ 64 A FacRGRAL BvRg

to claim 13, wherein an ozone environment Includes an ozone gas and an
oxygen gas and the ozone | S _appr.oxi 5%to 13% of the total
vol ure. f(j)rmmg ahard mgﬁ%ﬁ%&%ﬁ@ %ﬁ&éﬁ’ et :

29 SEP 1999 ) .
_ 5 forming a trench, which passes through the hard mask layer and the pad oxide

layer to expose a portion of the substrate;
decomposing the ozone gas by an ultraviolet light to react with an exposed
portion of the substrate, so as to form a liner oxide layer along a surface of the trench;

forming an insulation plug in the trench.

14. The fabrication method for a shallow trench isolation structure according

to claim 13, wherein the liner layer is approximately 30A to 200A thick.

15. The fabrication method for a shallow trench isolation structure according

15 .to claim 13, wherein the liner oxide layer is approximately 30A to 50A thick.

16. The fabrication method for a shallow trench isolation structure according
to claim 13, wherein an ozone environment includes an ozone gas and an oxygen gas

and the ozone gas is approximately 5% to 13% of the total volume.



