, ; CDe3e-1n-.">6Tn! & 1 RAPI D THERVAL ANNEALI NG OF SI LI CON STRUCTURES FI ELD OF
| N\VENTION 5 The present invention relates’to rapid thermal annealing (RTA)
in the fabrication of sem conductor deviices and particularly, but not
exclusively, to the use of RTAto reducé defects in high density netal

oxi de sem conductor field effect transistor (MOSFET) devices. BACKGROUND I n
the fabrication gfsPRIMEANINGICANMIFAEENGIOR STLICON'GPRUCTISRESC S O

di sl ocations increases as tne dl mensrons ol el enents the devi ces, and

t he di stance between adjacent el enents, becones smaller and is insufficient
to al | ow FEELDOOEANVIEENTIONmanuf acturi ng 15 processes. Exanpl es of such
processes include photo-Ilithographic nmasking, ion inplantation, and thernal
process steps in which volune changes are thermally generated. Figure 1

shows somrhefpredest sﬁ@aﬁo@frelateknempﬁemeﬁﬁadm?lﬁng WRTAFahi QL BhRGEe8 &Y

whi ch a MOSFET sem conduct or devi ce using shallow trench isolation é?TI)
2.
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regi ons 24evcs. forned by a further ion inplantation step 3. These

i npl antation steps 32, 33 are perfornmed subsequent to formation of the
isolating trenches 21. Nitride spacers 26 are forned in process step 5 and
25 soy ceplikBRGENGS 27 are formed in an ion inplantation step 6. The

i npl antation steps create nucleation sites which increase stresses 25
occurring at the corners of the trenches and contribute to the generation

of dislocatipns ,and .defects .under the influence.of subseguent thernal
teps.  Thibabh drBUPLSE Al e iEPTIDEr diviseh (HCORaIIRPS - S6eHene SHERIGPS
areas. incPea¥bessethb IHAAEH AR RIf RlenfenfiOh th@H&8cRNMDHhe diftdice YeivRRh BRicBitS at
the upper and | ower corners of the trenches can be close to the dislocation

si tes genelemeats, baedmgs smallesrandtip ansuffigientigi allosu Hir WRSPETS de wmapgfactrng
scal ed, down iz chi gv i gher nsit.i,es . r, may gi ns
bet wegsn dg{/olcgiéegl efrEe)}rel‘%ﬁe e@?eguscg , %{%gssglgk%f)]i&lﬁgo (%Q%'Z]tté% ] gigcenr{l&sgﬁi rgés{sogs and

di sl ocat i @fiplaidatibn,ant @lidreaEprobéss RpSH, wisitll volameRhaii@b btd thyrmedlly gehérgledr
nunber of resulting defects on a wafer increases. The increased nunber of
t hese defects and di sl ocati ons can generate high device | eakage

Figure 1 shows some of the steps of a known semiconductor fabrication process by which
a MOSFET semiconductor device using shallow trench isolation (STI) may be
20 manufactured. One example MOSFET device is shown in Figure 2. Shallow isolating
trenches 21 are formed in a STI formation step 1. An ion implantation step 2 forms
wells 22. Gates 23 and lightly doped drain regions 24 are formed by a further ion
implantation step3. These implantation steps 32, 33 are performed subsequent to
formation of the isolating trenches 21. Nitride spacers 26 are formed in process step 5 and

25  source/drain regions 27 are formed in an ion implantation step 6.

The implantation steps create nucleation sites which increase stresses 25 occurring at the
corners of the trenches and contribute to the generation of dislocations and defects under
the influence of subsequent thermal steps. These defects can be a problem particularly in

30 dense memory areas.
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.10 currents. These problens can be mtigated to sone extent by the use of a
rapid thermal annealing step 4 perfornmed after the inplantation of the gate
and lightly doped drain regions in step,3 and perfornmed again, in step 7,
“after the inplantation of the source/drgin regions in step 6. 15 These
known RTA process steps 4, 7 are performed in an inert atnosphere,

typi cal |y yml : i i
ST T o et icgt 3Rt aclf 8 16 LRGSR, PRV BOR, A RE aAFIARF comers,,
densi ty sbf thettrenelkes dandb closakathe dislooatod sites@enearhtet! dudmginpl@Qation. t hese

cases. J-w. Jung, J-S. Roh, Y. Lee, and K Lee, "Two-Step Rapid Ther nal
Anneal ing (TS-RTA) to Suppress Qut-Di ffusion of Dopants w t hout Degradi ng

Short _ChanRehdfiduaf MOSFET ¥a%icsd 8 scalbFBEwWH!if Sz6 90 aBRU ERigh&t densifigh on2l
pp. 376-377, Aug. 2000 describes 25 activation of dopants in the

sour cef dr aiaferathed yargmsdetwieBRIEVicd elanmpats degreasqydbd hislihadd thahedjhéeng stresses
processes, . a TS-RTA . process, sanpl eg.were cessivel y annealed at 700 C
Por 5 m naeedisheigaounipBEeRncERE, 1 oBe RISt s el aiaes ot fnfinggen
gas. | n adefesioad Wilr (fcaktkA) process, sanples were anneal ed at 1000 C for
30 seconds in nitrogen gas or in a mxture of oxygen and nitrogen gases. 30

In Jung et al, the resistance of n-type poly-silicon was said to increase
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was said ectrve Pevent - o
degr ado ngcutaentshort channel effect (SCE). SUMVARY OF INVENTION It is an

obj ect of one enbodi nent of the invention to provide a one-step annealing
process which goes at |east sonme way toward mitigating sone of the problens

of "the, pr TBEsAtionch & @ HisledABRBRLE L LOBLION TR ERchbgadhia e d 1o

be a single-step rapi annea RTA) process by
sem condustepé peafoenedhftershaimglaitetion ofitbe gataghe lighthcdeped draiprighaisidisteg 3

anneal i ng_t he sem conduct or terial at.an elevated tepperature for a

pr edet er nPRCACRITRED ot TEHAR sy e R R SO S Arar SEI0%S iR s i n
the alhsenqaesf kiidWwn RINRHré@Ss stkps BNG S8 MesRREBE iR fan TREE MaitBbsphBE, l‘t’%;ically
polycrystalline silicon. Preferably the atnosphere is substantially free of

ni t r ogen. nitrogen.

The use of these known annealing steps is not sufficient to eliminate the defects and
dislocations, particularly in high density structures. High leakage currents can still occur

20 in these cases.

J-w. Jung, J-S. Roh, Y. Lee, and K. Lee, “Two-Step Rapid Thermal Annealing (TS-RTA)
to Suppress Out-Diffusion of Dopants without Degrading Short Channel Effect of
Transistor,” IEEE Electron Device Lett, vol. 21, pp. 376-377, Aug. 2000 describes

25  activation of dopants in the source/drain and gate of MOSFET devices by experimental
annealing processes. In a TS-RTA process, samples were successively annealed at 700 °c
for 3 minutes in oxygen gas and then at 1000 °C for 40 seconds in nitrogen gas. In a one-
step RTA (OS-RTA) process, samples were annealed at 1000 OC for 30 seconds in
nitrogen gas or in a mixture of oxygen and nitrogen gases.

30



.20 Preferably the elevated tenperature is substantially in the range from
900C to 1100C. Preferably the predetermned tine is substantially in the
range from 20 to 40 seconds. In a seconq; aspect the invention may be
broadly said to be a nethod of fabricati-ng a netal 25 oxi de sem conduct or
field effect transistor (MOSFET), the nethod including the SS-RTA process

of e 11 15 5uAPRaR! e 0Rahdd i, ARDRGH- S ISId ANaRICG P UAAGLAY 4 O

be a net hod ucing Frent Th A y menory

in a sem ciatdinahe OSSR YACEocd3y arhogigIth TSIRTEA gmcegav&macﬂwol ef@cﬁaé)y pf@temon of
t he devi ce using. the SS-RTA process of the first aspect In a fourth

aspect th&vl ﬁ\f@ﬁtoincﬂf arﬁéplcb@anQe&raqhagﬂ& Sb@rt&hﬁ‘ﬁleh%f@%fsqé@dum ng defects
created during fabrication of a sem conductor device, the nethod including
the SS-RTA process of the first aspect. 5 1n a fifth aspect the invention
may besbr SSIMMARYIOFANMENTMINFET devi ce, fabricated using the SS-RTA
process of the first aspect. In a sixth aspect the invention nmay be broadly
said to be a sem conductor device including a high-density nmenory area, the

devi ce beig AWpRRt 8HosHEhBShifdR! AR inQBntRhn th fiﬁo\ﬂ@e/a 6Be-4ep Uhddling Peocest RTA
process of the first aspect. The invention may further be said to consist

in any al miciagdesat lbestisomatwayrtowardonitigetsng somepsf theproblsmsdf it miay artknown
equi val ents of such steps which are not expressly set out are neverthel ess
deened to be included. ~s BRI EF DESCRI PTI ON OF DRAW NGS Preferred forns and

et hode ofin & HigstiaByeRn tHeQAveitioh md§ Helbrddddy s attd DaflgleRiepwapid Her@¥pnpl € only
and wi t hout i ntend| ng to be limting, with reference to the acconpanyi ng

figures ofnIRAlRE(BPrRIA)gupeesyby wbwél asgmicapduciopmpigrakis ansalsdeths smgie
fabri catl C evi ce
whi ch oy PR S8 RN e o SUE pu IS AR R0
and a predetermined time in an atmosphere comprising substantially oxygen gas in the absence

of any other gas.

15

The semiconductor material may be polycrystalline silicon.
Preferably the atmosphere is substantially free of nitrogen.
20  Preferably the elevated temperature is substantially in the range from 900°C to 1100°C.
Preferably the predetermined time is substantially in the range from 20 to 40 seconds.
In a second aspect the invention may be broadly said to be a method of fabricating a metal
25  oxide semiconductor field effect transistor (MOSFET), the method including the SS-RTA
process of the first aspect.
In a third aspect the invention may be broadly said to be a method of reducing the leakage

current in a high-density memory area in a semiconductor device, by annealing the device

30  during fabrication of the device using the SS-RTA process of the first aspect.



Figure 3 shows part of a process for fabrication of sem conductor devices
in accordance with the current invention. 5 DETAI LED DESCRI PTI ON OF
PREFERRED FORMS A RTA process accordi ng 4to the present invention has
application in the fabrication of sem conductor devices such as MOSFETs

based on polycrystalline silicon (poly-silicon) 5 wafers and particularly

in the fahri 1O, : i j hghs: i i . Lcal
VOSFET coft Fat BRE S FlaBN S Stodlif Rall B b HMRART il AT
shown i n EiegtedeluZing ThteicMist-&Ta sentibordimstoadevied, timwnethod adcluding the SSFRPA, wel |
22, poly-silico tga}_e 23, lightly doped drain 24, nitride spacer 26, and
source/dramﬁ’e?se‘gi 11257 aSPREL- 10 expl ai ned above, such a device, when nade
with a known net hod using the steps shown in Figure 1, can include defects
such as the stresses 25 occurring at corners of the isolation trenches.
These &t r bss&sthaspedt therivesdidn mayrhedireadly said & beeas MOSTH Tedevies; fabgicathé i on

i npl antatian ste fth shal.l.owtrench depths, the upper and | ower corners
of the trBﬂBﬁi]%e ﬁ'@%%&es{s(?fme\gir&%fpf%n sites generated during
i npl antati on. These defects can be 15 anneal ed out, or at |east reduced, by

using the S S-RTA process in accordance with the current invention. Figure
3 shows pér 2 sizth asppetchebwentiinimgay bebiwadly said to be a semisandustorisigvighindudimsFET
devices, for .e oW i i ne fabri | ow
ol a1 no " SiptF P AR S aRAYBALACE hAHE Sudpp B RE B SEY o R0

i mpl and at usiAg $heePS-BX A prodsssWE tHeSirdPaspéaat es 23 and |ightly doped drain
regions 24 are forned by a further ion inplantation step 33. As expl ai ned
above, the inplantation steps 32, 33 create nucleation sites which increase

25 Stressgge %év@%wr@ Gurfler b0 SafiPId E6rRisPfin bR a&é@h\?@é Eombingte 68 Bﬁ’]cﬁ%nd

contribute to the genéeration of dislocations an efects. These c
el i M nat edteps n@ntibwaishereint iKgmwadequovadameofesuck steph whanhreza honexprésslyvazt ent

using the S S-RTA progcess cor di to the invention and shown as process
step 34. %3I}We’ftﬁeég%éﬁ?ﬁdgﬁéep‘nglﬂagq'he wafer is annealed for a duration of
bet wegp 20 and 40 seconds in an atnosphere of oxygen at a tenperature
between 900 C and 1100 C. The oxygen atnosphere is substantially free of

ot her gasBRIZEFDESCRIPIION OFiRRAMBINGS ni t r ogen.
Preferred forms and methods of the invention will be further described, by way of example
only and without intending to be limiting, with reference to the accompanying figures of
20  which;

Figure 1 shows part of a prior art process for fabrication of semiconductor devices,

Figure 2 shows a semiconductor device which may be made using the fabrication

25 steps shown in Figures 1 and 3, and

Figure 3 shows part of a process for fabrication of semiconductor devices in

accordance with the current invention.



6 Nitride spacers 26 are then forned in process step 3 5 and source/drain
regions 27 formed in an ion inplantation step 36. 5 After creation of the
spacers and i nplantation of the source/drain regions, defects caused by
this inplantati on are anneal ed by repeating the SS-RTA process in step 37.
The SS-RTA process anneal s out the defects created or generated during

prior inpmlsmﬁﬁmséﬁiwm\(mmmﬂ R¥§ to subsequent thernal

budget by usi ng oxygen ~ o rough the silicon to form oxides and
passivate the defects. The SS-RTA process of the present invention al so
reduces o;&;-ggjffusi on of jons,

A

e.g. bor.on and_ arsenjc, by ﬁ{(?i %’gzi ng thfe
waf er sur PHRECHSAROIIRG it desPrapcsh inveglien bas ARRISAUOR T HialaCBERHIN ¢lusi on
(TED) eff §%ﬁoﬁMt6ﬂWvF&¥ sﬁaﬂymfomm&}se@ ohgagyb‘?ysftehﬁﬁé Gaksh }@1&-@&_%0 5

t ces t

(M,,) in short channel structures. It alsor e overall devic

| eakage cwafernand pobOYlashhinctheifsbrivation efidugh Hyvitasliphigh-demsitomemetksage
application devices. The SS-RTA process of the present invention is not
limted to any particular |ayout or topography but is particularly

advant ageaugypidal MUSFEE dohsaied ebyicsted uiag shalovn treidhdiBoldfort ST tsyshown
t opographi es_where the di nensions of active elenents, and the spaces

bet ween t e Figusednthe MOSRFdr inchidas k. shallewh ixpdatingetsenshdé, weliZgheply-silicon
or obabi || 0% gl LERTCA N PhET Blc AGRE! 30 PSly Wb/ Mhfycd P15 A1

such devi €es ar’e avi ng hi gh dens nerory areas, su

Menor Yo or egplained abéved ewvhacdes, Whemiddd WiAMknodh methdd ¥¥indhi stefs shove @- st ep
rapi d thermal annealing (SS-RTA) process by which a sem conductor naterial
i s anneal &igure hecay mglude detsstsssuich pe the siressedi2APCaRHRS 3t fgmereokBRiisdationct or

5 materi akeflh AN edh%yﬁatsﬁ'gsstf MRET; {:I'éES%df BY Iﬁlcféraﬁgr?ts?tﬁgeﬁ dggﬂe& idﬁ'ﬁnk Nth@Nion

at nospher e conpri sing substantially oxygen gas In sence of any ot her
gas. implantation steps. With shallow trench depths, the upper and lower corners of the

trenches are close to dislocation sites generated during implantation. These defects can be
15 annealed out, or at least reduced, by using the SS-RTA process in accordance with the

current invention.

Figure 3 shows part of a process using the current invention and by which MOSFET
devices, for example that shown in Figure 2, may be fabricated. Shallow isolating
20 trenches 21 are formed in a STI process step 31. An ion implantation step 32 forms
wells 22.  Gates 23 and lightly doped drain regions 24 are formed by a further ion

implantation step 33.

As explained above, the implantation steps 32, 33 create nucleation sites which increase
25  stresses 25 occurring at the corners of the isolation trenches21 and contribute to the
generation of dislocations and defects. These can be eliminated or at least mitigated to
some extent by annealing the wafer using the SS-RTA process according to the invention

and shown as process step 34.

30 Inthe SS-RTA step 34, the wafer is annealed for a duration of between 20 and 40 seconds
in an atmosphere of oxygen at a temperature between 900 °C and 1100 OC. The oxygen

atmosphere is substantially free of other gases and particularly is free of nitrogen.



2. The SS-RTA process as clained in claim1, wherein the sem conductor
material is a polycrystalline silicon. 10 3. The SS-RTA process as cl ai ned
inclaiml or claim2, wherein the at m)ﬁghere is substantially free of
nitrogen. 4. The SS-RTA process as claiffed in any one of the preceding
clainms, wherein the 15 elevated tenperature is substantially in the range
from900 to 1100C. 5. The SS-RTA process as clainmed in any one of the
precedi ng clains, wherein the predetermned tine is substantially in the
range fr oNitzide tspacéfs Zeareriban forfded in provedshwep 3 adddmiraddraingregione alformedde
sem condugctor, fi el gpef.f ect transistor (MOSFET), the nethod including the
SS- RTA pr Besigndmplaniatign §tepd%any one of the preceding clains. 7. A nethod
of reducing the | eakage current in a high-density nmenory area in a 25

sem conduct or device, by annealing the device during fabrication of the
devi ces usAfiigr tieati@SoRihe gpacaressd asplehtaiioredf the sanscedinen gégiotsaidafects caosed. 8.
A nmet hod of .reduci ng.defects created during i cati on of sem conduct or
devi ce, tﬁ%t%frﬂ@anﬁaﬂ%q ’Efﬂiaﬂbeag yw%&%%@@!ﬁaam&?sailwap 3?. any one of
claimse 1 to 5. 30 9. A netal oxide sem conductor field effect transistor
(MOSFET) device fabricated using the SS-RTA process as clained in any one
of cl ai nsThe 88-KTA procgss sunsdaiuichel defeess crpatedme gerrrbiad darngpidrgmplantationy

e G 8458 RERRBRER) SbSHDHEThL BRI 6Bk4CR, Sl SRS

A AIA. . Afovish BAsificn BlfoaRdxides and passivate the defects.

The SS-RTA process of the present invention also reduces out-diffusion of ions, e.g. boron
and arsenic, by oxidizing the wafer surface. The SS-RTA process also reduces transient
enhanced diffusion (TED) effects and thereby reduces variation in the threshold voltage
15 (V) in short channel structures. It also reduces the overall device leakage current (Ippg)

which is particularly helpful in low leakage application devices.

The SS-RTA process of the present invention is not limited to any particular layout or
topography but is particularly advantageous in advanced technology devices having high
20  density topographies where the dimensions of active elements, and the spaces between the
elements, are very small. Such devices have a higher probability of an increased number
of defects per unit area. Typical of such devices are those having high density memory

areas, such as flash memory or static random access memory (SRAM).

25
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-M 10G@s  elevated temperature is substantlally in the range from 900 to 1100°C.

5. The SS-RTA process as claimed in any one of the preceding claims, wherein the

predetermined time is substantially in the range from 20 to 40 seconds.

20 6. A method of fabricating a metal oxide semiconductor field effect transistor
(MOSFET), the method including the SS-RTA process as claimed in any one of the

preceding claims.

7. A method of reducing the leakage current in a high-density memory area in a
25  semiconductor device, by annealing the device during fabrication of the device using the

SS-RTA process as claimed in any one of claims 1 to 5.

8. A method of reducing defects created during fabrication of a semiconductor device,
the method including the SS-RTA process as claimed in any one of claims 1 to 5.

30
9. A metal oxide semiconductor field effect transistor (MOSFET) device fabricated

using the SS-RTA process as claimed in any one of claims 1 to 5.
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