1 RAPI D THERVAL ANNEALI NG OF SI LI CON STRUCTURES FIELD OF I NVENTION 5 The
present invention relates to rapid thermal annealing (RTA) in the
fabrication of sem conductor devices and particularly, but not exclusively,
to the use of RTA to reduce defects in high density netal oxide
sem conductor field effect transistor (MOSFET) devices. |0 BACKGROUND In
the fabrication of sem conductor deV| ces t he Ilkel i hood of def ects or
di sl ocations i ncdRARERJE AL ANNEL & OF HIJGON STR ho'kaawyi ces, and
t he di stance between adj acent eI emsnts becorres smaller and is i nsuffl ci ent
to all ow flRIY LY BNCERTIONT®NUf acturing 15 processes. Exanples of such
processes i nclude photo-Ilithographic nmasking, ion inplantation, and thernal
process steps in which volume changes are thernally generat ed. Figure |
shows so of the steps. of own con uct or, fapr atlon rocess b
whi ch a% FREPSL g ‘%’r\’&ﬂc&e@r‘esd@/if@é‘f %?#IB& theo Fabricatior 9¥| )
may be 20 jeRpushasdr @éime@b%d;ﬁﬁmﬂlﬁl 'VQ&FEJE SENSLBlY! fo ﬁiaqyge dffka el rr@dui
Shal I ow i sol ating trenches are orne |naSTIy formation step 1 n ion
i npl ant at idefectst @p higlf demsty westal soxpde s@aicesd@Porafidldl effent| yardiped(MOSERET)
regions 24 are fornmed by a further ion inplantation step 3. These
i npl ant at |d8ﬁ &} eps 32, 33 are perfornmed subsequent to fornmation of the
isolating trenches 21. Nitride spacers 26 are forned in process step 5 and
25 source/drain regions 27 are formed in an ion inplantation step 6. The
i npl anat |MC&%9%3Yléat e nucl eation sites which increase stresses 25
occurring at the corners of the trenches and contribute to the generation
of dislocations and defects under

In the fabrication of semiconductor devices the likelihood of defects or dislocations

increases as the dimensions of elements in the devices, and the distance between adjacent
elements, becomes smaller and is insufficient to allow for tolerances in manufacturing
15 processes. Examples of such processes include photo-lithographic masking, ion

implantation, and thermal process steps in which volume changes are thermally generated.

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.



the influence of subsequent thermal steps. These defects can be a probl em
particularly in 30 dense nenory areas. 2 Were trench depth is not |arge
enough, peak stress points at the upper and | ower corners of the trenches
can be close to the dislocation sites generated during inplantation. As

i ndi vi dual MOSFET devices are scaled down in size to achi eve higher
densities on a 5 wafer, the margi ns between device el enents decrease, the
| i kel i hooWhdratreacl) depehis sdtrlegs esoudn geali sheas pbineng thié Lipper Ahé Ndwéecorners

i ncreases, .gnd the probabjlity of a higher nunber of resultin defects on a
waf er i ncr"gg?ég‘?n"%fecaf‘%&c’éﬁ%é%thﬁ ‘é‘iatlg? sitgsegsaeraler duriag ynplagialiphcat i ons can
generate high device | eakage 10 currents. These problens can be mtigated

to some extent by the use of a rapid thernmal annealing step 4 perforned
after the Asnptaiduat MOSIHET tdeeicgnare saaldd ldoghtih sizdap edhidvahighee demsitiesion st ep 3
and perforned ain, . i tep 7,.after the inplaptatign of the source/drain
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steps is not sufficient to elimnate the defects and di sl ocations,

part i cul adelecisrontd wiferlsersases. st ruct ures. High | eakage currents can still

occur 20 in these cases. J-w. Jung, J-S. Rob, Y. Lee, and K Lee, "Two-Step
Rapi d Thermal Annealing (TS-RTA) to Suppress Qut-Diffusion of Dopants

wi t hout DetieaférbsbedhfibeCoRHRSE défetie Ghd @slochfignSéant f¥neratd KR devReliéAagdevi ce
Lett, vol. 21, pp. 376-377, Aug. 2000 describes 25 activation of dopants in
t he sdlrceépdenth.n and gate of MOSFET devi ces by experi nent al

These problems can be mitigated to some extent by the use of a rapid thermal annealing
step 4 performed after the implantation of the gate and lightly doped drain regions in step 3
and performed again, in step 7, after the implantation of the source/drain regions in step 6.
15 These known RTA process steps 4, 7 are performed in an inert atmosphere, typically

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 oc
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 °C for 30 seconds in
nitrogen gas or in a mixture of oxygen and nitrogen gases.
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anneal i ng processes. In a TS-RTA process, sanples were successively anneal ed
at 700 C for 3 mnutes in oxygen gas and then at 1000 C for 40 seconds in
nitrogen gas. In a one- step RTA (OS-RTA) process, sanples were anneal ed at
1000 C for 30 seconds in nitrogen gas o3 in a mxture of oxygen and
nitrogen gases. 30 3 In Jung et al, the resistance of n-type poly-silicon
was said to increase with the annealing tinme in the OS-RTA process and only
t he TS- RTAngunges g/, whgsresigtagice of eftynpecnalyrsilipop mey eritl to dudrease Withsthe mnogalimgseni ¢
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one- st ep aguteiAifiisiéh Hf GSEHSion¥RIBBUGREfFadRg the Sisdrt SRRReWikct @@)d M tigating
sonme of the problens of the prior art. 10 In a first aspect the invention

may be broadly said to be a single-step rapid thermal annealing (SS-RTA)
process by, " ] material is annealed, the single process
5§ DYSIHNA Y %ﬁﬁlﬁ?@ﬁgﬁbﬁ

step including annealin sém conductor material at an el evated
tenperature for a predetermned tine in an atnosphere conpri sing
substantial |y oxygen gas in the absence qf any other gas. 15 The

seni conducl & ameRigst;of ongginbdinsst 9§W§mﬂrlpw Biovidegrone- e andiealing Progess

at nospher e i I i r - vat ed

t enper at u(ra‘ghllﬁgﬁgu &st?ggrﬁ ?de{+ %V% ﬁ)%%aﬁ(fén{rﬂé %@gs %8%%88%8? {)Eg&%%g@e}b%lgr?éﬁ erably
the predetermned tine is substantially in the range from20 to 40 seconds.

]lc gb?i zﬁf Ioglg a?‘t?l}lgr‘gzgstgpct:tq e imrx]/\égt?c}ni r?le gggrogglyt;gj%a}cg lbg aséglig e-gtgp lr)a%idﬁJl threrEntla od of
annealing (SS-RTA) process by which a semiconductor material is annealed, the single
process step including annealing the semiconductor material at an elevated temperature for
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.



25 oxi de sem conductor field effect transistor (MOSFET), the nethod
i ncluding the SS-RTA process of the first aspect. In a third aspect the
invention may be broadly said to be a nethod of reducing the |eakage
current in a high-density nenory area i da sem conductor device, by
anneal ing the device 30 during fabrication of the device using the SS-RTA
process of the first aspect. 4 In a fourth aspect the invention my be

n

broadl y sdpa@ fowrthaspsciipe Hygnien may he pragdbyerikiode agpethed af wdreing defaplsi cati on
of a sem codued I: Ce [ ' - X f the
first aspgcgt &g ﬁlnggﬁyllﬁ%ﬁntgggg%ﬁktg ﬁglcztér%\cﬁgg%%’gge }r#a%?l 0@%@@35%@0%%? 0 be a
MOSFET dewireeess batheifrsttaspect.usi ng t he 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 nenory area, the device being anneal ed

dur i ng sf alyg Gt %?e@cfthé DR efROH B8y B@bﬂéﬁ&l@%aﬁdﬁ@ boa NIOSFRTQeoRS, @briddigy fi st

aspect. The invention nmay further be said to consist in any alternative

conbi nat i orsingfthp SERES praxespoaf thefitsk aspect. her ei n.  Known equi val ents of such
steps which are not expressly set out are neverthel ess deened to be
i ncl uded. 15 BRI EF DESCRI PTI ON OF DRAW NGS Preferred fornms and net hods of

the i nventi,Qriwh labpeetht YhideRBbn #R§ GE ibEGMLy ¥d WAk DfenBeGMES: dONtYindRdiny t hout
intending to be limting, with reference to the accor‘rganyl ng figures of 20

whi ch; Fi qurigh-tlessityvuscipenytares;, the device beingtanpealesbdusingdinbification of thieatevisk
semc Ol%d uct}s?nrg tgee S35 process of the first aspect.

The invention may further be said to consist in any alternative combination of process
steps mentioned herein. Known equivalents of such steps which are not expressly set out

are nevertheless deemed to be included.

15
BRIEF DESCRIPTION OF DRAWINGS
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.



Figure 2 shows a sem conductor device which nay be made using the
fabrication 25 steps shown in Figures 1 and 3, and Figure 3 shows part of a
process for fabrication of sem conductor devices in accordance with the
current invention. 5 DETAI LED DESCRI PTI &N OF PREFERRED FORMS A RTA process
according to the present invention has application in the fabrication of

sen conduc ' such Aas. crystalline silicon

(pol y-sil |b§#)‘ﬂi¥m Lo WEWR%@RHW cation of such devices
in high-density nmenories. A typical MOSFET construction fabricated using

shal l ow trench isolation (STl) is shown in Fi lglure 2. The MOSFET includes a
shal | ow i s&l RTAnproressrashording tnethe esenpivgnison heoappligatien 28thel fabtitdtiondofped

drain 24, nitrid ager 26, .an /drain region 27, 10 expl ai ned
above, suctF"3“gE CEOE ,d%ms SW&G%W Sk‘??ﬁ%o?ré’f’ﬂ'gg’ S@i]iuﬁgéflﬁ@ &H"zﬁéﬁl@f@m in
Figure sl, Gaferd & piecudafemlthe flbeibatash dfRACISEeES 88 high-RESiHF nkMdriad. corners
of the isolation trenches. These stresses are increased by nucleation sites

created during the ion inplantation steps. Wth shallow trench depths, the

upper and | - 1 LS/ I-Qn. St

goner at ed duspisel PO Qunsklftion BEHEHER uBhE SARSELRRUMASF ST iF UG o

| east reduigeBiguly2. uShe MOSEESSnHTAePt Ghalksy idolaiag archan e, well [22{ hely-gliednent

i nvention. Fi gE)lIJsre_S shows part of a_process using the current invention and

f
by which MEEEP. lightlycdepeds draine 24npitade Freces ifwrandnsourepidiaim regiey 2de  As

Step ot At fenRlRaidhoice o, BRET RN L knBAE sl IR R sl SRNET

doped dr ai Righfgl,was indude defects RBch by the dindkdeB QS deouring at corners of the isolation

trenches. These stresses are increased by nucleation sites created during the ion
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 trenches 21 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 °C. The oxygen

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



i npl antation step 33. As expl ained above, the inplantation steps 32, 33
create nucleation sites which increase 25 stresses 25 occurring at the
corners of the isolation trenches 21 and contribute to the generation of

di sl ocations and defects. These can be efinminated or at |east nitigated to
sone extent by annealing the wafer using the SS-RTA process according to the
i nvention and shown as process step 34. 30 In the SS-RTA step 34, the wafer
is anneal ed for a duration of between 20 and 40 seconds in an atnosphere of
oxygen at Ryhi@Rsials Y lefedindPh frotfdd b33 dnd sbR RRNHGEgioR! SPRRRRAS | S
substantially free of other gases and particularly is free of nitrogen. 6

Ni tri de spaesnen ingplantatiohsiep B&r med in process step 35 and source/drain
regions 27 formed in an ion inplantation step 36. 5 After creation of the
spacers and inplantation of the source/drain regions, defects caused by
this inpl anfiat dreftichr &f the RpAeACadyiniBRRAIINEF the Sowmee/Rbth RIAGRS Sefefts Th@Rd37-
The SS-RTA process anneals out the defects created or generated during prior
i npl ant at i whthisomplantaisgare annested &y gepesting the hS-REAquberssjinesier 3her mal  budget
by diffusing oxygen 1 o through the silicon to form oxides and passivate
the defects. The SS-RTA process of the present invention also reduces

out - di f f USTIRISDR TP ceR afineddOb@Ahe QTECtAEREBH 61 gdheraxd Shrfigtidrifipkmiion
surface. The SS-RTA process al so reduces transient enhanced diffusion (TED)
ef fects anet thieughbyolvgwuexnansian i diei onsybsequset thermahbudeel divt dgBisg exxgen in

(1o 1 anpearen b Eita o MoBr R RR BB Ge. appl i cati on devi ces.
The SS-RTA process of the present invention is not limted to any particular
ayout or 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  (Vy) 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



t opography but is particularly advantageous in advanced technol ogy devi ces
havi ng high 20 density topographi es where the di nensions of active

el enents, and the spaces between the elenents, are very small. Such devices
have a hi gher probability of an increased nunber of defects per unit area.
Typi cal of such devices are those having high density nenory areas, such as
flash menory or static random access nenory (SRAM. 25 7 CLAIMS 1. A nethod
of fabdﬁﬁgbﬁgg a nmetal oxide sem conductor device, wherein said device uses
shal l o h isolation (STlI), said nethod including performng the
following steps in order: formng shallow isolating trenches; at |east one

L on il ant af .o 6P félﬂ}cfaf?ﬁén WiktaP ox R dﬁct & Eﬂoﬂ el ibe d%&%P{j cal rhg‘i/ﬁgilﬁgss?

and annealing said net e sem con eV| ce at an el evat

t enper ahal@w fremchasolpti @OE@1&), waid enkthadipciudingrpeformmp ey follooiny stepsrig order:
substantially oxygen gas in the absence of nitrogen. 2. A nethod of
fabricating a netal oxide sem conductor device, as clained in claim]
wherei n saifermigg shalloyy igelaipgirersigsict or device is a netal oxide

sem conductor field effect tranS| stor. 3. A nmethod of fabricating a met aI

oxi de sem conduct or .devi ce as n aiml wher.ein s
d)éin ce incl d Etﬁ)@ﬁ}%@ﬁ ?ﬂt'f“i‘%ﬂ%l? {Tefggh "ng’egla%esa 8hﬂﬁh¥flﬂ%edl %f‘mfrﬁ%‘mll%éf’ ng a
nmet al oxi de sem conductor device as clained in one of the preceding clains,

wherein the a%{w@@’ﬁgh%@ Indtaf U@ﬁ&@%hﬂdu udth Qiefice agty a2 %tg&rteh@% aé‘yﬁ:?”

5. A nmethod o ricating a netal oxide sem conduct or ewcea rmed 1n
one of prédetermiredetinagine baiatmpsphiesr eomptisieg edubstatedlyt exypenagasr s ile absence of
substant{raél y in the range from900 to

nitrogen
2. A method of fabricating a metal oxide semiconductor device, as claimed in claim 1 wherein

said metal oxide semiconductor device is a metal oxide semiconductor field effect transistor.

3. A method of fabricating a metal oxide semiconductor device as claimed in claim 1 or claim

2, wherein said device includes polycrystalline silicon wafers.

4. A method of fabricating a metal oxide semiconductor device as claimed in one of the

preceding claims, wherein the atmosphere is substantially free of any gas other than oxygen.

5. A method of fabricating a metal oxide semiconductor device as claimed in one of the
preceding claims, wherein the clevated temperature is substantially in the range from 900 to
1100°C.

6. A method of fabricating a metal oxide semiconductor device as claimed in one of the
preceding claims, wherein the predetermined time is substantially in the range from 20 to 40

seconds.

7. A method of reducing the leakage current in a high-density memory area in a semiconductor

device, comprising fabricating the device using the method as claimed in any one of claims 1 to 5.

8. A method of reducing defects created during fabrication of a semiconductor device,

comprising fabricating the device using the method as claimed in any one of claims 1 to 5.



1100C. 6. A nethod of fabricating a netal oxide sem conductor device as
claimed in one of the preceding clains, wherein the predetermned tine is
substantially in the range from20 to 40 seconds. 7. A nethod of reducing
the | eakage current in a high-density nenory area in a sem conduct or

device, conprising fabricating the devi&e usi ng the nethod as clainmed in any
one of clains Ito 5. 8 A nethod of reducing defects created during

fabrication, of sem conduct o i C compri si rjcating.t devi.ce
uai g The el SR FARGGHSlor SRy Scet sARTRE! NORPES el Giichlid SRE4HT e
sem Cafetied &y clainkddn ahf 66d oftoldnsilsber (MOSFET) device fabricated using the
nmethod as clainmed in any one of clains 1 to 5. 10. A sem conductor device

i ncluding a high-density nenory area, fabricated using the nmethod as

cl ai meld. i n Aapgmicoraluctor déva¢enipclading ahighidensity membychred, ffbaisated asing gheamathbd las
oxi de sem conductor field. effect transistor, wherein said transistor uses
shal | Wéﬁb?-flyi%oeiﬁi%‘ﬂsé%@rﬁ), sai d method including performing the
following steps in order: formng shallow isolating trenches; at |east one
| on 1ML ant Ala A b kaltR MARAL SkiadRheRoRNld:! (I8 i AOPERIIAWRClROLANS:
and annealing sald nmetal oXi de sem conductor fie effect transistor at a
t enpertednsis®r nsestshellovabgech fsolatio® WY, cailiiféBod achitling perf@nser thedsllowing ateps

at nrosphere conprising substantially oxygen gas in the absence of nitrogen
or any"&f¥e&r gas, wherein said transistor includes polycrystalline silicon
waf er s

forming shallow isolating trenches;
at least one ion implantation step to form wells, gates and lightly doped drain regions; and

annealing said metal oxide semiconductor field effect transistor at a temperature in the range
from 900 to 1100°C.for 20 to 40 seconds. in an atmosphere comprising substantially oxygen gas in

the absence of nitrogen or any other gas,

wherein said transistor includes polycrystalline silicon wafers



