1 1 ON | MPLANTATI ON OF SILICON OXI DE LI NER TO PREVENT DOPANT QUT- DI FFUSI ON
FROM SOURCE/ DRAI N EXTENSI ONS TECHNI CAL FIELD 5 The present invention
relates to a sem conductor device having inproved transistor perfornmance
and enabl i ng net hodol ogy. The present inv?nti on has particular _
applicability in fabricating high density*sem conductor devices with high
speed integrated circuits having subm cron design features and shall ow
junction depths. 10 BACKGROUND ART US-B-6 235 600 discloses a nethod
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comprising forming a polysilicon-gate structure on a grown silicon dioxide gate

insulator layer, and, thereafier growing a silicon oxide layer on the surface of the

15 polysilicon gate structure and the substrate. In one embodiment, a TEOS silicon

oxide liner layer is then deposited over the structure. A first ion implantation

procedure is then carried out to form LDD regions. A second ion implantation

procedure is then carried out to form an implanted nitrogen region at an interface of

the LDD regions and the overlying silicon oxide layer. Thereafter, sidewall spacers

20 are formed on the gate structure, after which heavily doped source/drain regions are

formed. By ion implanting the nitrogen region, hot electron carrier effects may be
reduced.

The escalating demand for high density and performance impose severe

requirements on semiconductor fabrication technology, particularly for enhanced

25 transistor performance and high operating speed. Transistor performance depends

upon various factors and can easily be degraded by various processing operations

during fabrication, such as plasma deposition techniques wherein the substrate is

exposed to high temperatures and plasmas, as during plasma enhanced chemical vapor

deposition. The need for high operating speed also requires the use of dielectric

30 materials having a relatively low dielectric constant, such as about 3.9 or less. The



30 materials having a relatively |low dielectric constant, such as about 3.9
or less. The la value of a dielectric constant (k) expressed herein is
based upon the value of 1 for a vacuum In inplenenting conventi onal
fabrication techniques, as illustrated iH FIG 1, a gate electrode 11 is
typically formed over a sem conductor su 8rate 10 with a gate 5
dielectric layer 12, e.g., gate oxide |ayer, therebetween. lon inplantation
is then conducted to inplant shall ow source/drain extensions 13. An oxide
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of about 700°C or higher, dopant impurities implanted into the source/drain

extensions 13, such as P-type impurities, e.g., boron (B) and boron difluoride (BF>)
impurities, diffuse and segregate in the oxide liner 14. A lower-temperature 400°C.
CVD liner oxide can be used to prevent such out diffusion and dopant loss. However,

20 dopant loss occurs during high temperature activation annealing, as at a temperature-
greater than 1000°C for 5 to 10



DI SCLOSURE OF THE | NVENTI ON An advantage of the present invention is a
met hod of fabricating a high density sem conductor device having
transistors with i nproved perfornmance. 10 Additional advantages and ot her
features of the present invention will be-set forth in the description
which follows and in part will becone apparent to those having ordinary
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enbodi nent s, a@gbddhﬁen%edf%eaﬂreg,ﬁtt ﬁl/énﬁorﬁirnglug i%ﬁl?mglantmg B or BF, into the substrate to

form shallow source/drain extensions having a first impurity concentration, depositing a conformal
oxide liner on the upper surface and side surfaces of the gate electrode and on the upper surface of
the substrate, ion-implanting B or BF, into the oxide liner at the substantially same impurity
25  concentration as in the source/drain -extensions, e.g., about 1 x 10% to about 6 x 10% atoms/cm’,
depositing a spacer layer, such as silicon nitride or silicon oxynitride, and etching to form sidewall
spacers. The portion of the silicon oxide liner on the upper surface of the gate electrode may then be
removed. Ion-implantation is conducted to form the deep moderate or heavy doped source/drain
regions, either before or subsequent to removing the portion of the oxide liner from the upper
30  surface of the gate electrode. Activation annealin g may then be conducted.

Additional advantages and aspects of the present invention will become readily apparent to
those skilled in the art from the following detailed description, wherein only the preferred
embodiment of the present invention is shown and described, simply by way of illustration of the
best mode contemplated for carrying out the present invention. As will be realized, the present

35 invention is capable of other and different embodiments, and its several details are capable of
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2 nodi fication in various obvious respects, all w thout departing fromthe
present invention. Accordingly, the drawi ngs and description are to be
regarded as illustrative in nature, and not as restrictive. BRIEF

DESCRI PTIFON OF THE DRAWNGS 5 Fig. 1 schematically illustrates dopant

out - di f f usi on attendant upon conventional -transistor fabrication

t echni ques. s. 2 though 4 schematically illustrate sequential steps of a
net hod i nma% ‘g8 evaRiorh ohouse AtsBeRtEmth Wahout rrieppitiag drm ithry @FFSIbrinveptigfs. 5
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aspect. 10 In Figs. hrough 4, ‘and in Figs rough 8, simflar features
or el enentesirighve- denot ed by simlar reference characters. DESCRI PTI ON OF
THE | NVENTI ON The present invention addresses the continuing denand for

hi gh denspRisr pEgtrabHION 6f THE SRAWINESsI abl e seni conduct or devices. The
present invention provides sem conductor devices with 15 enhanced
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such as BF2, into the substrate, using the gate el ectrode as a mask, to
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A, on theout-diffusion of impurities from the shallow source/drain extensions into the oxide liner.
Embodiments of the present invention achieve this objective by ion implanting the impurities into
the oxide liner. The present invention, therefore, provides methodology which avoids or
significantly reduces out- diffusion of impurities, such as P-type impurities, e.g., B and BF,, while

20  maintaining a shallow junction depth (X;) of about 200 A to about 300 A.

Embodiments of the present invention comprise forming a gate electrode over a
semiconductor substrate with a gate dielectric layer therebetween and ion implanting a dopant
impurity, such as BF,, into the substrate, using the gate electrode as a mask, to form shallow
source/drain regions. Such ion implantation can be conducted in a conventional manner, as by ion-

25  implanting BF, at an implantation dosage of about 5 x 10" to about 2 x 10" ions/cm® and an
implantation energy of about 1 to about 3 KeV, typically resulting in an impurity concentration of
about 1 x 10% to about 6 x 10” atoms/cm®.

A silicon oxide liner is then deposited, as at a thickness of about 50 A to about 200 A, on the
upper surface and side surfaces of the gate electrode and the upper surface of the substrate. Ion

30  implantation is then conducted to implant BF, impurities into the oxide liner, substantially under the
same conditions as employed in forming the shallow source/drain extensions, e.g., at an
implantation energy of about 5 x 10" to about 2 x 10" jons/cm? and implantation energy of about |
to about 3 KeV, thereby forming an impurity concentration in the oxide liner of about 1 x 10 to

about 6 x 10% atoms/cm?”.



upper surface and side surfaces of the gate el ectrode and the upper surface
of the substrate. lon 30 inplantation is then conducted to inplant BF2
inpurities into the oxide liner, substantially under the same conditions as
enployed in formng the shaIIOM/source/draln extensions, e.g., at an

i nplantation energy of about 5 x 1014 to about 2 x 1015 ions/cn2 and
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Subsequently, a layer of spacer material is deposited and anisotropic etching is conducted to
form sidewall spacers 40, typically at a thickness at the substrate surface of about 600 A to about
1,200 A, as illustrated in Fig. 4. Silicon oxide layer 30 serves as an etch stop layer during etching to

25  form sidewall spacers 40, thereby avoiding damage to substrate 20. Subsequent processing includes
removal of silicon oxide liner 30, as with hydrofluoric acid, from the upper surface of gate electrode
21 and substrate 20. Ion implantation is conducted to form deep moderate or heavy doped
source/drain regions 41, prior or subsequent to removing the portions of silicon of silicon oxide
layer 40 from the upper surface of gate electrode 21 and substrate, resulting in the structure

30  schematically illustrated in Fig. 4.

Another inventive aspect comprises methodology enabling the selective optimization of the
source and drain region thicknesses in dual buried oxide (BOX) silicon-on-insulative (SOI)
structures. Such inventive methodology is schematically illustrated in Figs. 5 through 8, wherein
similar features or elements are denoted by similar reference characters. Adverting to Fig. 5, a dual

35  BOX structure comprises a substrate formed of silicon 50, BOX 51, silicon layer 52, BOX 53 and
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utility in fabricating any of various types i
specifically set forth. In other instances, well-known processing materials and techniques have not

been described in order not to unnecessarily obscure the present invention.
Only the preferred embodiment of the invention and but a few examples of its versatility are
shown and described in the present disclosure. It is to be understood that the present invention is
25  capable of use in various other combinations and environments, and is capable of changes or

modifications within the scope of the inventive concept as expressed herein.



sem conduct or devices. The present invention enjoys particular industrial
in fabricating high density sem conductor devices wth a design rule of
about 0.12 mcron. In the previous description, nunerous specific details
are set forth, such as specific materials, structures, reactants,
processes, etc., in order to provide a better understanding of the 20
present invention, however, the present invention can be practiced w thout
resorting to the details specifically set forth. In other instances,

wel | - known processing materials and techni ques have not been described in
order not to unnecessarily obscure the present invention. Only the
preferred enopgAmast: of the invention and but a few exanples of its
versatility are- shown and described in the present disclosure. It is to be
understood that the present invention is 25 capable of use in various

ot her conbi nati ons, and, envi.ronnents, and i s capabl e of changes, or .

nodi fi cat i ongl'vm' t rﬁ‘ﬁ“?qh%y Qt E}Eé‘gf?ﬁg‘{rh@ 3 RYBIOR t%'djr%"éﬁ)ttﬁﬁén UREing
herein. 5 CLAedntially: A met hod of manufacturing a sem conductor device, the
met hod conprising sequentially: 5 formng a gate el ectrode (21), having
side surfaces, ovdprmingupgate elsatrode 19fhagingssidesdurfates, 6&0)an wbpdr sarfaat of a

dielectric | 2 t her ebet n, .ion-inplanting a dopant into the
substrate (2%}56&5’1&? @8) X’“S‘aﬂ %ﬁﬁ\fﬁ%"?%‘ﬂgyﬁrﬁ) tigregetw&%k, . to form shal |l ow
source/ drai n ext erngh-dslahBRg i i j i : b
surfaces of the gate ngctg%ggB %%l&ggg@s%{r%ﬁgdgg‘%g}égg%?g%fé %@m&a
substrate (20naskateformshaliaw seurce/drain edpmsiansi(23)p t he oxide |iner (30). 2. A

dopant 1t o the ok AR BARE0T S the i yBleGorehipaleriods @ or
cl ai m 210 f ur ttheupmo sywfaceiofghe sutepazi(k0y gnd | ayer (40) of spacer material on
the oxide liner (30);, etchi ng to formsidewall spacers (40) on the oxide
liner (30): ion-ipf-HRPIeAYNS2 depatintptheoxidelingiitd®r ate (20) to form deep
noderate or

2. A method as claimed in claim 1, comprising ion-implanting an active impurity
dopant into the oxide liner (30).
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3. A method as claimed in claim 1 or claim 2, further comprising:
depositing a layer (40) of spacer material on the oxide liner (30);
-etching to form sidewall spacers (40) on the oxide liner (30);
ion-implanting a dopant into the substrate (20) to form deep moderate or
20 | heavily doped implants (41); and

activation annealing.

4. Amethod as claimed in claim 3, comprising;
forming the oxide liner (30) comprising silicon oxide; and

25 forming the spacer layer (40) comprising silicon nitride or silicon oxynitride.

5. A method as claimed in claim 1, 2, 3 or 4, comprising ion-implanting a P-type

impurity as the dopant.

30 6. A method as claimed in claim 5, comprising ion-implanting boron (B) or
boron difluoride (BF,) as the dopant.



20 heavily doped inplants (41); and activation annealing. 4. A nethod as
claimed in claim3, conprising: formng the oxide liner (30) conprising
silicon oxide; and 25 form ng the spacer |ayer (40) conprising silicon
nitride or silicon oxynitride. 5. A nethod as clained inclaim1, 2, -3 or
4, conprising ion-inplanting a P-type inpurity as the dopant. 30 6. A
nethod as clainmed in claim5, conprising ion-inplanting boron (B) or boron
di fluoride (BF2) as the dopant. 6 7. A nethod as clainmed in any precedi ng
claim conprising: ion-inplanting the dopant into the substrate (20) to
formthe shallow source/drain extensions (23) at a first inpurity
concentration; and .5 ion-inplanting the dopant into the oxide |iner (30)
at an inpurity concentration substantially equal to the first inpurity
concentration’- 8. A methndas eleinedddinaey precedingichaini, comaprisinigsi ng i on-i npl ant i ng

the dopant into t substrate and tqo formthe shall gw source/ dr ai

ext ensi ons (23) ang)%i'%}pga'}twg ﬁg?l 381) 0“1?? e f‘@é‘)‘atﬁt&Q) c,téngliﬁ‘t ﬁ%ﬁ isgﬂl%’f
about |x1020 {ouredidin GdfiRhs T4 imBurif) SRLARGS oy 21 Bl T any -

pr ecedi n% claim conprising ion-inplantihg the opant 1Tnto the oxide liner
(30) sucR that theloggpwhantiogntlentdepanoninion thheoxide diindri (80) af 360 impuaipput 1

atom c percen 0. thad as clained jn claim 6, conprising
i on-i npl ant i ngoﬁéér%t}gpgﬁpﬂgmg@y&gualﬁ? ﬁéﬁrﬁﬁr@%@)w&ity SONCEHAQAt at i on dosage of
about 5x1014 to about 2x1015 ions/cnR and at an inplantati on dosage of

about 1 to abput 3 KeV. 20 11. A method as clainmed in any preceding claim
conpri sing f-ofni ngAt Methediagelaimeddn cladm) 7,atonmprishigciondmplanfing teudoE@irte

about 200K 7 the substrate and to form the shallow source/drain extensions (23) and into the oxide

10 liner (30) at a concentration of about 1x102° to about 2x10%° atoms/cm’.

9. A method as claimed in any preceding claim, comprising ion-implanting the
dopant into the oxide liner (30) such that the dopant concentration in the oxide liner
' (30) is about 1 atomic percent.
15

10. A method as claimed in claim 6, comprising ion-implanting BF; into the oxide
liner (30) at an implantation dosage of about 5x10™ to about 2x10'° ions/cm? and at
an implantation dosage of about 1 to about 3 KeV.

20 11. A method as claimed in any preceding claim, comprising forming the oxide

liner (30) at a thickness of about 50A to about 2004.



