METHOD OF IMPLANTING A NON-DOPANT ATOM INTO A
SEMICONDUCTOR DEVICE IECHNICAL FIELD [0001] The invention is
related to a semiconductor structure and a method of producing the
semiconductor structure. More patrticularly, the invention is directed to the
formation of a transistor device structure with improved performance and a
METH®IhOG fiov PAbXiNaiNG tAeNSaN® BAKGRTONT IN'DOOR |[SEMITOSM TSR
scaling requires geometrical scaling of device dimensions with every
DEVIteEhnology generation. This primarily includes scaling the device width and
length as well as other features of the technology. At short device widths, the
formation and behavior of the active regions are dominated by the
TECHN{EOANGifg ipolations regions. For example, the presence of high stress
fields used in modern strained silicon technologies modulates the diffusion of
dopants near the isolation regions. These differences, for instance, manifest
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_ device). Consequently, devices fabricated at various device widths are
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_technology includes devices drawn at a range of device widths. Such
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for continued CMOS scaling, devices fabricated at smaller widths are
BACIesRestadmo perform similar to larger width devices. In other words, the
technology is expected to demonstrate a uniform narrow width effect. [0003]
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technology generation. This primarily includes scaling the device width and length as well as

other features of the technology. At short device widths, the formation and behavior of the
active regions are dominated by the surrounding isolations regions. For example, the presence of
high stress fields used in modern strained silicon technologies modulates the diffusion of dopants
near the isolation regions. These differences, for instance, manifest as a change in device
electrostatics (for example, threshold voltage of the device). Consequently, devices fabricated at
various device widths are electrically different. This creates huge technological problems, as a
typical technology includes devices drawn at a range of device widths. Such differences can
easily derail a given technology from full entitlement. Hence, for continued CMOS scaling,
devices fabricated at smaller widths are expected to perform similar to larger width devices. In

other words, the technology is expected to demonstrate a uniform narrow width effect.

[0003] In various aspects, the present invention addresses the problem of creating devices with a

uniform narrow width effect.



SUMMARY OF THE INVENTION [0004] According to one aspect of the
present invention, a trench with sidewalls is etched in a semiconductor body.
Non-dopant ions are then implanted into the sidewalls of the trench. The
trench is subsequently filled to form a trench isolation region. The active

suMresensf theripyicenredsrmed in the semiconductor regions abutting the
trench. [0005] The foregoing has outlined rather broadly features of the

resent jnvention. Additional features of the inventiorbwill be described
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designing other structures or processes for carrying Qut the same purposes. .
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‘ that sucHﬁe%uivaleqt constryctions do not depart from the spirit and scope of
are formed WA SHIAS XX %tﬂ%rﬁ%‘[ﬂ%%gﬂ%ﬁ]&et ISR BRIEF DESCRIPTION OF
THE DRAWINGS [0006] For a more complete understanding of the present

[000SinVbatiargaing tirs adilarthgebetheredyré&farencefishapresnaiciatonttien. Additional
following descriptions taken in conjunction with the accompanying drawings,
featuris witiohinvention will be described hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the art that the conception and specific
embodiment disclosed may be readily utilized as a basis for modifying or designing other
structures or processes for carrying out the same purposes of the present invention. It should

also be realized by those skilled in the art that such equivalent constructions do not depart from

the spirit and scope of the invention as set forth in the appended claims.



[0007] Figures la-Ic illustrate the typical CMOS devices formed with an STI
isolation process in accordance with an embodiment of the invention, wherein
Figure la represents a cross section of the device along its length; Figure Ib
represents a cross section along its width, and Figure Ic represents a cross
section from the top of the device; [0008] Figures 2a-2e illustrate a cross
BRIEB4ESTRIPTIANOWHATRIE WiRYg WIENIGSNation of the STI, in accordance with an
embodiment of the invention; [0009] Figures 3a-3c illustrate a cross section

the Ien th erth form tlon the STI for the. emboa ent rocess
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Crass s ctl n along the width of an embodiment process during the formation

drawm% the 0012] Figure 6 illustrates a flow diagram of one implementation of
the embodlment process illustrated in Figure 5; [0013] Figure 7 illustrates a
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of the STI; and

in accordance with an embodiment of the invention, wherein Figure 1a represents a cross section

of the device along its length; Figure 1b represents a cross section along its width, and Figure 1¢

represents a cross section from the top of the device;

[0008] Figures 2a-2e illustrate a cross section along the width during the formation of the STI, in

accordance with an embodiment of the invention;

[0009] Figures 3a-3c illustrate a cross section along the length after the formation of the STT for
the embodiment process illustrated in Figure 2, in accordance with an embodiment of the

invention;

[0010] Figure 4 illustrates a flow diagram of one implementation of the embodiment process

illustrated in Figure 3;

[0011] Figures 5a-5c illustrates a cross section along the width of an embodiment process during

the formation of the STI;

[0012] Figure 6 illustrates a flow diagram of one implementation of the embodiment process

illustrated in Figure 5;

[0013] Figure 7 illustrates a cross section along the width of an embodiment process during the

formation of the STI; and



[0014] Figure 8 illustrates a flow diagram of one implementation of the
embodiment process illustrated in Figure 7. [0015] Corresponding numerals
and symbols in different figures generally refer to corresponding parts unless
otherwise indicated. The figures are drawn to clearly illustrate the relevant
[0014$Ra6S DfithaRiefarrRAvamesimanisanth RIA M NRCESER INBHRNYACIR process
scale. To more clearly illustrate certain embodiments, a letter indicating
illustr¥@datigngyet the same structure, material, or process step may follow a figure
number. DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
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vention can alsg be applied, however, to other electronic devices. As but
may fgrh ﬁ%%‘i%nﬂfﬁ%?ér transistors (or BICMOS) can utilize concepts of the
present invention. Similarly, although the invention is disclosed for a planar
MOS device, the invention can also be applied to other devices such as
double gate devices and triple gate devices.



[0018] In one aspect, the present invention provides a method for reducing

the deleterious impact of shallow trench isolations (STIs) on active regions of

a transistor. In various examples provided, the invention is used to control

this phenomenon to enable the formation of devices across a range of widths

with equivalent electrical performance. [0019] The method according to the
DET AlileSPrib ESERIPTION ©& NobtiRTRATEWIHEN BOBINIBNTSaactive regions

around an isolation trench; thereby preserving device electrostatics. The

dopant atom is.implanted after the formation of the isplation. trench, but .
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sidewalls .of the isolation trench with non-dapant impurity. . [0020] A :
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IS iIIustrate%gItilQ igure 1 and various methods e formation of transistor

invent(ljve concepts tha n be emgg ied ra wide v 16‘,{0r qu ecﬁ}% contex{s a];he specific
evices using these concepts will then be described with respec fo the

oss-sectional views of Figures2a-2e..Figures 3a-3¢, Figures 5a-5¢, and .
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nem iment of invention, wherein a transistor 14 is disposed in a
and d@&?ﬁ@?ﬁ%&éﬁ%&/ﬁ% L\J]Ft??é??lzigure la shows the device cross section
near the STI 36 edge along the device length L. Referring to Figure la, the
[0017{rdhsigtosend imtnties wildsidesaibadiwithggereed tocpvotared Tmdedunents in a
channel region 18 disposed in the active area 11. A gate dielectric 24 overlies
specifips@taxnahreg)ioirgorad Baga widdirdend @6 e MdEhdeyace. dictaeents 24 the
A source extension region 34 and a drain extension region 35 are disposed in
inventiea samfitsorifuiitbhebdipvovendsplsgltgnmuads vaser By thi epapxnple, bipolar
region 18. Halo regions 44 and 45 are disposed in the semiconductor body
transistora ot RIGNONtersiBHiregioreeRE ahthaBreachb st régiblatpalgough the
disposed in the semiconductor body 10. However, the non-dopant region 203
invenigip i3 disghoseisiaal amnNHSSIEY 86 dhg dndfmtigratals bavipph eth@ athgr
not be present in the middle of the transistor 14. A source region 54 and a
devicesrgiishragide Bl grécqlepissedna WHeleapitcdndertor body 10 and are
connected to the extension regions 34 and 35, respectively. Low resistivity
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regions 54 and 56. [0022] Figure Ib illustrates a cross section along the
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active area 11 is disposed between STls 36. The channel region 18 is
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is shown by region 44/45 in Figure Ib. [0023] Figure Ic illustrates a top cross

acrosS el of hRIgRWIGt *adi cleanheilbgiralgrtiemidts. W and length L of the
device. The cut is at the top surface of the semiconductor wafer. The silicide

ions 55 gnd 57 as well as the source/drain extension regions 34/35 a
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.14 along the STI 36. . . . .
active regions %roun§ an 1solation trench; thereby preserving device electrostatics. The non-

dopant atom is implanted after the formation of the isolation trench, but before the isolation
trench is filled. This implant decorates the edges or sidewalls of the isolation trench with the

non-dopant impurity.



[0024] Halo profiles 44 and 45 are most susceptible to isolation trench effects
and are also among the most critical parameters that govern transistor
electrostatics. The presence of the nondopant layer 203 constrains the halo
dopant atoms near the isolation trenches 28. For example, the presence of
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STl liner (dose loss) or mitigate stress enhanced diffusion arising from

illustrilédaaFasusl ¢ Shinviie T IEeBHAR fhlans gottig e st/ snatialiv oo iR se
profile (along the width) in the channel region 18 for a large width device.
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variation in device electrical behavior between narrow and large width
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regions 54 and 56.

[0022] Figure 1b illustrates a cross section along the device width W, wherein the cut is at the
center of the channel region 18. An active area 11 is disposed between STIs 36. The channel
region 18 is covered by the gate dielectric 24 and the gate electrode 26. The halo profile is

shown by region 44/45 in Figure 1b.



[0028] Referring first to Figure 2a, a semiconductor body 10 is provided. In
the preferred embodiment, the semiconductor body 10 is a silicon wafer.

Some examples of the semiconductor body 10 are a bulk mono-crystalline
silicon substrate (or a layer grown thereon or otherwise formed therein), a

[0023leyriuef {d ilksiicon ©p arbkORLaHicon mairkicelaye cRha pilcRAaRVIRs Wi W

(SOT) wafer, or a layer of a germanium-on-insulator (Ge0Ol) wafer. In other

and 1eBBIRQCITERIGe AT BRMIGORAYBleR S YIRS StiGRNSRIRMARII SRIMANTWRsilicide
gallium arsenide, indium arsenide, indium gallium arsenide, indium
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trenches 28 are formed in the semiconductor body 10 as shown in Figure 2b.

dopant WiBELOBIgUR ABd apiesenis tTenerasasaectian alemngtHeswidth, W of the
device. The isolation trenches 28 can be formed using conventional

For ex ad oxide l er 15 followed b ard m sk la er
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STI 36 and can be called narrow width devices. Consequently, devices processed with this

invention have a uniform or flat narrow width effect. In other words, devices of different widths

have similar electrostatics (e.g., threshold voltage).

[0025] A specific example of the halo dopant is boron, although other (for example interstitial
diffusers) may also be used such as indium, phosphorus, and arsenic. Hence, the current
embodiment is applied to an nMOS transistor. In other embodiments, the present invention can
also be applied to other devices such as pMOS transistors. In those embodiments, the halo

dopant is typically arsenic, although in some cases phosphorus is also used.

[0026] In other embodiments, other semiconductor devices and elements can be fabricated
separated by isolation trenches 36. For example, if the doped regions 54 and 56 are formed with

-



[0031] After the formation of the isolation trenches 28, the isolation trenches
28 are lined with a trench liner 30. In the current embodiment, the exposed

silicon surfaces are thermally oxidized to form a thin oxide liner layer. [0032]
A non-dopant atom 202 is then implanted into isolation trenches 28 to create

opposadiehdARBNIRYEARAIAT Shanpeibfciawe A0 didadensppariatepdmpiantistor.

is tilted or angled to improve coverage of the trench sidewalls. The tilt or
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non-dopant atoms 202 striking the hard mask layer 16 are absorbed,

capacidier@as the Rrddapicato M slathalcthike theoise @iinpittenates A8RME could
the semiconductor body 10. For clarity, the non-dopant atoms 202 implanted
be usddl@dihexpa@lexide daysiplnocipadnarcheprsknaypplldiase ot sSKRWANA ground) on a
Figure 2c. In some embodiments, the nondopant implant may be implanted
semicyadiicailyctth O degree tilt). [0033] The implant parameters: angle, energy,
tilt, and number of rotations of the non-dopant atom 202 implant are chosen
ant atom. 202 around the
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sometimes negatively impact gate dielectric reliability. In such cases, it may
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as trench corners or a top surface that forms the gate dielectric 24. To avoid
embodutnhelyativairnpdetiaitatyld dnnplemticonditiens Soaye lve sefdetad. thor

example, implant tilt can be targeted from about 10 degrees to about 45
semicdedue®s b8ilnildriresuitalll minptantsenkbngsitanibe beiattddrte lalarezoalk thereon or

concentration of the non-dopant atoms beyond about 200A from the oxidizing
otherwisefdcaned Somengaskycif if i1dOsisdd-tm co-aptiMiz sl opifty, oflbpthahe silicon-

isolation and halo profiles, a lower tilt such as less than 10 degrees may also
on-ingugatse§OI) wafer, or a layer of a germanium-on-insulator (GeOl) wafer. In other

embodiments, other semiconductors such as silicon germanium, germanium, gallium arsenide,

indium arsenide, indium gallium arsenide, indium antimonide or others can be used.

[0029] In the first embodiment, isolation trenches 28 are formed in the semiconductor body
10 as shown in Figure 2b. Further, Figure 2b represents the cross section along the width W of
the device. The isolation trenches 28 can be formed using conventional techniques. For
example, a pad oxide layer 15 followed by a hard mask layer 16 is deposited on the
semiconductor body 10. The hard mask layer 16 can be any suitable material such as silicon

8-



[0035] Referring to figure 2d, the preferred tilted non-dopant implant is a four
rotation implant along the device width, wherein a total implant dose is
divided into four implants, wherein each implant is -10- performed at
substantially the same angle, with the wafer being rotated 90 degrees after

nitrid @8 proRlaRthbhistesIhifationimplant e agsteraRatiallyosyiomatieh 28. The hard
non-dopant distribution around the isolation trenches 28. Such a four rotation

mask IR RYRendacesosH ReRendisy adayices are present in the given
technology. In some embodiments, the tilted non-dopant implant may be a
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entitlement of this invention. Some examples of multiple implants include
nitrogen followed by germanium, germanium followed by nitrogen, fluorine
followed by germanium, fluorine followed by silicon, carbon followed by
[0031] After the formation of the isolation trenches 28, the isolation trenches 28 are lined with a
trench liner 30. In the current embodiment, the exposed silicon surfaces are thermally oxidized

to form a thin oxide liner layer.

[0032] A non-dopant atom 202 is then implanted into isolation trenches 28 to create a non-
dopant layer 203 as shown in Figure 2c. The non-dopant atom implant is tilted or angled to
improve coverage of the trench sidewalls. The tilt or angle referred in discussions here is
relative to the wafer normal. Most of the non-dopant atoms 202 striking the hard mask layer 16
are absorbed, whereas the non-dopant atoms 202 that strike the isolation trenches 28 enter the

semiconductor body 10. For clarity, the non-dopant atoms 202 implanted into the pad oxide



germanium, or carbon followed by silicon. The sequence of these multiple
implants can also be varied in some embodiments. Similarly, the implant
parameters may be chosen differently for the multiple implants. As an
example, the first implant could be a four rotation tilted germanium implant,
layer YS\6IERSHAIE SRERNGENPERATCRIIChBS A fiyvei satatien TiltesheasRbITHNARY the non-
[0038] In the preferred embodiment, the non-dopant atoms 202 were
dopaniipianiednafiee theplaneatienrhatienandines 80 «ihis was done to avoid loss
of non-dopant atoms 202 during the trench liner 30 formation process.

ever, in a different embodiment, the non-dopant atoms,202 ar
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rmal anneal may be performed to partially or completely repair the
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rom eeroeno?.mi‘fﬁ%eigola on rlecﬁgﬁlécs thén filled with an oxide, such as a
HDP oxide. The HDP oxide is filled into the isolation trenches 28 using, as
[0034{hEhamescimcti cdtesn-al dpght density (Rasmend seotiiendnebodirpemtspodaegoing
trench filling processes can be used. For example, while the isolation
oxidatr@ncire so28 anecthpyealbldinedy s isnstep amash & aveidetbwitthaereserfde of some
materials (for example HARP). [0041] The top surface of the semiconductor
atomspadly 40flssuBseguEnty Epotishedl aridplarthe pecke@iverhisahmetblaanicals such as
polishing (CMP) is a specific example of the polishing process. The nitride
nitroghaat masinldyerca§isoaidhednfollewebimylaiyhihg iaduSibn38 didistenton-dopants into
planarize it with the top silicon surface. In some embodiments, the STI 36
the gatexitielésteitch¢ darftem@hRefoliegutddby irspaov ghtsf disket measkliayidityl 6lnTiueh cases,
transistor 14 after this step is shown in Figure 2e. The cross section of the
it maysherigplentioe @longstrepidpesdidetantditestici Basrinrom Figues Sachiss tiesich
cross section is from about the edge of the isolation trenches 28, a uniform
cornetayep obphears-topdotiaybe 208 didhown 2Holevepidotitdrgegativetimpact, suitable
devices, the uniform non-dopant layer 203 may be absent moving away from
implagheandiicdne defey. HOO4RT RiGukeBexshples itheldesidecaftdredatgettd dkoanabout 10
source drain extension formation. A gate dielectric 24 is deposited over
degregsioodunpbrtisgecos. tiesdanigondiadlon oMt endrgpsendhaiseldicinsiie tHacgarak
dielectric 24 comprises an oxide (e.g., Si02), a nitride (e.g., Si3N4), or a
concegtipiisinafidie sfooxideant @tairdee Yoyl aBIoNE 0o alcoxide-pitiddengxideface. In some
sequence). In other embodiments, a high-k dielectric material having a
cases, dfeldsties tomsearit-op ot HOdorgreatdrith isedalstine iddieefic4 lower tilt
Suitable high-k materials include Hf02, HfSiOx, Al203, Zr02, ZrSiOx, Ta205,
such asdoe3haitrlQets gheaeotayHxDRe MFAJOXNI X y, ZrAlOx, ZrAlOxNy, SiAlOX,
SIAIOXN1 x y, HfSIAIOx, HfSIAIOXNy, ZrSiAlOx, ZrSiAlIOxNy, combinations
[0035]rﬁé?&fm%&&ﬁ@ﬁ?é%@'%%f&%fﬁﬁftﬂéﬁ‘lé@ae . @@m%sa ﬁ&ﬁ?f@@%ﬁ’ Mﬁﬁﬁt along the
gate dielectric 24 can comprise other high-k insulating materials or other
device‘i!x@!ﬁﬁt%éi%ﬂ{%rﬂé\ﬁ-iﬁﬁlﬁﬁi%@'i@ﬁ&i’&dtﬂﬁo%ﬁ?iﬂiﬁl‘ﬁﬁ&[‘&gl%?eﬁi%é(cﬁ%méﬁ‘?sa
single layer of material, or alternatively, the gate dielectric 24 may comprise

two or more layers. [0043]The gate diglgctric 24 may be deposited by
chemical vapor deposition (CVD),



atomic layer deposition (ALD), metal organic chemical vapor deposition
(MOCVD), physical -13- vapor deposition (PVD), or jet vapor deposition
(JVD), as examples. In other embodiments, the gate dielectric 24 may be
deposited using other suitable deposition techniques. The gate dielectric 24

perforiedefehiyeampnisasadhickness afdRaptids 1R ABAVIRAPIN R¥eees after cach
embodiment, although alternatively, the gate dielectric 24 may comprise

implafthghdimensinnseinijgusitatatempdinsnintbeisane dipleedista@ion around
would be used to form the gate dielectric 24 for both the p-channel and

the isdlaéloAnRel eSSt ee hinieatiads NpRaMaYebEasEad I akapatacular devices
embodiments, the p-channel transistors and the n-channel transistors could

are préReh inaue giftereninastedicecita® (ol AcaaiaRientrader@dpdarmesiant may be
over the gate dielectric 24. The gate electrode 26 preferably comprises a

a two seiatieaANetiaE. material, such as polysilicon or amorphous silicon, although
alternatively, other semiconductor materials may be used for the gate

ctrode In oth remb iments, e ate electrode 26 may comprise. TiN,
UERaish S e e g Al A ‘%%‘P‘I*F Such
PtT Pd, Re, Rh, borides, p hides, or an |mo ides of Ti, Hf, Zr, Tj
as ﬂ“‘f\ﬂléi‘el\)i‘btﬂ)g ‘iEl‘%ﬁkﬁ’ F—ﬁﬁ ﬁf%%ranHmN C%‘R}?/m&tb" AT 8%%150 be
te jal, a fu S|I|c:|de ate aterlal r metals, and/or

e S A N e o
26 d der ili | 2

s antﬁ’éﬁ?m& Sty &'C?rgﬁ%er O e TS S g oo

2010599, 00451 The ol clegrelc 26 may pomoyiss gyl o (R

{ré maaterlas as a me al

yerwith a pofySificoncap 1a
d th t I der | 2 A gat trode 26 k
15ke oF#é’ LB 20 8 200 bobn T Re e A ‘fré%?é,s

ALD, or other deposmon techniques. [0046] P-channel and n-channel

[0037{ravidistets theafgrablynincligaugatediec rode st Léniyrofacinghn ¢hrensamenultiple
layers. If the gate electrodes 26 include a semiconductor, the semiconductor

implagreiveasped wifferéntyniercise sp it haayrial achnsisigreuand thearodankelmplant. For
transistors. In other embodiments, different types of transistors can include

exampjates ofdiifferantmbtetiaky deti/drythickhes sdsc b 0d4ip) v gyetgi dayap(addhe
optionally the gate dielectric layer) is patterned and etched using known

isolatiphdtotitheg) 28 Hyotecmoitidepant s reate h 8 uratecolettrduev2ebeh e iplbpbavior only
pattern. After formation of the gate electrodes, a thin layer of spacers 37 are

if the fovphededrregiopasars@pharediofhedifcoi Bnplastddtingubatangsusresans can
oxide and/or a nitride, and can be formed on the sidewalls of the gate

result éesthodecddrandghtel elislad s 2uinThdegpralodriadoetypical Sifiotabd dyparmhization
deposition of a conformal layer followed by an anisotropic etch. The process

of the gaploatedpeatenl far mpitiple g/ et ctsaesireticarbsormepdayesivi thengzgase in
electrode 26 is polysilicon, the thin spacers 37 may be formed by poly

substigstigasgiosarbon. An additional implant may also help tailor the non-dopant implant profile,

for example, by removing the channeling tail of the implant. Hence, in some cases, multiple
implants or co-implants may be needed to achieve the full entitlement of this invention. Some
examples of multiple implants include nitrogen followed by germanium, germanium followed by

nitrogen, fluorine followed by germanium, fluorine followed by silicon, carbon followed by

-11-



[0048] The present embodiment is a gate first process, i.e., the gate is

formed before the source/drain regions of the transistor 14 are fabricated.

Some embodiments may use a gate last approach. Such integration

schemes are typically adopted to overcome the thermal processing
germatfiialionNSAdh etdiecalestiade maraHak gidrted igleet icumpte gl lh&UEH also be

cases, the gate electrode 26 (and sometimes the gate dielectric 24) formed
variedRQRNIS dnbadiificiak|agah andisiichpthansaremavadmay e g digte gy for

and gate electrode may be formed at a suitable step before the formation of

the mifi@ple Pnip)gits[0R4 9 Thenselr epédiain @iaRsinIEBION R (34Aneb3a M @a%Germanium

halo regions 44 can be implanted using this structure (the gate electrode 26

implad) & HiR SpReReSHEsPIIASkultiaR B-typedfansisiokisdats fpnpes. an
n-type ion implant is used to form the source /drain extension regions 34/35.

0038 e A 8 b S A LN LA TS G
dose of ab x1014cm 2 to ab an.implant ene

formafja sk RG0Sy THE S50 PB4 T R SR RC ST A0 during the
ials, h h d i be impl d. If -

trenci e T g T, e RS e i oms
i i /35. le, b i be impl d with

202 g D A TR e, B A2 SO IS 2 implant energy

between about 0.1keV to about IkeV. In other embodiments, other materials,
[0039% Uick@aseBiag; siolbautat boread, naxhesperioored tapdoealtypdantecpl0Oh0kpair the

tilted implant is used to form the halo regions 44 at this step. The tilt of the
non-dtypicalnhglioiripizageretative toethvelatafe tneocheal 2aribssiront atesuthis degeekbsay be

to about 45 degrees. A p-type halo implant is used to form the halo regions
includéd eitleed Brimedrataly Hakoe! tpathsistgrlaint thevprdigersthgembobimentshag.

p-type halo implant is boron with a dose of about 1x1013cm 2 to about

[0040PREPAAGD 2ot AHTRIABL SREay ARIWEEA-AROYE e ANGARPYAOKE Kolating

ther implants suclr as indium, BF2, molecular boron, or cluster boron can

materfﬁllsﬂ)gﬁiﬁ?%q'ﬁ%f? WRR H@%&ﬁ@ﬁ%ﬁl%ﬁ 9’9{%@@ d@ﬁ@ﬂ&é 'I'§%gef9trcﬁed and

p-channel transistor. As a specific example, the n-type halo implant can be

remO\%r(feﬂfe\'i‘éigﬂaﬁt%oﬁled@ﬁQp&iﬁt l;e?(&gujfgo’lg Ma%e&?aﬁgpwﬁjxﬁ%i%ﬁt EQAH}B!@@&
energy be'gween about 10keV to apout 1QleV: In some empodlmer)ts, the
isolatiﬁétiffdlé%é‘i’ﬂlmﬁé?ﬁﬁé %%&'%?cﬁ%‘ﬁi@rﬁﬁ? %'ﬂﬁéi' RS IR IR AR BHSIBRi e,

profiles. Some examples of such implants includé silicon, germanium,

HARPURIETERIRLi fU OGN, AR GPHP! ”f‘ﬂ@ﬁ%ﬂ{%ﬁ%l{gﬁ’éligigﬁ%ﬁ% contain

shows the device after formation of source/drain spacers 38, an

multiRHHEGAA5RI T EARDR: %ﬂéﬁﬁdwé’ﬂg?@ﬁlﬁ@%&?fﬁ% GRILAE IIMELARIBE and

sidewalls of the existing thin spacers 37. The sequence of the deposition and

combiRbHS AR THINE FREHG LRI SPRGRETRY ARtRWINE.D&ifloal RihaRre, #ipp

the spacers 38. The source/drain spacers 38 may be a single layer or

oxide MHRREDRYK R OV IEMRE A 'ﬁ?o‘?éflﬁﬁﬁ%&%l%@m%‘r Ot dRRARHRN QL0 high

spacers 38 to avoid deleterious diffusion of junctions during their deposition.

densithPIHUN HWE@JQH%%@YO%@@}%@}?fmﬁJggﬂ?E@As@g-gfh) pRIRSANEor example,

Source/drain regions 54/56 of the transistor 14. ilar to the formation of the

while SRUIGRLGINCXISRSION JRAVN S/ ARe@MNSYRS (AR BBRANNE Waad doWer i

the heavily doped source/drain regions 54/56 for an n-channel transistor. In
materth§ @feraghenpofishent, arsenic ions are implanted into the source/drain
regions 54/56. For example, arsenic ions can be implanted with a dose of
about 1x1015cm 2 to about 5x1015cm 2 and at an implant energy between
about 5keV and about 30keV. In other embodiments, other materials, such as
phosphorus and antimony can be implgnted. If a p-type transistor is to be
formed, a p-type ion implant is used to form the heavily doped source /drain
regions 54/56. For example, boron ions can be implanted with a dose of
about ix 1015 CM 2 to about 3x1015CM 2 at an implant energy between
about IkeV and about 5keV. In other embodiments, other materials, such as



[0052] A source/drain anneal is used to activate the dopants and form the

active junctions. This anneal may be a fast RTA anneal or any other suitable

anneal. This anneal step is preferably performed at a temperature between

about 900C and about 1200C, for a time between about 0.1ms and about is.
[0041 FOnEXGMRIEa@ORTA SanishBgsor He a0aderreratuts, polidfQCafr Haksrized.

In some cases, a milli-second anneal such as a flash lamp or a laser anneal
ChemfB@yndlSRaBR MRSl ShiRer eloms RraRpembiBatiapIvEhBe RRTiéhmpnaabess. The

[0053]Referring to Figure 3c, a suitable silicide metal is deposited over the

nitrid IRiLIREI s L OAR G R SeMIER/EH I FRAUBRIIRASTE 3FNX RRMIGAREKICESNt with the
body 10 is then heated to about -17- 500C to about 700C. The exposed part

top siédhe resEeldraimeeaiDodind/He, and TatseirioreRadeagtnitMinellowed by
deposited silicide metal to form a single layer of metal silicide 55 and 57. Any

remowaNFaEROSINRIOS dPeml MRtkasiemoveditbn the Repfieyedwmigdisnanteth®he cross
silicide metal is nickel platinum, but could also be nickel, cobalt, copper,
sectiofnefthe entedditaeiuion taRtabd e idNGsLe i RUpII s ZHE MM FiplatBaM AQrthis cross
combinations thereof. The preferred anneal is about 500C but any other
sectiofUi{ &)e) apoeahead feofsrelisbheisiciskatien 2¢ thasesaaldainfre@ians-dopant
54/56 result in formation of silicide regions (55 and 57) with a thickness of
layer 20W14t HOAHO B30y lir samedamhadiaienis ueogatecalerisael A@1May may
be blocked to avoid any silicide or silicide metal formation. Such blocking of
be abdbie grRielestgdedmahbedenedigial, if the gate electrode is made of a
material other than polysilicon. [0054] Further processing continues as in a
ical i manufacturin rpcess. Addit&onal Iaglers such
and source |

V, egrated chi as.
10042 e e T S SR A0 SN R AT SN ign: A eate

dielecit?iteg%’i”” Gl the yarious companents are piso included in the C'][i8’ Jtare
not filuStrated herein tor the pu?pose of)simpﬁcll{ly.(f—nor exampﬁlé/, ypicaﬂ , a
ress liner is d sited pver the.gate electrode that also is. a.contact et
embo g R O S e T b A e, Si¥peor o
combﬁ'ﬁ%hog ?Sﬁ‘f F’ﬂ%ﬁtﬁiﬁﬁ Jormeg fhrough, the, contact peh Stop.tayer (CES bner
Ineran e ayer.

embodiments, a high-k dielectric material having a dielectric constant of about 5.0 or greater is
used as the gate dielectric 24. Suitable high-k materials include HfO,, HfSiOy, Al,O3, ZrO,,
ZrSi0y, Tay0s, LayOs, nitrides thereof, HfAIO,, HFAION ..y, ZrAlOy, ZrAIONy, SiAlOy,
SiAlION | x.y, HES1AIO, HfSiAIOxNy, ZrSiAlOy, ZrSiAlOxNy, combinations thereof, or
combinations thereof with SiO,, as examples. Alternatively, the gate dielectric 24 can comprise
other high-k insulating materials or other dielectric materials. As implied above, the gate
dielectric 24 may comprise a single layer of material, or alternatively, the gate dielectric 24 may

comprise two or more layers.

[0043] The gate dielectric 24 may be deposited by chemical vapor deposition (CVD),

atomic layer deposition (ALD), metal organic chemical vapor deposition (MOCVD), physical
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[0055] A second embodiment will now be described with reference to the
cross-sectional diagrams of Figures 5a-5c and the flow diagram of Figure 6.
In this embodiment, a part of the isolation trenches 28 are filled to form a
blocking layer 29 on the bottom of the trench. This blocking layer 29 blocks

vapor i 84BSAqPEH o soRaY- RPN Somas el alina e, tenadeiieBdiments, the
surface. [0056] Referring first to Figure 5a, a semiconductor body 10 is

gate dRIR¥IGRD4 segtiRNipNGhas LB @mntarinaduR e SenvseRttiRed ot Asate
described previously. According to an aspect of the present invention, the

dielectsRiatigidranshesoa$Hmay henpaitialfileduvithafiamiansoiasking sassdiahent,
by substantially completely filling the isolation trenches 28. The blocking layer

althouddl AIRYnAGIyOUid e day BlelEQFiEXAINMG B8 PHiab X dB1éaResiiOh PReGREStrated
such as the HDP oxide deposition process may be used. Other examples

embodigleile i presErIe: elieRyea WA b @RES b0 (h ke e &IRNOMIRR A for both the

tetraethylorthosilicate (1EOS) gas, or plasma enhanced chemical vapor

p-chasi@pasidiarchzimeMignefssicomidiopgakenhdEF aRrd reyiaen Mixitesate
(PEL1EQS). After the isolation trenches 28 are completely or substantially
embod@mepistely pliatnas etehsRack piocess-ishenmplayadivberebueXxédenidave different
removed from a top portion of the isolation trenches 28, while the oxide in the
gate dpgél@Acportion of the isolation trenches 28 remain therein. [0057] The tilted
non-dopant atom 202 is then implanted into the semiconductor body 10 as
wnlnFl Nndo antaomsZZhatst e a top sidewall porjon
[0044Z 38 B\ (fﬁeg ﬁ’)r% pas%r ro%%}ﬁ lﬁoe Cthlte heﬂsl IC%P? i o&ebEOdy

1|91 Wh| e non-dopant atoms 202 tha strlk the in the botto ortion of
preferﬁq I‘ SC a S ICO uctor, ateri Lb 1CON Or amor S s1i1con,
isSIA renc are ISR LSS ARHEIN SR ShEERRA

m onduct d 10 alon abottoma d bott mS|d allq orton ther
o S SRR 505 Jund%éﬁfl”ma'g g0 1

other emflg)og1 rerf?: tps I[lfuolg t?é%? CQrocrilg Qﬁd m?larcl:tore}}oms ﬁfﬂgﬁ%ﬁ;e{n%sw Al, Ru,

especially AT A certain circumetaced AS an éxarripl havior of

0 02 cap a |ff t in s, re ons
RuTa, t}e ShoN o%qurt? aﬁﬁgﬁe Lohs of he%fe@rgﬁoﬁéu for body Srae QH“‘ feor

antlmomcigstgts"lani-?fr 04 ARQIRS ﬁf&f\f‘%& IR SRy ﬁ?é‘tgth?vﬁyﬁﬁatipevﬁl? Fiw, a

may ncrease diffusion. In sue ca§es the crysta iné par

partlaﬁr%m 1&1 g%?r bogé/ 1aP SH]?F S1 101 ?irdgtéhme It%cr)J Igl}'i)g nd}les 28 \évllll SUJE)

UNCtions res tln dorer electric eitlon uorlne
gs ific example of a n dop atb have rentl morpl
combit éfyi%atfﬂ%éx%ag?w%?oc s mn%.fﬁnﬁ}z@s e AP PP dopea
ant afoms 202 i tallln regions r S pockets
1 ] tt il é 9 AR RAF
po y“%z i KT o twgl.sj A s rr%?]gnowtgaum
Sthldg gi Slllt 18 reo?finth the |solat|on trenches 28 are filled with a
ectrlc materia as OXI e or some other electrically isolating material

forming STI 36. In one example, the HDP oxide deposition process may be
[0045feTimitzatetier fivdh @ vaBan P eepisestativabhchles R cA keimatirelial Hikiwh as a metal
dielectric deposition processes may be employed and are contemplated by
under thigasragbrit poVesitiopn namlaike dasnasasbodinibanuttahisnges devsys; thegblockiggode 26
layer 29 may be removed to open the isolation frenches 28 again. The
havingsp hirkmers oé et 28 mrb nbWOMe tovakaw A0 AINmMEak idEPTHIShrotrss HdyP VD,
be used if the blocking layer used earlier had a different property than the STI
ALD, 35 fithen dengaitiprefrednigirsemoved before further processing.
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[0059] The semiconductor body 10 is then polished and planarized using, for
example a CMP process. The hard mask layer 16 and then the pad oxide
layer 15 are etched to expose the active area 11 as illustrated in Figure Sc.
Further processing continues as described earlier starting from Figures

[0046P-3RalBPOA AR embodinenial gy Guraat inverlicitydie 28 it from

non-dopant atoms 202 entering the n-channel device relative to the

the saRreNARAE! HeMicefayebedasepsndemly comioliadudor, iMstanaohMadPean be
possible that the non-dopant atoms 202, while improving the n-channel halo

dopedriffiesiBfad@dhechchaniaehdialorpiatilehd A-sHahnel GUMSiaRs e $a dther
additional patterning can result in different implant blocking layers covering

embod@ditehATReEReipes etativRiteoti @ Arehanfe SRS O AP Sk i S8Ry ndir
narrow aspect ratios, such a structure can modulate the dose of non-dopant
thickn@t@eds 202 entering the n-channel regions relative to the p- channel regions.
This embodiment is explained with reference to the cross-sectional diagram

o e A B SR s s 1
Kk 9 h de har d d
knoww@ge&%%%éa Ialgu%‘ 5?&?%%&%&5& ecarq?%‘%ba %ffég'?rﬁz? gggsm?r After

d bef th lant blocki ti
formafi %aiﬁ% §%§rﬁ%ﬁf&f§ bt %?scﬁp R oet TPtk re
f tgp ayer. 17 atterne rﬂk e first har k16 ang isolation lbre? § th
orme RS 2SR e i snsies P Reg it A ARk v ope (i on e

ant atom e then im nted into je semiconductar
sdew I B R e ﬁ&ai.ng R LS PR T ol aeiea by the
deposﬁg)é‘n]:grn fg?ﬁgrerm% e f%‘i‘r%‘)we glyodion 12 Vﬁ%%ee% Ihefon-dopant aﬁ%r?épeated for
g heh-ERanne reglo LR Rt opant region
) e embodime s re ion 12 is nd r ion 1
e Ok L T P P T spacers
37 m l?)e &solatl(g] |s E) er(r))rzrllée 1(;/}/llth the dielectric material to form STI, and all other
s ers ](HW & hard Mas S, étch stop layers, oxide layers) are etched and
pollshed to expose the active areas (not shown). Further processing
[0048¢ dingrrescasedelsatiben igadignistaringrawys Riguitbs Sate3s. (0062 helvil diso
be readily understood by those skilled in the art that materials and methods
sourcgfiayibecgariscithitaeamstionid witabtivatsdofonf thimhmdisesttinvention algige last
also appreciated that the present invention provides many applicable
approjeheritiveh comgegsisnotbleamika arthie sigeldifisdopted xesoysewracilibs therenpl efioesding
embodiments. Accordingly, the appended claims are intended to include
limitaiiouri o itledrasto pleduete prosesd s, gaiachitesirimantsackule, ssempositiohes gt
matter, means, methods, or steps.
electrode 26 (and sometimes the gate dielectric 24) formed above is a sacrificial layer and is

etched and removed. A new gate dielectric and gate electrode may be formed at a suitable step

before the formation of the ILD layer.

[0049] The source/drain extension regions (34 and 35) and halo regions 44 can be implanted
using this structure (the gate electrode 26 and thin spacer 37) as a mask. If an n-type transistor is
to be formed, an n-type ion implant is used to form the source /drain extension regions 34/35. In
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WHAT IS CLAIMED IS: 11. A method of fabricating a semiconductor
structure, the method comprising: 2etching a trench with sidewalls and a
bottom surface in a semiconductor body; 3implanting carbon and/or nitrogen
ions into the trench; wherein the carbon and/or nitrogen 4ions are implanted

the pr'Hifefl%U_l @ﬂﬁ%ﬁﬁéﬁ,sﬁﬁﬁf@tﬁﬂlpé{rg@fﬂﬂgﬁﬁ%ﬁﬂ{@t_lf@js@uﬁ_jé'@&igi’ﬂ HAEMBAGIBRNS
5semiconductor body; 6filling the trench with a dielectric to form a trench
34/35ISPRUKAKPIORRAR ions can be implanted with a dose of about 1x10"cm™ to about
3x10"°cm™ and an implant energy between about 0.5keV and about SkeV. In other
embodiments, other materials, such as phosphorus and antimony can be implanted. If a p-type
transistor is to be formed, a p-type ion implant is used to form source /drain extension regions
34/35. For example, boron ions can be implanted with a dose of about 1x10"cm™ to about

3x10"°cm™ at an implant energy between about 0.1keV to about 1keV. In other embodiments,

other materials, such as BF,, molecular boron, or cluster boron can be implanted.

[0050] A tilted implant is used to form the halo regions 44 at this step. The tilt of the typical
halo implant relative to the wafer normal varies from about 0 degrees to about 45 degrees. A p-
type halo implant is used to form the halo regions 44 and 45 for an n-channel transistor. In the
preferred embodiment, the p-type halo implant is boron with a dose of about 1x10"cm™ to about
2x10"em™ at an implant energy between about 1keV and about 10keV. Other implants such as
indium, BF,, molecular boron, or cluster boron can also be used as p-type halo dopants. An n-
type halo implant is used for a p-channel transistor. As a specific example, the n-type halo
implant can be arsenic with a dose of about 1x10"cm™ to about 2x10'*cm™ at an implant energy
between about 10keV to about 100keV. In some embodiments, the extension implants can also
contain additional implants to tailor the junction profiles. Some examples of such implants

include silicon, germanium, fluorine, carbon, nitrogen, and/or combinations thereof.

[0051] Figure 3c shows the device after formation of source/drain spacers 38, and
source/drain regions 54/56. Source/drain spacers 38 can be formed on the sidewalls of the
existing thin spacers 37. The sequence of the deposition and etch used to form the source drain

spacers 38 determines the final shape of the spacers 38. The source/drain spacers 38 may be a
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7doping to form an active region disposed in the semiconductor body,
wherein the trench 8isolation region is formed around the active region.
12.The method of claim 1, wherein the semiconductor body comprises a
semiconductor 2substrate. 13.The method of claim 1, wherein the carbon

single3RGKPHNHPEPI: RIS BT S NP Ak R ARGIR 2NPE DM@ R RAREH of the
surface of the trench. 14.The method of claim 3, wherein the angle is greater
spacei138 i ds@r@@Sterious diffusion of junctions during their deposition. An ion implant
step followed by a rapid thermal anneal (RTA) forms the source/drain regions 54/56 of the
transistor 14. Similar to the formation of the source/drain extension regions 34/35, an n-type ion
implant is used to form the heavily doped source/drain regions 54/56 for an n-channel transistor.
In the preferred embodiment, arsenic ions are implanted into the source/drain regions 54/56. For
example, arsenic ions can be implanted with a dose of about 1x10">cm™ to about 5x10"°cm™ and
at an implant energy between about SkeV and about 30keV. In other embodiments, other
materials, such as phosphorus and antimony can be implanted. If a p-type transistor is to be
formed, a p-type ion implant is used to form the heavily doped source /drain regions 54/56. For
example, boron ions can be implanted with a dose of about 1x10" cm™ to about 3x10"°cm™ at an
implant energy between about 1keV and about SkeV. In other embodiments, other materials,
such as BF, molecular boron, or cluster boron can also be implanted. Similar to the extension

implants, in some embodiments, fluorine, carbon, nitrogen, silicon, germanium, or combinations

of these materials are co-implanted along with the source/drain implants.

[0052] A source/drain anneal is used to activate the dopants and form the active junctions. This
anneal may be a fast RTA anneal or any other suitable anneal. This anneal step is preferably
performed at a temperature between about 900°C and about 1200°C, for a time between about
0.1ms and about 1s. For example, an RTA can be performed at a temperature of 1090°C for 0.1s.
In some cases, a milli-second anneal such as a flash lamp or a laser anneal may also be used

either alone or in combination with an RTA anneal.

[0053] Referring to Figure 3c, a suitable silicide metal is deposited over the gate electrode

26 and the source/drain regions 54/56. The semiconductor body 10 is then heated to about
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15.The method of claim 1, wherein a change in dopant profile is localized

around the edges 20f the trench. 16.The method of claim 1, wherein addition
of the angled carbon and/or nitrogen implant 2results in a matching of device
electrostatics between a narrow width transistor to that of a 3transistor with a

500°dagiomdibne@theshalpoveitaar of the source/drain regions 54/56 and gate electrode 26
react with the deposited silicide metal to form a single layer of metal silicide 55 and 57. Any un-
reacted silicide metal may be removed. In the preferred embodiment, the silicide metal is nickel
platinum, but could also be nickel, cobalt, copper, molybdenum, titanium, tantalum, tungsten,
erbium, zirconium, platinum, or combinations thereof. The preferred anneal is about 500°C but
any other suitable anneal can be used. The silicidation of the source/drain regions 54/56 result in
formation of silicide regions (55 and 57) with a thickness of about 50A to about 300A. In some
embodiments, the gate electrode 26 may be blocked to avoid any silicide or silicide metal
formation. Such blocking of the gate electrode may be beneficial, if the gate electrode is made

of a material other than polysilicon.

[0054] Further processing continues as in a typical integrated chip manufacturing process.
Additional layers such as stress liners inter level dielectric (ILD) layers, and metallization layers
that interconnect the various components are also included in the chip, but are not illustrated
herein for the purpose of simplicity. For example, typically, a stress liner is deposited over the
gate electrode that also is a contact etch stop liner followed by deposition of an ILD layer. The
source, drain, and gate electrodes contacts are formed through the contact etch stop layer (CESL)

liner and the ILD layer.

[0055] A second embodiment will now be described with reference to the cross-sectional
diagrams of Figures 5a-5c and the flow diagram of Figure 6. In this embodiment, a part of the
isolation trenches 28 are filled to form a blocking layer 29 on the bottom of the trench. This
blocking layer 29 blocks the subsequent non-dopant implant from penetrating the trench bottom

surface.
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18.The method of claim6, wherein the narrow width transistor has an active
width less than 2 300nm. 19.The method of claim 1, wherein a trench liner is
deposited over the sidewalls and the 2bottom surface of the trench prior to
the carbon and/or nitrogen implant. 110.The method of claim 1, wherein the

[0056RRBETRGIINEANPLERS PAH Rha dYiIadiansialrr03d broviaethod RhdRBricatings 28
a semiconductor structure, the method comprising: 3providing an active
are fofBRIOTHRNLIEMIRBISREAHOPH P ASIBSHTIR SEANGONICIRERREM LA AN aspect of the
present invention, the isolation trenches 28 may be partially filled with an implant masking
material by substantially completely filling the isolation trenches 28. The blocking layer 29 may
be an oxide layer. For example, a suitable oxide deposition process such as the HDP oxide
deposition process may be used. Other examples include low pressure chemical vapor
deposition (LPCVD) employing a tetraethylorthosilicate (TEOS) gas, or plasma enhanced
chemical vapor deposition (PECVD) of silicon dioxide from TEOS and oxygen mixtures
(PETEOS). After the isolation trenches 28 are completely or substantially completely filled, an

etch-back process is employed wherein oxide is removed from a top portion of the isolation

trenches 28, while the oxide in the bottom portion of the isolation trenches 28 remain therein.

[0057] The tilted non-dopant atom 202 is then implanted into the semiconductor body 10 as
shown in Figure 5b. Non-dopant atoms 202 that strike a top sidewall portion of the isolation
trenches 28 pass through and enter the semiconductor body 10, while non-dopant atoms 202 that
strike the oxide in the bottom portion of the isolation trenches 28 are blocked substantially from
entering the semiconductor body 10 along a bottom and bottom sidewall portion thereof. Hence,
only a small non-dopant region 203 around the isolation trenches 28 is formed that contains the
non-dopant atoms 202. This embodiment is especially useful in certain circumstances. As an
example, the behavior of the non-dopant atoms 202 can be significantly different in amorphous
regions relative to crystalline regions of the semiconductor body 10. For example, while the
amorphous regions may help to retard diffusion, the crystalline parts may increase diffusion. In
such cases, the crystalline parts of the semiconductor body 10, such as towards the isolation

trenches 28 will suffer from degraded junctions resulting in poorer electrical isolation. Fluorine
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4isolation trench having sidewalls and a bottom surface; 5implanting
non-dopant ions into the trenches at an angle not normal to the bottom
6surface; the non-dopant ions forming a non-dopant distribution region
spatially symmetric 7around the isolation trenches; 8filing the trench with a

is oncdigdeBiieaEo irgbelubralatian: 1A mMelRAIPINNAIR AFRGIS a8 rystalline
10doping to structure the active region disposed in the semiconductor body,
regiot¥NBBEk g layer 29 minimizes the dose of the non-dopant atoms 202 in crystalline

regions, by creating amorphous pockets 204 around corners of the isolation trenches 28.

[0058] Referring now to Figure Sc, the remaining portion of the isolation trenches 28 are filled
with a dielectric material such as oxide or some other electrically isolating material forming STI
36. In one example, the HDP oxide deposition process may be re-initiated to fill the rest of the
isolation trenches 28. Alternatively, other dielectric deposition processes may be employed and
are contemplated by the present invention. In a different embodiment of this process, the
blocking layer 29 may be removed to open the isolation trenches 28 again. The isolation
trenches 28 are now filled with a new fill material. This process may be used if the blocking
layer used earlier had a different property than the STI 36 fill material. Hence, it is removed

before further processing.

[0059] The semiconductor body 10 is then polished and planarized using, for example a CMP
process. The hard mask layer 16 and then the pad oxide layer 15 are etched to expose the active
area 11 as illustrated in Figure Sc. Further processing continues as described earlier starting

from Figures 3a-3c.

[0060] In another embodiment of the current invention, the amount of non-dopant atoms
202 entering the n-channel device relative to the p-channel device may be independently
controlled. For instance, it may be possible that the non-dopant atoms 202, while improving the
n-channel halo profile, degrade the p-channel halo profile. In such circumstances, an additional
patterning can result in different implant blocking layers covering the n-channel region relative
to the p-channel region. For STIs 36 built with narrow aspect ratios, such a structure can
modulate the dose of non-dopant atoms 202 entering the n-channel regions relative to the p-
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11location of a peak concentration of the non-dopant atoms match the
location of a peak 1 2concentration of halo atoms. 1 312.The method of claim
11, wherein the non-dopant distribution region decays with the 1 4distance
from the trench. 1513.The method of claim 11, wherein the non-dopant ions

chann@l eyyHante R Aydaaua RILPIALLARAMAIRIDYNSP Badreas B oudml diagram of

direction normal to the semiconductor surface.
Figure 7 and the flow diagram of Figure 8.

[0061] Isolation trenches 28 are formed in the semiconductor body 10 as described previously.
A second implant blocking layer 19 such as a nitride hard mask layer is deposited on the
semiconductor body. A etch stop layer 17 such an oxide may be deposited before the second
implant blocking layer 19. Using conventional lithography techniques, the second implant
blocking layer 19 and the etch stop layer 17 are patterned. The first hard mask 16 and isolation
trench 28 are now exposed in the unmasked regions as illustrated in Figure 7. Tilted non-dopant
atoms 202 are then implanted into the semiconductor body 10. The second implant blocking
layer 19 blocks most of the non-dopant atoms 202 from entering the p-channel region 12
whereas the non-dopant atoms 202 entering the n-channel region 13 form the non-dopant region
203. In some embodiments, region 12 is an n-channel device and region 13 is a p-channel
device, thus blocking the implant 202 from the n-channel device. The isolation is then filled
with the dielectric material to form STI, and all other layers (all the hard masks, etch stop layers,
oxide layers) are etched and polished to expose the active areas (not shown). Further processing

continues as described earlier starting from Figures 3a-3c.

[0062] It will also be readily understood by those skilled in the art that materials and methods
may be varied while remaining within the scope of the present invention. It is also appreciated
that the present invention provides many applicable inventive concepts other than the specific
contexts used to illustrate preferred embodiments. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture, compositions of

matter, means, methods, or steps.
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1714.The method of claim 11, wherein non-dopant atoms comprise nitrogen,
carbon, fluorine, 18silicon, or germanium. 1915.The method of claim 11,
wherein the angle not normal to the semiconductor surface 20 comprises an
angle from about 10 degrees to about 45 degrees from a direction normal to
the 21semiconductor surface. 2216.The method of claimll, wherein a majority

WHAGf i € hanMBpeals: atoms is placed away from 23a periphery of trench
corners.

1. A method of fabricating a semiconductor structure, the method comprising:

etching a trench with sidewalls and a bottom surface in a semiconductor body;

implanting carbon and/or nitrogen ions into the trench; wherein the carbon and/or nitrogen
ions are implanted in four equal parts separated by 90 degrees around a direction normal to the
semiconductor body;

filling the trench with a dielectric to form a trench isolation region; and

doping to form an active region disposed in the semiconductor body, wherein the trench

isolation region is formed around the active region.

2. The method of claim 1, wherein the semiconductor body comprises a semiconductor
substrate.
3. The method of claim 1, wherein the carbon and/or nitrogen ions are implanted at an angle

not normal to the bottom surface of the trench.

4. The method of claim 3, wherein the angle is greater than 10 degrees.

5. The method of claim 1, wherein a change in dopant profile is localized around the edges
of the trench.

6. The method of claim 1, wherein addition of the angled carbon and/or nitrogen implant

results in a matching of device electrostatics between a narrow width transistor to that of a

transistor with a larger width.
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METHOD OF IMPLANTING A NON-DOPANT ATOM INTO A
SEMICONDUCTOR DEVICE ABSTRACT A method of forming an
isolation trench structure is disclosed, the method includes forming an
isolation trench in a semiconductor body associated with an isolation region,

7. angdmpRimeing alaasOooRaRiAIREhiRietRe iralatier denehsiteiahy A MiRst@ing of

region to modify the halo profile in the semiconductor body. Subsequently,
threshi$l@ {&tasion trench is filled with a dielectric material. FIG 5B

8. The method of claim6, wherein the narrow width transistor has an active width less than
300nm.
9. The method of claim 1, wherein a trench liner is deposited over the sidewalls and the

bottom surface of the trench prior to the carbon and/or nitrogen implant.

10. The method of claim 1, wherein the active region comprises part of a MOS transistor.

11. A method of fabricating a semiconductor structure, the method comprising:

providing an active region by etching isolation trenches in a semiconductor body,each

isolation trench having sidewalls and a bottom surface;

implanting non-dopant ions into the trenches at an angle not normal to the bottom
surface; the non-dopant ions forming a non-dopant distribution region spatially symmetric

around the isolation trenches;

filing the trench with a dielectric to form a trench isolation region;

implanting halo atoms; and

doping to structure the active region disposed in the semiconductor body, wherein a
location of a peak concentration of the non-dopant atoms match the location of a peak

concentration of halo atoms.

12. The method of claim 11, wherein the non-dopant distribution region decays with the

distance from the trench.
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13. The method of claim 11, wherein the non-dopant ions are implanted in four equal parts

separated by 90 degrees around a direction normal to the semiconductor surface.

14. The method of claim 11, wherein non-dopant atoms comprise nitrogen, carbon, fluorine,

silicon, or germanium.

15. The method of claim 11, wherein the angle not normal to the semiconductor surface
comprises an angle from about 10 degrees to about 45 degrees from a direction normal to the

semiconductor surface.

16. The method of claim11, wherein a majority of the non-dopant atoms is placed away from

a periphery of trench corners.
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METHOD OF IMPLANTING A NON-DOPANT ATOM INTO A SEMICONDUCTOR

DEVICE

ABSTRACT

A method of forming an isolation trench structure is disclosed, the method includes
forming an isolation trench in a semiconductor body associated with an isolation region, and
implanting a non-dopant atom into the isolation trench, thereby forming a region to modify the
halo profile in the semiconductor body. Subsequently, the isolation trench is filled with a

dielectric material.

FIG 5B
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