Structure and Met hod of Producing Isolation with

Non- Dopant | nplantation TECHN CAL FI ELD 100011 The

invention is related to a sem conductor structure and

a met hod of producing the sem conductor structure.

More particularly, the invention is directed to the

formation of a transistor device structure with

i mproved perfornmance and a nethod for fabricating the
Structyre an rdiodil nosbocing dsakationewithviSens Popang Implantation

requires geonetrical scaling of device dinmensions with

every technol ogy generation. This primarily includes
TecHSEa pgithe device width and I ength as well as other

features of the technology. At short device w dths,

the formation and behavior of the active regions are
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in device electrostatics (for exanple, thresho

vol tage of the device). Consequently, devices
BACKERHNRAt ed at  various device widths are electrically

different. This creates huge technol ogi cal problens,
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near the isolation regions. These differences, for instance, manifest as a change in device
clectrostatics (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.

[6003] In various aspects, the present invention addresses the problem of creating devices

with a uniform narrow width effect.




[ 0004] According to one aspect of the present
invention, a trench with sidewalls is etched in a
sem conduct or body. Non-dopant ions are then inplanted
into the sidewalls of the trench. The trench is
subsequently filled to forma trench isolation region.
The active regions of the device are forned in the
' Lons abutting the trench. [0005] The
SLmAN?@$%@%ﬁﬂg§h§gEg§%b§ned rat her broadly features of the
present invention. Additional features of the
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section of the device along its length; Figure I b
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STlI, in accordance with an enbodi nent of the
i nvention;




100091 Figures 3a-3c illustrate a cross section al ong
the length after the formation of the STI for the
enbodi ment process illustrated in Figure 2, in
accordance wi th an enbodi nent of the invention;
[0010] Figure 4 illustrates a flow di agram of one

i npl enmentati on of the enbodi nent process illustrated
in Figure 3; [0011] Figures 5a-5c illustrates a cross

' e W an enbodi ment process
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illustrates a flow di agram of one inpl enentation of
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Correspondi ng nuneral s and synbols in different
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[0008] Figures 2a-2d illustrate a cross section along the width during the formation of the

STI, in accordance with an embodiment of the invention;

[G009] Figures 3a-3c tllustrate a cross section along the length after the formation of the STI
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

llustrated in Figure 5;

{0013} Figure 7 illustrates a cross section along the width of an embodiment process during

the formation of the STI; and




100161 The maki ng and using of the presently preferred
enbodi nents are discussed in detail below It should
be appreci ated, however, that the present invention
provi des many applicable inventive concepts that can
be enbodied in a wide variety of specific contexts.
The specific enbodi nents discussed are nerely
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of a transistor. In various exanples provided, the

invention is used to control this phenonenon to enabl e

the formati on of devices across a range of w dths

wi th equival ent electrical performance. 100191 The

nmet hod according to the present invention uses a

non-dopant atomto locally tailor active regions

around an isolation trench; thereby preserving device

el ectrostatics. The non-dopant atomis inplanted

after the formation of the isolation trench, but

before the isolation trench is filled. This inplant

decorates the edges or sidewalls of the isolation

trench with the non-dopant inpurity. -5 [0020) A

transi stor device in accordance with an enbodi nent of

the current invention is




illustrated in Figure I and various nmethods for the
formation of transistor devices using these concepts
will then be described with respect to the
cross-sectional views of Figures 2a-2d, Figures 3a-3c,
Fi gures 5a-5c, and Figure 7 and the flow charts of
Figures 4, 6 and 8. 100211 Figure 1 illustrates an
enbodi nent of the invention, wherein a transistor 14

peralsip PESPATERChLoPEETR T RAT e AP T srer the sm

36 edge along the device length L. Referring to Figure
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_ 100221 Flgure | b |IIustrates a cross section al ong
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covered by the gate dielectric 24 and the gate
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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 present invention uses a non-dopant atom to [ocally
tailor active regions around an isolation trench; thereby preserving device clectrostatics. 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.




Wand length L of the device. The cut is at the top
surface of the sem conductor wafer. The silicide
regions 55 and 57 as well as the source/drain
extensi on regions 34/35 are highlighted. The

non- dopant |ayer 203 is located at the edge of the
transistor 14 along the STI 36. [00241 Halo profiles
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constrain the diffusion of dopant atons into the STI
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diffusion arising fromincreased stress in the STi
this patially uniform hal g
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disposeip@emiepRIeioB ety Ki diiier Fizues s & desicp s seetion near the
variation in device el ectrical behavior between narrow
STI 36 getas aleiregbe divdecHently Lo Esferrimpio Bgaaph.ghe dansisted hindllnies an
w dths smaller than 300nmtend to be increasingly
active agkoni Indispededdyetvtea STHBD, @6l ashdnodregien Badikpededianhomtive area 11,
wi dt h devi ces. Consequently, devices processed with
A gate tiRieStrici2a\veallicOthe RBMRcBrepidh f18aA @ atk leRbtro@ TOWM d kit gate
effect. In other words, devices of different w dths

dielectitB¥e 8 kdlirtAext@kRE ELST @i h&ﬁa &Iﬁrng:xtcngleﬁ SRR 5 HOL{FAEY in the
[00251 A speC|f|c exanpl e of the halo dopant 1s boron,
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al so such as in
is a

s e S P AR a@%@ﬂweﬁéﬁpgm f%@d”naégg%%?ﬁ- A
n ent can als I ed to her evi ces such as

non- dm%ﬁ{%éstq@’:ﬁ’éﬂ%@%wcc? e RECEOEHBOaP BN Hortaye g on dopat
dopant is typically arsenic, although in some cases

region FRGeEHEY didanedeuBedT | POoISIaNNE e HercamsEteRDSI! be

ot her sem conductor devices and el enents can be
presentfimiheinddledf thedpasistveth. by siwot miioorf4taneé ndivesregtn Fvarre disposed
exanple, if the doped regions 54 and 56 are forned
in the sgwhichnductor body 10 and are connected to the extension regions 34 and 35, respectively.
Low resistivity silicide regions 55 and 57 enable contact formation to the source and drain

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 [8 is covered by the gate dielectric 24 and the gate electrode 26. The halo profile is

shown by region 44/45 in Figure 1b,
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-7 opposite polarities, the transistor 14 can be
operated as a diode or as part of a bipolar
transistor. In another exanple, the source/drain
regi ons 54/ 56 can be used as contacts to one plate of
a capacitor while the gate electrode 26 is used as
anot her gate of a capacitor. This capacitor could be

[0023] usegigyrq ¢ ] g&%&@es gfl top? %}8% %ﬁcou 6‘3%%5\&%%% tc%rly Hﬁlts‘n\,\lz?tcs the width
0 or. C (0027] Figures 2a-2d and Figures
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with respect to the cross- sectional views of Figure 5
and te ow di a ure 6 ile
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among ﬁ‘&l S} gitieahpypEges St OYRN GeRbTorgieiogttioshd he presence of the non-
enbodi nents. 10028] Referring first to Figure 2a, a
dopant %‘é?ﬁ U8 rauerasrs thokpjo depapbatpme wiaddlef: iselpticnHeenphasf28r Fedexample,
enbodi nent, the sem conductor body 10 is a silicon
the presgpdeart .th@mﬁed(mﬂair’rpyee@@bfnay kensrem tbodidfusibn of dapdyt ABGmaireo the
a bul k nmono-crystalline silicon substrate (or a | ayer
STI linay (dosn ldshipsraninigate strak bettavt sediffosioratidikiel @h Morealed @¥EE in the
of { 110} silicon on a { 100} silicon wafer, a layer
STI regioh. @lesitd, GOPreld@AshABUl AL D6l BED bm\{‘ﬁ’é @long e \@idltlﬁM'ﬁ fheQhannel
a gernanlun}on insulator (Ged) wafer. F

region IBNBPEIABNRieh QLNLS Sﬁmtﬁﬁﬁﬁ%i @ﬁéﬁgﬁhnﬁ%hcst d;!ncﬁ Qewalls

gernanlun1 gernanlun1 ga um ar seni

transl| atc%rtg ?&% gﬁﬂahoﬁ% {f)@t&%i%ltay%% S]%%i n&%xxﬁ nl?m t%g}t g :Ji'%rgg Wﬁgﬁtdewces

ers can

t|on L e rmed jn the sem copductor
Fot exa%l%a%y BIGR s RERS Sl 55 Tond i o drer g e by he
represents the cross section along the width Wof the
STI 36 yg\pple © iF@ria%Wé‘flf@‘rf‘et”rCé%c%@@e%@n@ﬁéﬁc‘ﬁéesf%?%wd%ih*ﬁ@w

convent i gnal t echni ques. For
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.

[6026] 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

-7-




exanpl e, a pad oxide |ayer 15 foll owed by a hard nmask
| ayer 16 is deposited on the sem conductor body 10.
The hard mask | ayer 16 can be any suitable naterial
such as silicon -8 nitride that protects the active
area 1 | during an etch that forns the isolation
trench 28. The hard nmask layer 16 is patterned to

OppOSlt?i[SBl?iﬁﬁ Q}% t}aﬁggtg} 49 nlHe® g\q% a%g dxodg,é)%gsl p%—p S Cill tis}f))olat tl anSistor.

e pa ern or exa

at t erne k
tn anors e i R R T GO e T P RS cPEEF Do oty g7
.renmpved after the hard mask patterning).. The
capacitpropiile e gate eleplEqfie2s 1t usd g amqsi? teypd |aﬁ@P€1€ﬁ%‘vm§“‘t1“r @Regtor could
etching techniques such as reactive ion etching
be usedy [ Eyamiperas axlgppipdng eapsfipylbetveren mupply Lingsépg RVE» @nd pround) on a
process may be performed which renoves material in the
semicomRpusebipi sol ati on regions so as to etch through any
renaining nitride or oxide associated with the hard
a d etch,into
e heligulited r?é&&? oieBidy K oG SSer il Bopion sy o it
havi ng, sidewal ] s and a bottom The approprlate dept h
embodigient Rghod of ip t&fm@ﬂ alfaarieinee! the present yient ap ifitue a ustrates an
_about 200nm and about 400nm The isolation trenches
associateg flgefdipgrag of pyeinpleacmationjof thehiredrss. nd eepoad entbedimenf will then
conponents can be formed. The resist mask, if present
be desciibed enipvaspece scpibs Erogs-sdegotud v wems Kiguey®and abGssab@03flow diagram
After the formation of the isolation trenches 28, the
of Figute0| WhiletertairedadiBInRSeakplatich @dth radplebt ta ohfy@mne bf thicner
30. In the current enbodi nent, the exposed silicon
embodifildhis H€ RunabStobl Blallelddet £ icahh &l%j apfdy f&ftﬁ%r%n@%ﬁh@é{lg&hmcnts
Ilner | ayer. 100321 A non-dopant atom 202 is then
nplanted into isolation trenches 28 to create a non-
[0028] dopaﬁﬁeﬂmyféﬁt to Gxzuss2a heomicPrriuciaybeey PEis prdtédadon thepapfierred
atominplant is tilted or angled to inprove coverage
embodigfent; He semenoticsirdedpl § 5.a sllentvidi¢r. Gomanrghepleedthe ed i n
di scussions here is
semiconductor body 10 are a bulk mono-crystalline silicon substrate (or a layer grown thereon or

otherwise formed therein), a layer of {110} silicon on a {100} silicon wafer, a layer of a silicon-
on-insulator (SOI) 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 5 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
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relative to the wafer normal. Most of the non-dopant

atons 202 striking the hard nask |ayer 16 are

absor bed, whereas the non-dopant atons 202 that strike

the isolation trenches 28 enter the sem conductor

body 10. For clarity, the non-dopant atons 202

inplanted into the pad oxide -9 layer 15 or the hard
nitride gﬁg%rgte%glies%ﬁltv% rgreeﬁ g gfdu@%g%?th?wgﬁ ﬁ{lse Wégs'oﬁf'léi%f‘ ﬁ[%{@%é%e dThe hard

vertjcall ith O degree.tilt) 100331 The inpl ant
mask 15t b EPidnddl o b ggion FrthesaRa munbor of

rotations of the non- dopant atom 202 inplant are
[0030] CNOI8BishRIFRUEATNZR dahBe GARGERU FRLLAR le,fbgﬁdw oAz deRaAt

atom 202 around the isolation trenc% 2 S|demaFIs.
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concentration 'of the non-dopant atons to nat
Location of .t eak conc ration of .the  halo .
e hard AP Bi. (B BEPHR BT RRh beRuBisabnfe pPBldomepgroning
. I n some enbodi.nent s, i ppl ant  paraneters of t
et g e N e i BB BB papiebh S parR e fesen RIE cich

non- dopant |ayer 203 within about 100nm fromthe top
processgifpy Biceriormedwhish peraeyed inaigsial 1@65@, ew_sed[ ig@jgzqn IFEans so as to etch
presence of non-dopant atons 202 around semn conduct or
througly @i romsiningdetrigo bnoxidosdsdattcdwith dre lsohmasineydrd¢and pad oxide
del eteri ous consequences. For exanple, the presence of
layer 1 S o ctchtoothesumivoagudidribordiy né sb actodahe s troxdhdavingRidewalls and a
whereas the presence of sone other atons such as

bottomNThE QELEHrIe ERIDONHLEBEI0aS 8EncBXd Tk it@fical|@beSveen about 200nm and
Simlarly, the inclusion of these non-dopants into

about 4008 9h&isHiaBbeeEddnEs 2GRN aSAEBELIES i\GEiRt InY&hded H%‘gtt

gate dielectric reliability. In such cases, 7t may be
compof R A0tk 80 BIPHER! ol RO PLETRGEOR gk e

that forns the gate dielectric 24. To avoid such
negative inpact, suitable inplant conditions may be

sel ected. For exanple, inplant tilt can be targeted

[0031] f r omfi@bOY forkitiofl 60Mhe &Sl didn AaiHes 28, tHeEh8esH tréplcRas| 28I dry lined
suitabl e i nplant energy can be selected to place peak

with a trench liner 30. In the current embodiment, the exposed silicon surfaces are thermally

16.

oxidized to form a thin oxide liner layer.

[6032] 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
unprove 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
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concentration of the non-dopant atons beyond about
200A fromthe oxidizing surface. In sone cases, if it
is desired to co-optimze the doping of both the
isolation and halo profiles, a lower tilt such as

| ess than 10 degrees may al so be used. [0035] The
preferred tilted non-dopant inplant is a four rotation

ver BRS8N SRR S e e on
domﬂfi%ﬂ"énaﬁ%f & e iy G Th 01 RS Bt od 90 degr ces

after each inplant. This four rotation inplant creates

[0033]@ SIRLEAplht PRYANERIE 6 lR0Gwe ﬁl’t‘tanq'n%h‘bbrbéftrbﬁﬂox%rd?mon-
the isolation trenches 28. a four rotation

dopant L a6t in{Piaht El% MEEHIS ﬂﬁﬁ(hﬁl;? fﬁ@ E@r?c%ﬁit'rﬁwn%rf t %%'(ﬁlciﬁ)%antadfcﬁn 202

present I'n the given tec ogy I'n sone e

arounda ht{lgnet%eélﬁggigﬁﬁ\gglﬁ]sowl f? S tror?%tﬁq g‘?ﬁ IOfahivc\)I{qt?ré teapteéiif{on
f%gr odinent is a %r P ther I ons
CO“““E’E%‘W 4ng ‘F‘ﬁ’o ‘?pﬁ’ét alfPs PoRun: e CdPﬁ"h%f the P4 &Smemm of the
r mani um and conbi nati ons thereof can also be
halo urﬁpgvé:a(m@p?ﬁe{i gislpy} froResuhesALES péﬁ@qgmgpﬂ@mm%gﬁbqy@ngzﬁs the implant
atomc, nolecular or a cluster ion inplant. As an
pai'am@é@(aﬁbth@ noif-depaphimtydant argrihasen, to téretraimphanin-dtesat leyan 203 mythin
fromabout 1 x 10'3/cnz to about 2x 1015/ cnz at an
about 1@Amndyonf thonopadmefiate Akbd/sdnocatlactbr Wilgeld. | n t he
preferred enbodi nent, a 15keV carbon inplant at a
dose,of 2x 1014/ cne is i ted at a tilt of about, 30
10034 degfféagle'*%ag S PR o Bl Ll oL BB, 30,
npl ant consists only of a single elenment, nultiple
OdeaUPwnaﬁth@uwﬁﬁa‘aq dedeterioug sprpeqysic@oher exswde. the prageycased some
advant ageous to use a nmultiple inplant. For exanple,
atoms syph agldiaring fdr easmﬂxaciqt:on;athn@s pheyressnesatfisngeatiepatains such as
anor phous regi on around the isolation trenches 28.
nitrogeSomearpendalopsmosidaguciatas Strhilmlyi the imdysi@hdwh&e non-dopants into
beneficial behavior only if the inplanted region is
the gat@dielepthic 26 dan SR @cgdtivelyTPbanzed didlechidreBMMIIRN A Such cases,
regions can result in enhanced halo diffusion and

it may b€ ottahio Boi@GmANCALINA ANPEARE ® awlytdiREdoYons such as trench
anor phi zat i on

corners or a top surface that forms the gate dielectric 24. To avoid such negative impact, suitable

implant conditions may be selected. For example, implant tilt can be targeted from about 10

degrees to about 45 degrees. Similarly, suitable implant energy can be selected to place peak

concentration of the non-dopant atoms beyond about 200A from the oxidizing surface. In some

cases, if'it is desired to co-optimize the doping of both the isolation and halo profiles, a lower tilt

such as less than 10 degrees may also be used.

[0035] 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
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of the inplanted region can inprove the effectiveness
of carbon inplants due to increase in substitutiona
carbon. An additional inplant may al so help tailor the
non-dopant inplant profile, for exanple, by renoving
the channeling tail of the inplant. Hence, in sone
cases, nmultiple inplants or co-inplants may be needed

full tit t this i tion.
perfor “§% i S%é?agﬁ%‘fygge i St bt bl Her 2B sy cach
impleny OGO D GG #%nert?sg%vg% iﬂusrgfna{l%llﬁg ti7 APl Flstion around

followed by silicon, carbon followed by -11 germani um

the isolghon b XolSushe dPusyotaiion eyrant T bs aefserieri fopendegdar devices
multiple inplants can also be varied in sone

are prembmdﬁmimtnst.ec}sm&ngyaﬂm yome trebéduplantthpaltaimenealopanayplhat may be
chosen differently for the nmultiple inplants. As an

a two retx@erpingplarthe first inplant could be a four rotation
tilted gernaniun1 I mpl ant, whereas the second I mpl ant
cou two, r tatl ntilted carbon inpl [ 00381

0031 %“iﬂ dorapiF i b e wisiered %Oﬂaﬁeﬂaeﬁaﬁ iighgiags: ons
were inplanted after the formation of a trench |iner

such asgfyorige,indiregss, dlE@et Bligio SqMeBigE!, @d,wﬁpg@b@ﬁ{mrgtﬂ@e@f can also
202 during the trench liner 30 formation process.

be usedHdwailenty, thenca-diphitemplant ewodinmbmic, ridleculom: depatet ion implant.
atons 202 are inplanted before the formation of the

As an exp@apehof hicadon 3plaftO03 dhplent ®emreancasefomabbitdxn®l/cm? to about
anneal may be perforned to partially or conpletely

2x10"/e@Pal dn ently® FRANBAPARY loMpbantokeRMBORe BFPHRA dtRdiment, a
i solation trenches 28. In such cases, this anneal nay

I 5keV @ﬁbblﬂfiﬁﬂ&iﬁ di £4dsBBF 2k W%ih% Shyiahil hloé"ﬁlf‘ Sf :Hﬁﬁt 3(1@5?&%
or at a later stage in the processing. [0
Referring now to Figure 2d, the isolation trenches 28

[0037] ar e Adthewghithe iyettalwanhdapant isphaat tangistsreatyeofi adindloelmiag, multiple
STI 36, while the hard mask |ayer 16 and pad oxi de

implants ayxenlsd.ﬁe aed. Bt whvedbasgsdit magrvevéchntafheusits abead moliple implant. For
material can be a single material or multiple

examploBineiiadosal Lzﬁﬁaﬁﬂhﬁﬁheﬂfr by cfe@li@t 4 almmaictfioal fegidhCr ol the
oxi des such as thermal oxide, Hi gh Density Plasm

isolatioh I#efdhe9%8 dSome non-dopants, such as fluorine may show a beneficial behavior only
if the implanted region is amorphized. Fluorine, if implanted in sub-amorphous regions can
result in enhanced halo diffusion and result in a degraded halo profile. Similarly, amorphization
of the implanted regton can improve the effectiveness of carbon implants due to increase in
substitutional carbon. 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, flucrine followed by germanium, fluorine followed by silicon, carbon followed by

-11-




HARP oxi de, TEGCS oxi des, and various nitrides. The
isolation trenches 28 may also contain nultiple
liners on the bottom and sidewal | s. Exanples of liners
i ncl ude oxides, nitrides, and conbinations thereof.
The isolation trenches 28 are then filled with an

oxi de, such as a HDP oxide. The HDP oxide is filled

gennanlur“ %I‘E%]SOIII R oafteﬁ ﬁ? Sltljlr enchysﬁﬁ%‘gegg(l)p tﬁ’ﬁif}gli?ll,‘tgh) (g inr']lp gr?t% can also be
er.trench filling processes can he
varied | ‘ﬁé%‘B" elgg?élmﬁpgamlm fhe dmplat naganeers 819y be ehessa diffigently for
re.typically lined, this step can be avoided with
the mulj iRl pPRNE; As FREEHTRIFShY fitst ineanebeld HARBRI)otatieRti @0 bR anium
The top surface of the sem conductor body 10 is
implantgybeyeasibntdcyndiinlastedildd a twb anatidnaied cGhemimslhnt,
nmechani cal polishing (CMP) is a specific exanple of
16

100381 ¢ o ooB8 b8 B oD whRrbbitaten 235 ot ater e

. I f I

fomaﬂ%%ﬂ% ﬁlger ﬁwasg% B e 6 o eormsp during the

‘ hE a¥%¥e renoval of hard nmask | ayer 16. The

renc WFF OSH @#Oﬂlm(’%ﬁ% dioweics ia a dftarent smbodimient, tHeguwnelopeht atoms
cross section of the sane device along the

202 are B’éﬁlﬂléﬁ@b%fmeéhe Wirmatiqn ofithd gershdiwer 100 Figure 3a. As this
Cross section is fron1about the edge of the isolation

[0039] ;Bgﬂ%&?@ 28y ﬁil%wg Qr{ng]al tfee;i,co é)Pn%]ﬂe Gy R@gg ng(tgnplg%gfr:epau

be absent noving
the non- H%“?Wp&?ﬂqtdﬂ‘é‘a%ef tg% &glahf)reggfrﬁlcq:%g Jpéucgbc%%ggq grpeal may
b 1? i.ce aft%{ qate stack and source drain extension
e inclu § igpnediately Sollovgng fhedinplaat @4t p ltetsisgs in d poeessing.
exposed portions of the sem conductor body 10. In one

[0040] e"ﬁ&@‘érﬁﬁ@h@wtﬂ"ﬁgg@ﬁ{ me%o%ﬂoﬁ'h%gaéﬁzg g}%rthg'net%liead Wit bl 1soiatmg,

(e.qg., S ), antrid

nltrlde
matenai‘f&fﬂgg@w s R A 08 e oo
gﬁlse%so,a%mgfmm@érgbegaa%%:va%@gs@wgmaa@'@%m:zaz{ et
eleqtrlc 24. Suitable high-k materials include Hf 02,
1soIatmgl_Pa§f:r S mﬁ\lj:lé@md%sggh as thermal oxide, High Density Plasma (HDP) ox1de

HARP oxide, TEOS oxides, and various nitrides. The isolation trenches 28 may also contain
multiple liners on the bottom and sidewalls, Examples of liners include oxides, nitrides, and
combinations thereof. The isolation trenches 28 are then filled with an oxide, such as a HDP
oxide. The HDP oxide is filled into the isolation trenches 28 using, as the name indicates, a high
density plasma. In other embodiments, other trench tilling processes can be used. For example,
while the isolation trenches 28 are typically lined, this step can be avoided with newer fill

materials (for example HARP™),
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ZrSi O ,, Ta205, La203, nitrides thereof, H AIQ,

Hf ALO, NL_x_Y, ZrAIQ,, ZrAIO NY, SIAIOX, SiAIO NL_x_Y,
Hf Si Al O, HF Si AlOQ NY, ZrSi AlO" ZrSi Al O NY,

combi nations thereof, or combinations thereof with
Si 2, as exanples. Alternatively, the gate dielectric
24 can conprise other high k insulating materials or

oth mat er i d ab te
looa1 G 0P b SLRGH o B REpRiCTsr 08y Rt BitgBi® leffpoiiaiieg fa)
.0 ternati dielectric 24 may rise
Pla“a*’lﬁ%iioéi}?mﬁeilae‘i ﬁ%op%%ﬂﬁm’rh@ d@é?céﬁfd‘i?‘éi'ﬂé’& Htee @Qilsim
be deposited by cheni cal vapor deposition (CVD),
process o { Befigriqeiped mé%‘p‘éé‘?rtliﬁéﬁef@m@plio by eteliingtic $ Te Aeniidato
vapor deposition (MOCVD), physical -13 vapor
planarizg efpwigh thie dap ivwD)surfage. JI&SOIVfaprOCUmpnIS,Ithfb STl {0 is@thed after
exanpl es. In other enbodinents, the gate dielectric
CMP foﬂdwn(hby enadepddiatdadaskdiyeg |61 Y traist@bbefidepastdpl i9Bhown in
techni ques. The gate dielectric 24 preferably _
Figure 20 NMMkicERS s@tibNb Lk €S te A&fvicitg the FPERIARL W &RA it Shown in
one enbodi ment, al though alterna ver, the gate

Figure 3‘3' ek bhdgs Q&tﬁﬂé fﬁﬂmi’c;du% e%ﬁ 85 b g@{&ﬁbr‘?ﬂéﬂc Fs‘bg D &niform

| lustrated enbodi ment, ame dielectric

h Lelectric .24 for
fayer Of%&_&?ﬁ %%i 2% %% 'ﬁiaﬁﬁg 1 ra'ngli%ef oréstﬁdﬁi’ﬁf‘? i‘hggf]ﬁ?r@q non-
i R84 . %_ l ] enbodi nment s,
copant 285 pRENS R ep SHEDE Eg it R Bmmne
transistors could each have different gate
[0042] di d—hgﬁ%Bb@ﬁowﬂiﬁ@ééﬂc&ﬁif@agﬁe@ﬂa@l@ﬁr{cpﬁa@mg@hdugée{t@r[smoﬂﬁﬁfon A
the gate dielectric 24. The gate el ectrode 2

gate dleléE’@fEQﬁ@@&éﬁoﬁ%bﬁ&%oﬁd%fﬂ&@ BERE LG u%fo' @l)dy BHCH 38
al't hough

pol ysilicon or anorphous silicon,

oL SHPBLL MG SR SRS sf@iﬁ;i&hﬁiaai W
o 8BRS TSR Bl o

Pd, Rh, bori des, phosphides, or
embomeénts, a hlg-[l—k die ectric matéria avmg_, a dielectric constz?nt of eri)bout 5.0%r greater is

used as the gate dielectric 24. Suitable high-k materials include HfO,, HfS10y, ALOs, ZrO,,
ZrSi0y, TayOs, Lay0;, nitrides thereof, HfAIO,, HIAIOWN .y, ZrAlOy, ZrAION,, SiAlO;,
SIAIOWN| x.y, HESIAIO,, HESIAION,, ZrSiAlOy, ZrSiAlO,N,, combinations thercof, or
combinations thereof with Si(0,, 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 diclectric 24 may

comprise two or more layers.

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

atomic layer deposition (ALD), metal organic chemical vapor deposition (MOCVD), physical

.13




antinonides of Ti, H Zr, TiAIN, Mo, MN, ZrSi N, ZrN,

HN HSIN W, N, Pr, VNN TIiW a partially

silicided gate material, a fully silicided gate

material (FUSI), other netals, and/or conbinations

thereof, as exanples. In one enbodi nent, the gate

el ectrode 26 conprises a doped polysilicon |ayer
licid ﬁlSI

vapor QR ER) Syl VaphrFar B r@‘/?’)%sgéam@%‘%: Py . e
| 100451 26
gt difligyie, Sy Bt Seposiist e P rod L srege o @@g@gg  Ihégate

such as a netal under layer with a polysi]icon cap
dielectidfepretirabbosenprsoed tftl%écsmf abouygid to alayléﬁo R ggreanbodiment,
el ectrode 26 having a thickness of between about 400A
althoughaltaimetine! 2 00O tadiplcbisic dd posi coegrissdthe diGUD]onBVD) thADystrated
or other deposition techniques. -14 [0046] P-channe
embodiatedt, thecharpigdlcdiii@ngerst@ildbpuel & fbhythe pued didiecigatre for both the
el ectrodes 26 formed fromthe same |layers. If the

p-chan@R bl @CRGIEOSESisRPs. | TIEY fedRirdis HBMEERREUC Afed. TNlternate
sem conductor can be doped differently for the

embodﬁaeﬁ@aﬁ@?lch LA R EhRE QS a%ﬁc%%a%e@ﬁ%ﬂs%xs%&ﬁl('i‘@écﬁth%(/édﬁfe; ent

I'n ot he enbodi nents, different types of transistors

. sd.nclude gates of different materials and/or

2ﬁk”h$%ﬂg§hesses. 33 [0047] The gate layer (and optionally
the gate dielectric layer) is patterned and etched

[0044] usi Agzaknawetradh @6 & fotthabsapthy phechdedriess. t Thearaeadlectiode 26
gate el ectrode 26 of the proper pattern. After

preferabl9cBRbH R aGbmiddgd @atren B 1010 &Spolwiliddh Br hiay®ho@fsilicon,
spacers 37 are formed. The spacers 37 are forned from

thougﬁ%ltbrﬂ%e@ oy E@ﬁi%dcﬁktoﬁ Hl%{?zl SGis) n‘ﬁﬂx b@ﬂs&?t‘oﬁﬂfy g‘afe eﬁ’ectrode 26. In

nitride, ‘and can be formed on thé sidewall
2
other 61996cﬁ1n§111t§QB{ i?ﬁjtg Fl%@t: &%%béﬁyecoq{p%sg?y Itﬁg ,niéfﬂ\% ]i'&ﬁ %Q@ h%l ,

RuTa, ’If]%)(ﬁ,elbl Efa g‘hgx, larnYan "FOHTO p[!'({: et 1%1 “hor [HGS rosp csfs, %Ia n
antimonides of Ti, Hf, Zr, TIAIN, Mo, MoN, ZrSiN, ZrN, HfN, HfSiN, WN, Ni, Pr, VN, TiW, a
partially silicided gate material, a fully silicided gate material (FUST), other metals, and/or
combinations thereof, as examples. In one embodiment, the gate electrode 26 comprises a doped
polysilicon layer underlying a silicide layer (e.g., titanium silicide, nickel silicide, tantalum
silicide, cobalt silicide, or platinum silicide).

[0045] The gate clectrode 26 may comprise a plurality of stacked gate materials, such as a
metal under layer with a polysilicon cap layer disposed over the metal under layer. A gate

electrode 26 having a thickness of between about 400A to about 2000A may be deposited using

CVD, PVD, ALD, or other deposition techniques.
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multiple |ayers, as desired. In sone cases, if the
gate electrode 26 is polysilicon, the thin spacers 37
may be formed by poly oxidation. [0048] The present
enbodi ment is a gate first process, i.e., the gate is
formed before the source/drain regions of the
transistor 14 are fabricated. Sone enbodinents may use

{0046 a ga}"t ceq In?esftatado QBR%]%?IC fansRRE 1'6:95%% ! ?l'f:%fugﬁﬁ‘]l gg ec déﬂg Pﬁ 6ormcd

pted To OVerc

from tkgi sang ?z{y‘ﬁ?snﬁﬁ‘g: g%lt? glegtr?cf? ?l eC %ggggiﬁ%oﬁéﬁcg%t e sgmwonductm can
el ectrode 26 (and sonetinmes the gate dielectric 242
be dopgeyiliffeigniy &y dhg rehpnseldianistersand thgehagrel tragsisterse He gthghd
renmoved. A new gate dielectric and gate el ectrode may
embodiseentso fifiseenatypas slliianaisioss g éprludsefatss of differdnd materinlsandpr
the ILD layer. [0049] The source/drai n extension
thicknaseggi ons (34 and 35) and hal o regions 44 can be
i mpl anted using this structure (the gate el ectrode 26

f .an n e transistor
(6047 } and 1% Igg 8?2? Eﬁrga op ?]n ﬁy?}?ﬁé’l&i cgﬁlle(ftﬁf) Fagﬁ‘{)tlg/ Eattﬁgzgg ain%etched using
rm.the source /draln extension regions 34/35. In
kHOW“PTS‘[OPWQUﬁP‘@f rhrigpes ﬁﬁ)@&@tﬁ@mgat%ﬂ%ﬁgfe 26 p&e grager pattern. After
i npl anted into the source/drain extension regions

formata o8 die gRtsrelesiadysl @ thimlagenifspicons’ Toun faseed. mphasraeas 7 g

a dose of about I x 10l14crn 2 to about 3x1015cm 2 and
formeddiom ap iranztienengyalretinveem abdund®r 5kéldandd aboht fobkeMon the

I n other enbodi nents, other materials, such as

sidewapfosfhib @ity Sleﬂlfﬁﬁeamtdnmglt}é decdttine2 4. m{eatﬁﬁ@ﬁs art typaly FMBRA by the
transistor is to be formed, a p-type ion inplant is

depositSest alc@nfoPh AN |§RY RSB WAL aR aﬁ?ﬁ&t@(ﬂﬁé &@h regd QB8css %@epeated for
For exanpl e, boron ions can be inplanted with a dose

mulhpl@ n‘a%%(n)h’st dee%lé %Hg 3/19 %g{ﬁg\g%stﬁ? >4 @IHQ#LES %X%Q%i g%lg’glfl tl\/ th:ln spacers

od| other material s, such as BF2,
37Hm§%q§%nﬁd%§Qﬁﬁ ?5%? cluster boron can be inplanted.

[0050] Atilted inplant is used to formthe halo
[0048] r egiTha predéht 8inbbdih®nsik @Rate F& phddets, 0f., thbgate)pioedbd 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
fimitations of the gate electrode material or gate dielectric material. In such cases, the gate
electrode 20 (and sometimes the gate dielectric 24) formed above is a sacrificial layer and is

ctched 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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hal o inplant relative to the wafer normal varies from
about O degrees to about 45 degrees. A p- type halo
inmplant is used to formthe hal o regions 44 and 45 for
an n-channel transistor. In the preferred enbodi nent,
the p-type halo inplant is boron with a dose of about
1 x 1013cnR to about 2x [0l4crn 2 at an inplant

the preﬁprg{i 91)[1?5)(%1 ec[ﬂ‘sé?}xk? H}tm a1l§ 1mp%§%dauﬂ,8 { s]ggch/deg? sﬂensb(}n regions

I'ndium
34/35. u%}ag{%ﬁg glrsgrgi: go%rrs] ﬁ%rlr g(ﬁltmg ant gal?g ggsezp)f gggﬁj%ﬁ(g?c%) 9tr(])tasbout
stransjstor. As a specific exanple, the pe hal o
3x10 ‘%”hpi‘réilﬁ“ lwwnb@e&k@ﬁwﬁmww %Skfys@d@boﬁéés& fixother13cm
2 to about 2x 1014cm 2 at an inplant energy between
embodigigaist otherQrai®rials sadhostphespborend kifirseyesae irb odpleeed.sif a p-type
the extension inplants can also contain additiona
transistpniptabd Hrihal, tatype iohhmplaunic uk@lto goaf sdues./d@B®&tension regions
exanpl es of such inplants include silicon, germani um
34/35. Fbrieminpe;, bo@h e cailbé RYeRed FNHADsCaBHRAkI RSN~ 1o about
thereof. [0051) Figure 3c shows the device after

3x10"dnot Atahii QPR enSRMIREA! &h AbBuDPAE TS aRBit 1RAE In other embodiments,
source/drain regions 54/56. Source/drain spacers 38

other mﬁf%ﬂal@esut:l?[xmﬁ Bl 08, ﬁb:%ﬁ ! kLﬁteﬂ)go}on%a §8<fz p[gm 9, ¢ hin

spacer's . The sequence o ron‘and éetch
used to forn1the source drain spacers 38 determ nes

[0050] t heAftilirrdlimlhaipe ugki tb iensthaban segdéhs 4Fhe thsouerc eTtdrtai of the typical
spacers 38 may be a -16 single layer or nmultiple

halo imbRyekcRtive@Wht eafee heti QarldisTERE FRMt Qe UGl ablif URdegrees. A p-
deposition of the spacers 38 to avoid del eterious

type haﬁ)l il Fplb%t Rius@f toJfb‘ﬂFﬂl‘e@:ﬁ% rApbh 5n|ael15rf01d$rprp§ﬁ§nh8rlran§%l ol;ﬂ the
ant step followed by a rapid thernmal anneal

prefeirtfd%ﬁx{%dﬁﬁb%t Stl% Bgl (fjlﬁll% 1[111p[a%9fts%@ﬁ)fn%ld§ d(%fe of F'{?otult1 éxlO”cm to about

transi st or to or na
14 ld 34/,35 [
210" R AE B koSEh EOR AR b4 RRE al wuab@%mﬁ%%@?sisach as
|on 4/ 56 for an n- channel transistor. In th

indium, 313 BORa g HeRtier BFSRRTAlIRNASH & I HF AHOaPYHY, oA -

t he source/drain regions 54/56. For _exanple, arsenic
type halogmglaphis uprdl forpPaheeg! Wittskiar degepeiifiapoupld, herotse halg
) to about 5x1015cm 2 and
implant can be arsenic with a dose of about 1x10"cm™ to about 2x10"em™ 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 3¢ 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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at an inplant energy between about SkeV and about
30keV. In other enbodi nents, other materials, such as
phosphorus and antinmony can be inplanted. If a p-type
transistor is to be forned, a p-type ion inplant is
used to formthe heavily doped source /drain regions
54/ 56. For exanple, boron ions can be inplanted with

single Eéyeggl_sﬁu fol AROUL Lo 1at15:rrcp occ se e Rring 500”3.l i Hie
an ant energy Betthesh % ﬁ?gvbé% 0B ek §W@W
e AT S T3 DTN e

nted n1|ar to the extension inplants, in sone
step “’1@%8 %V AerRid T GF ngignsad (REA} s theispyree/dam ksiziong 6#56 of the
mani um or combjnations of these materials are
tfﬂﬁSlsﬂao[ 4 mphaftie dhedPoriioniof heshercs duriedtemainnegiopd 3 S an n-type ion
. 100521 A source/drain anneal is used to activate the
implant dopse t6 amdhé beamily Heped sbiree/djaimetioans/s6 Thiaa namagall transistor.
may be a fast RTA anneal or any other suitable anneal.

[n the piBifitrssdambedimest, eysehis iofpred enpdlvd Rey tfl@ﬁd@&/&ﬁmqregons 54/56. For
tenperature between about 900C and about 1200C, ~for a

exampld, ainic hts\wer Be abateDwith AR QN 2BRQUY 1 d!Scm F ab?%?%%b%m and

an RTA can be perforned at a tenperature o

at an 1m?1dillt SrergdybBRLR aﬁ?@t%%e\/ %mlinall)(iult 3@1930@ rlﬁ ofif? eml)ocﬁ%%g Cﬁ%‘?

| ash I'anp or a l|aser annea e use
I an wi t.h .an RTA
materiaf§ POE ook oA LON Lt Blirea A P tu%aeigpl isgobe
oo 03|ted ove the ctrode 26 andt
formed, S5O3¢ I P isgroHE Tty s Feamib Cand Cuiuisethregion 4. For
d E t hen hea ed to about -17 500C to aboyt 700C. Tne
example, RIGE dYs5aR e BPlHe! wHla deventaboutriad o~ saatest ankd cm™ at an
gate electrode 26 react with the deposited silicide
implant greray betyegrogbenial keVmydabputypéeV ofn otbtraimbeiinmaitg etiBbmarndals,
57. Any un- reacted silicide netal may be renoved. In

such as Bhempleetiler bardn, emblosientortn canhgscstd iiplagesdmsiraliarits e k@bion
pl ati num but could al so be nickel, cobalt, copper,

implantsyrol splvebembudinkdntsa fustfe, tabém ntfged, léﬂﬁ@ﬁ ERr: marﬁﬁtﬁ' &Pﬂombmations
zi rconium platinum or conbinations thereof.

of these plagki@lsr@dc AMRMted SoRPRHE tRABGPHLain implants.

[6052] A source/drain anneal is used to activate the dopants and form the active Junctions.
This anneal may be a fast RTA anncal 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 Is. 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.

j0053] Referring to Figure 3¢, 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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any ot her 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
t hi ckness of about 50A to about 300A. In sone

enbodi nents, the gate el ectrode 26 may be bl ocked to
avoid any silicide or silicide netal formation. Such

oc Al | f | ectrode be. bepeficial , if
506°C tk3 ag&ﬁgpg (g | qél%:étq(ar 8%&%%21& of fiie sogr'pe)ga %{hltegplnégé‘f/g{) H’?—f? 244, Slﬁctmde 26
lico 054 ther ocessing continues as in
reaet W@ {f%&%%*ftcén P Rebfochins Sl 46 of ] pRBEESS and 7. Any un-
] ?d jtional layers such as stress liners |nter | evel
reacted giligidg gigtql anay lhﬁlﬁimP‘é&’y’ie i the preferied enbadimentahe piligide sretal is nickel
that interconnect the various conponents are also
platinum art geldd alsp be Riskdhégbaltgpper mobybtleniul, tisthivat, éghtalhier eihpsten,
~ for the purpose of sinplicity. For exanple, typically,
erbium,girs¢omewsplhiimen, or sord@ipatiink eitbraxeTht pefergdttngl Babo@IBO°C but
that also is a contact etch stop liner followed by

any othetepinstii¢ argialafan 88 usddP ThayRicidaliBof tHO WhE&Ydrfih @t Rons®A56 result in
gate el ectrodes contacts are fornmed through t%

formati&%ftsﬂfc‘ideq%gﬁnss(tﬁ Rnd 8yekit SERlidhess df 'aﬁfuit@ﬁg b E@oult KEDA. In some

| ayer. [0055[ A second enbodi nent now
f e 885 i an
hoERE D, Wbdﬁ?@‘%%%k*‘%e%tﬁEﬁ"%{‘%nefw iR o
i sol ati.on

oomai ] EF kD1 BTRE T B i ety Pl gmace

th ott.om o he trench. This blocking |ayer 29
OfammﬁV%éﬁgxfm%*@bﬁ@%a%ent non- dopant inplant from

penetrating the trench bottom surface. 18 100561
[0054] Ref@iithegobdstink cbRinkbaMrig a%mz@ :rﬁ%gétg@aq? Qb Q&lq}{% éx%cess.

is provided. Isolation trenches are orne

Addltioﬁ’ﬂ?m QRIYELAQYr e%%qg'%l ARG di (Qgc%up g?ﬁg?alf/gxls and mc f?lgdltg) layers

n aspect o resent |nve the

that 1ntct'croﬁﬂé"‘ck1 iR v%ﬁ PRI alf)%%gn?s s §lsg¥qc!% Cfl @8 ﬁ%ﬂpeﬁ%ﬁfn“?pqt qrqsﬁéted

QE solatlon renches 28. The blocklng | ayer 29 may
herein for the purpose of stmplicify. For example, typically, a stress linef 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 Sa-5¢ 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 penctrating the trench bottom

surface.
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be an oxi de |ayer. For exanple, a suitable oxide

deposition process such as the HDP oxi de deposition

process may be used. O her exanples include | ow

pressure chem cal vapor deposition (LPCVD) enpl oying

a tetraethylorthosilicate (TEOCS) gas, or plasm

enhanced chem cal vapor deposition (PECVD) of silicon
d ox

[0056] t Lgﬁcgbrllrg,t I? rgiltot TR E%él s5 en%@écﬁ‘%r e? %rs}pr%‘fig %S)Isoipﬂon trenches

substantially conpletely filled, an etch-back process
28 are ﬁo§n%‘ﬁlt%§/§6‘IWP@PhbW|aaéicﬁcé‘b?(bﬁ’fﬁ\’/léﬂﬂf r 6%05(11{1%@ an aspect of the
portion of the isolation trenches 28, while the oxide
presentjipventien, et selaigoences Z§fmashee nastisllatfilisd withendmelknpwasking
remain therein. 100571 The tilted non-dopant atom 202
material By sUbsrniiatipy @ntpdelely Millog theissktibe oobhet Y. Bedyockbgdsyer 29 may
shown in Figure 5b. Non-dopant atons 202 that strike a
be an okidp |k eMick appled iitallt okide dbmsltahipgitesst sueina@s HZP oxide
pass through and enter the sem conductor body 10,

depos&ﬁMﬁ' dr&c%ﬂaﬁ@@@d@ﬂ akiexAflded idlide B hrk@uicRBexhdepbn
bottom portion of the isolation trenches 28 are

depos:tEJ SEF@ng‘éBﬁ eré{eﬂfxﬁ& osBiLETT @@SL%\&S@%‘&%%QH&;@&

otton1an botto sid ortion

(,hennc%llrvg or GJGPHSEP ?g an\ﬁg)ln tsfhézﬂré :0x1(%gmm Eor %%O%P m1x ures

_ ntains the . a . This e

(PET E@@be@ﬁﬁ%ﬁwsee}g%% o RSO B AR B st droae T seghely fifed, an

npl e, the behavior of the non-dopant atons 202 can

etch- baalép@ic@ws’f FrRRIAY I iR @K WALS TeROAFOY RGP Parbig Brige isolation
relative to crystalline regions of the sem conductor

trenchep @8hywhi . theoxide wethp bettorphitien phidie ispindiop irousics dgicorsn rhgiein.
help to retard diffusion, the crystalline parts nmay

[0057] i ncrﬂegﬁﬁ ({jllhgnf & agtndtoz 2(8% ?{Hﬁ% ig@?%ged iagqﬁgge}ﬂﬁ%o%ldhétglebody 10 as

part m con
shown g4 E gho Hvaéfﬁp%l{t%%?s?%azwéwk&ai”ff i f“ra%?bq%i .@%"’glﬂﬂon

Fluorlne -19 is one specific exanp a non-dopa
trenchep 3§ pasgs diyayasang gnfe FWIWOPQU%WSM éQlasWIHdeérd;%t“éla qni*ﬁezo2 that

regions. Blocking layer 29 m nim zes the dose of the
strike theorkidropdlimt baitooneer2@rof the selpgomirpriches 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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regi ons, by creating anorphous pockets 204 around
corners of the isolation trenches 28. !''!l ] [0058]
Referring now to Figure 5c¢c, the remai ning portion of
the isolation trenches 28 are filled with a dielectric
material such as oxide or sone other electrically
isolating materi al forning STI 36. In one exanple

o B ER T PR PUEFIMAEH i i 8 e
Al ternatjvel ot her | ectric deposition pracesse
regionweﬂ%ngb Zéy*@&maﬁss F BT R thsrRmnHoBN P 2R evsiatline
invention. In a different enbodlnent of this process,
regions; g cispiRimRPhap@eciats Zdargmdreermsisef thaisplpém tranghes 28.
i solation trenches 28 again. The 1isolation trenches

{0058]28 q{c?crﬁgwmg . lth ﬁgxér\éy‘ Stchthgh&%\%f’%%{im%% {hquolatl-m éx%nches 28 arc

process iTt ing ayer use
filled Vﬁ,ﬁ'{ ﬁilclgft?lgd <) éil syc raFe §>t<1 ? ﬁ%;e retO(X%eéfe@ng}cPE)( {Ssﬁllg];mg mal eulal
formingrg(%? gﬁsﬁn%ﬁ&k%ggl%]at 1%- E@Cf gg%{géno}étgg%g%@% e Iecmﬁlatcd to fill the

ess. The hard mask | ayer 16 and then the pad oxide
rest o [y st D5 tnehce i Sdomelieshp st divbotrisciop e o A8y be
illustrated in Figure 5c. Further processing continues
employad adésereohigapbsad tydhe posant trivagficnr dme Eiftruerd smBadi8ent of this
[ 0060] In another enbodi ment of the current invention,
procesd, e Hoakitt lapde 20 onrydbepanbveatio open A0 Zotuibe fremded DRagain. The
n-channel device relative to the p-channel device may

isolatidd@rdnBigte REREEW MR & bk €l mAr&ifiall 'Fﬁis@)'i’&%ss mﬁy BB the
possi bl e that the non-dopant atons 202,

blockldgr‘l’Q%cQYﬂs&lgeaM@ had'a Gﬁﬁ%@bmﬁé\k@th@ﬁ Beid18 ’36%19{1%%“ lfll%nce it is

annel hal o profl such circunst ances,

temov%ﬁgﬁik?ﬂﬂ%tgﬁﬁ&ﬁﬁ nlng can result in dlfferent |nplant

ers covering the n-channel region relative
to the p-channel region. For STIs 36 built with narrow
[0059] as pdiit straichaBictos body B) Sttliaugblisiedaan planmdict atieg tthecdasée a
of non-dopant atoms 202 entering the n-channel regions
CMP pi®lestt ITHe hbll hik& |Byer 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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-20 channel regions. This enbodi nent is explained wth
reference to the cross-sectional diagramof E Figure
7 and the flow diagram of Figure 8. [0061] Isolation
trenches 28 are forned in the sem conductor body 10 as
descri bed previously. A second inplant blocking | ayer
19 such as a nitride hard nmask |ayer is deposited on

channeé e Tlgg% e glgg(&l‘egggtqgg%plgge V@h {eﬁ%rexgcgé%ﬁag cr(?s[s[ﬁFcimlal a tagram of

er 1 g conventional |ithography
ﬂ&me?éaiﬁegﬁa’ $ﬁ@(§g‘ |nplant bl ocki ng | ayer 19 and
the etch stop layer 17 are patterned. The first hard

[0061] MaS ksoila@.oﬁﬂéndh%s)imkﬂe(r& Iﬁcrdaﬂ ah s%&[@h@u&&woagﬂ @@5@8%31:1%&1*16
unmasked regions as illustrated in Figure 7. Til

prev:od@@ﬂlﬁg%&m mgﬁ'crirgo ;g%g [z%r_cﬁﬁ 14 RR o gmtﬁ@(f £l %; &Qels deposited on

conduct e second I np ant
the qelmce%guct%gbot%l O(}‘X kﬂq%pn o) err egsl?l%}ﬂgrhn_%g gﬂé}[ ggégp{%ﬁlée%%efme M second
n- dopant at 202 enter,i hannel regi
mpiaﬂﬂ@?%ﬂi laveid: mﬁpn\l%%ﬂ Mgty freEB e scihe oo HP ant
gion 12 is an n-channel deV|ce and region 13 is
blockmgleﬁah?\ apd thggigh slop laysud” pregaiterned. t He filﬁ%a%maé@@ gnddsplation
t he n-channel device. The isolation is then filled
trench M arh newexpldsed acthe nematkee rigadns e ilfusirate STl Eigand. dllted non-dopant
ot her layers (all the hard masks, etch stop |ayers,
atoms WRiackethb@ireplajtedine ot shredoatudtop bbdys e dl'caeeodaselahhigocking
active areas (not shown). Further processing

layer [ TBIREKSHES 0B ABSA6HRR Bo8RNID BlonSdnddringNBe H-ERAnEl 962
3a-3c. [0062] It wll also be readlly under st ood by

whereab hl@sn%n-%ilébidt Q@»nis@()@ REteAhf tHeathaRRY %)’1(94 8 @A the’%‘h%?%t region

be varied while renalnlng W th |n t he Scope of

203. Inogoﬁe%mbohme%&t J gnm 1|2tls L n.%hgeel é’leE’Je%ﬁh a{ﬁ% (hat, ﬁt J\snne

esent 1 nve e |1 nve

e R PSP SERL T8 RS0 o s
with thggisggt%ggmiéx%:l g)ﬁ@gggg‘ Ilqrr:lég %}e{gg}agﬁgzgﬁ dt%aq\iimé%ahslksn e%cgiltorp layers,

conpositions of matter, neans, nethods, or steps
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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-21 WHAT IS CLAIMED IS: 1 1. A nethod of fabricating a
sem conduct or structure, the nethod conprising: 2
etching a trench with sidewalls and a bottom surface
in a sem conductor body; 3 inplanting carbon and/or
nitrogen ions into the trench; 4 filling the trench
wWth a dielectric to forma trench isolation region;
and 5 doping to forman active region disposed in the

\WHAqumnjgm@H§?§r body, wherein the trench 6 isolation
region is fornmed around the active region. 1 2. The

nmet hod of claim 1, wherein the sem conductor body
1. A 1mmrdf§ggicatimmmuu¢tor str2tuse) bist methed cdmg@isinghe
met hod of claim 1, wherein the carbon and/or nitrogen

etcHimNs tratod withodi duvatld aad a Bttaan Glreace Zh D@iniddi@br byt he
bottom surface of the trench. 1 4. The nmethod of claim

impBantinh 848 atdA6 BRE R 16rS QbR ®nchhan 10 degrees. 1 5.
The nethod of claim 1, wherein the carbon and/or

ﬁllﬁ%‘él{e‘%&%@h M%H% d?srlc% d&m'r@m 8thehdh dgmgn%efggfﬂ%' qparts

parate egrees aroun I rection norrral to

b
dop{ eto ?& {H 5P {}ﬂ% I‘eg{on cP Is %%(lintfl %b el‘m(foél lil(:gOqué)gé,l Wﬂ}eé%m él}e ta(ijina
<ol . the. gg ] ﬁ é e trench, 1 7. The nmethod of claim
woaﬁoifqﬁﬁb Pimed JERuPf 4 4651 VE 81%8ngl ed car bon and/ or
nitrogen inplant 2 results in a matching of device
el ectrostatics between a narrow width transistor to

2. Thainethiod af Slainf ANshdig theMetnicondlcddaRy WhElbhses uddmikoRluctor
The nmethod of claim 7, wherein the matching of device

substrat@! ectrostati cs nmeans a mat chi ng

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 the carbon and/or nitrogen fons are implanted in two

equal parts separated by 180 degrees around a direction normal to the semiconductor body.

6. The method of claim 1, wherein a change in dopaut profile is localized around the edges

of the trench.

7. 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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2 of threshold voltage. 1 9. The nethod of claim?7,
wherein the narrow width transistor has an active
width less than 2 300nm 1 10. The method of claiml1,
wherein a trench liner is deposited over the sidewalls
and the 2 bottom surface of the trench prior to the
carbon and/or nitrogen inplant. 1 1t . The nethod of

' i ctive .region.co ises part of a
8. %ﬁiﬁhéﬁ g?@?@?ba%*ﬁé@% ﬂiCAanr% 1ﬂ%g% <gefv1c|ﬂ gﬁffeﬁi‘twﬁ §icgns a matching
S . conductor structure, the nmethod conprising: 2
Ofﬂnwgﬁghp ﬁﬁa trench with sidewalls and a bottom surface
in a sem conductor body; 3 inplanting non-dopant ions
into the trench at an angle not nornmal to a bottom
9. $hr faihed of claih 7,heheldi@ R harrdRerigiinrasiBeakascane et & ekl R than
of the non-dopant atons is at |east 200A away from a
300nm.5 top surface of the sem conductor body; 6 filling the
trench with a dielectric to forma trench isolation
region; and 7 doping to forman active region di sposed
+n tgﬁ %eniqonductot body, wherein the trench 8
hegnglppdpt flagt brviiceein aipReh licoisnigpaesited avtr ithessidesgilonnd the
13, The nmethod of claim 12, wherein the non-dopant
bottom jugse elotfp brsiechi pyivs tostbt ewbelafd/amitréen iRplgnoup
consi sting of carbon, fluorine, nitrogen, silicon,
germani um and conbi nations thereof. 1 14. The net hod
i : ' he_.non-dopant ions are | ant ed
e A ke & 0B O O Bl PP B R P o
normal to the sem conductor body. -23 1 15. The net hod
of claim 12, wherein the non-dopant ions are inplanted
(2. Amethed of dabsicatpara smi@ndegar aituethrd yhelBAGEgG IR Birg:
direction normal to the sem conductor body. 1 16. A
et podtradfch frathrsideatal H gndoa B@BNC QRAYE Il seffiddnaldtbErodyhe
nmet hod conpri sing:
implanting non-dopant {ons into the trench at an angle not normal to a bottom surface of

10.

the trench, wherein a peak concentration of the non-dopant atoms is at least 200A away from a
top surface of 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.

13. The method of claim 12, wherein the non-dopant ions compose ions selected from the

group consisting of carbon, fluorine, nitrogen, silicon, germanium, and combinations thereof,

14, The method of claim 12, wherein the non-dopant ions arc implanted at an angle greater

than 10 degrees to a direction normal to the semiconductor body.
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2 etching a trench with sidewalls and a bottom surface

in a sem conductor body; 3 inplanting first non-dopant

ions into the trench at a first angle not normal to a

bottom 4 surface of the trench; 5 inplanting second

non-dopant ions into the trench at a second angl e not

normal to a 6 bottomsurface of the trench; 7 filling
ctric,to f.orma

R A SR e 0SS o s

regi i sposed in the sem conductor body, wherein the
Se?a"at?(fg‘hgﬁgb ‘?e@"ﬁ}r?eé&ldéf?‘ftk?ﬁ “PE@%dﬁthesgﬁ‘P“&fPﬂ@‘t?tfﬁ?’thhd the active
region. 1 17. The nethod of claim 16, wherein the
first non-dopant ions conprise nitrogen, carbon, 2
16. A methbdef fadiitdtiHe R, selcoS@IFRRI b relthd &ethbReon®tifiag: of
claim 16, wherein the second non-dopant ions conprise

%{cilﬂél%g\q{bnc}? @‘itﬁ%{j&i’ewaﬁs zltrJd_té%ue% sﬁ&éé if %e;ﬁgb?&ﬂ&%w

. The nmethod of claiml1l6, erein t I rst
aleJa® [.on ' t first l.e ‘
IR AR e R doIRAA! B 2 e A3 Fpey % goveom
p 3ﬁgicondqctor body. 1 20. The nethod of clai m 16,
surface gf Medfihhe “second non- dopant ions are inplanted at a
second 2 angle greater than 10 degrees to a direction
HEPIARINE S5 o8Py A te g lsdgh al pyecpnd anglonpt npgal to a
met hod of claim 16, wherein the first non-dopant ions
bottomgpigaderph thgritaaghii n two equal 2 parts separated by 180
degrees around a direction normal to the sem conduct or
thidichg. thd tr@:h Wikhea dreletiod toforipl satramc i Golavibe region; et second
non-dopant ions are inplanted in two equal 2 parts

gepag ai enhy adBE: rdgion eéBposad duimd sanidbfideior BEdy) @meRdn the trench
t he sem conduct or body.

isolation region is formed around the active region.

17.  The method of claim 16, wherein the first non-dopant ions comprise nitrogen, carbon,

fluorine, silicon, or germanium.

18. The method of claim |6, wherein the second non-dopant ions comprise nitrogen, carbon,

fluorine, silicon, or germanium.

[9.  The method of claim 16, wherein the first non-dopant ions are implanted at a first angle

greater than 10 degrees to a direction normal to the semiconductor body.

20.  The method of claim 16, wherein the second non-dopant ions are implanted at a second

angle greater than [0 degrees to a direction normal to the semiconductor body.
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11

1 23. The nethod of claim 16, wherein a trench liner
is deposited over the sidewalls and the 2 bottom
surface of the trench prior to inplanting the first
non-dopant ions. 1 24. The nethod of claim 16, wherein
a trench liner is deposited over the sidewalls and the
2 botton1surface of the trench prior to inplanting t he

21. g‘%gglnm 84 5@1{9 %‘ whe 1(:1 Thc]ms I}ané‘lﬁg?rﬁ d%nscaé%% pq%ntecF in twg%quai

or struc ure,

att [ to form rst i | ockin er, over
parts S‘%a’é‘ olﬁg degisrs %8‘6?91 ‘%reﬁg% ”tnﬁgtoftf)? Ny P%IH%/bOdY
bl ocking | ayer as a nask to etch a trench with
sidewalls and a 4 bottomsurface; 5 formng a second

22. B hRMHodIf oklkh ng, Wiaren tim/seéor@tnohemﬁmaormra inlarn@dd h A€o equal
first inplant 6 blocking layer; 7 inplanting

r mal
s R IBID 008 QB PAERSE BELOEIR O 0

trench with a dielectric to forma trench isolation
region, and 10 doping to form an active region
23.  dihapisshed of plaih 46 swukerein 8 digagolines ésceposited lﬂéé‘i?l‘ﬁhft fiecwallsgos the
11 isolation region is forned around the active
bottompagdiwem! thezBenich priorlto 28plaite thefimd dowflopinaions. 25, wher ei n
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25. A method of fabricating a semiconductor structure, the method comprising:

patterning to form a first implant blocking layer over a semiconductor body;

using the first implant blocking layer as a mask to etch a trench with sidewalls and a
bottom surface;

forming a second implant blocking layer over at least a portion of the first implant
blocking layer;

implanting non-dopant ions into the trench at an angle not normal to the bottom surface
of the trench;

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.
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1 28. A nmethod of fabricating a sem conduct or
structure, the nmethod conprising: 2 etching a trench
with sidewalls and a bottom surface in a sem conduct or
body; 3 filling the bottom surface of the trench to a
m ddl e surface with a first dielectric, wherein 4 the
first dielectric does not significantly cover the
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surface; I'mplranting non-dopant i ons onto’the TF enc
sidewal | s;.7 filling t trench wt second

dopant Sr TR ing oA et DT DR S agt on: and 8
doping to forman active region disposed in the
sem conduct or body, wherein the trench 9 isolation

27. Me@inthodf tharmed, wiiown thd ha-a@phiiensr@g@blotked froaPa pthenel
met hod of claim 28, wherein the first dielectric and

transistbhe second dielectric conprise 2 the same oxide. 1

The net hod of claim 28, wherein the non-dopant
ions conprise ions selected fromthe 2 group
consi sting of carbon, fluorine, nitrogen, silicon,

28.  gemgdipil ohiRbasiing aapnadusHy stpdpisothe mettwd compEsigt hod
of claim 28, wherein the non-dopant ions are inplanted
atchimg agregrlewgh eieenlls ndtadmtiomGurfegrieesemuoadustnr ipatly;t o
the sem conduct or body. -26 1 32. The nethod of claim
Zi8inpwheb@iom surtact vethe rensh thialnhiddlewhittivetwich s@codidlectric, wherein
dielectric after 2 renoval of the first dielectric. 1

the firsB8elediris A0EsGROSURITOint BdoEt thE Berk@¥IEhaI NBom ZhdRidatd suMBee to a
regi on di sposed in a sem conductor body; 3 an

top surfa8@! ation trench abutting the active region; 4 at
| east one dielectric material filling the isolation

ﬁxﬁ&gﬂ'ﬁig rﬁa’ﬂgdopant ions onto the trench sidewalls;
filling the trench with a second 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.

29.  The method of claim 28, wherein the first dielectric and the second dielectric comprise

the same oxide.

30.  The method of claim 28, wherein the non-dopant ions comprise ions selected from the

group consisting of carbon, fluorine, nitrogen, silicon, germanium, and combinations thereof,

31.  The method of claim 28, wherein the non-dopant ions are implanted at an angle greater

than 10 degrees to a normal to the semiconductor body.
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5 at | east one non-dopant atom present within the

sem conduct or body. 1 34. The structure of claim 33,
wherein the at | east one dielectric material conprise
oxide. 1 35. The structure of 33, wherein the at | east
one non-dopant atom conprise carbon, fluorine, 2 or
nitrogen. 1 36. The structure of claim 33, wherein the
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removal of the first diefectric.

33, A semiconductor structure comprising:
an active region disposed in a semiconductor body;
an isolation trench abutting the active region;
at least one dielectric material filling the isolation trench; and

at least one non-dopant atom present within the semiconductor body.
34, The structure of claim 33, wherein the at least one dielectric material comprise oxide.

35, The structure of 33, wherein the at least one non-dopant atom comprise carbon, fluorine,

or nitrogen.

36.  The structure of claim 33, wherein the at least one non-dopant atom is localized around a

sidewalls of the isolation trench.
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