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HALO | MPLANT FOR MOSFET BACKGROUND Field 5 [0001]
wGi2oenn3t24devi ces and net hods for formng circuPCT/US2003/029769

devi ces. Background [0002] The field effect

transi stor (FET) is a common el enment of an integrated

circuit such as a nultiprocessor or other circuit. The

transi stor typically includes a source and drain

junction ' ' ' r te
nd a 10 DEURERORITRYAL AR R TN EFRR BUsFeT.
substrate. The gate length is generally the distance
bet ween the source and drain junction region. Wthin
the substrate, the region of the substrate beneath
the gate el ectrode andBetMEROWNE source and drain
junctions is generally referred to as a channel wth a
channel length being the distance between the source

Fiejhd drain junctions. 15 [0003] As noted above, many
transi stor devices are forned in a sem conductor

substrate... To j nproye the . conductivity aof .the
[008H c&%&‘t‘}ef a?‘"ﬁﬁ g S‘i‘etgf"df ﬁcg OTRH F%?%IF‘ dg¥I5Ehit s are
introduced (e.g., inplanted) into the substrate.
Ba%%ﬁﬁam atively, an N-type transistor device may have
source and drain region (and gate el ectrode) doped
with an N-type dopant such as arsenic. The N-type 20
[oop2inct iThe fieldi effest anasibr(BHT) i3 eacomiriort dlamehasf an integrated
previously been formed as_a P-type conductivity.

A
cireit sagh as Prylfipreessart of ethed Figpiit] Bbe hqanp(lsft@rafﬁrﬁ/f@gllarindudes
aspiig and Gk FgRE s ol it el b o

5o VeSO HOEL 91 UGO8 UESALLGRI R o 1REAAS iraly

the8iseiridebetwees tabidiabe hhe dealjuactibh edgion. Withirctherstubstrate,
vol t age nust be apgl ied to the gate
the region of the substrate beneath the gate electrode and between the source and

drain junctions is generally referred to as a channel with a channel length being

the distance between the source and drain junctions.

[0003] As noted above, many transistor devices are formed in a semiconductor
substrate. To improve the conductivity of the semiconductor material of the
substrate, dopants are introduced (e.g., implanted) into the substrate.
Representatively, an N-type transistor device may have source and drain region
(and gate electrode) doped with an N-type dopant such as arsenic. The N-type
junction regions are formed in a well that has previously been formed as a P-type

conductivity. A suitable P-type dopant is boron.

[0004] A transistor device works generally in the following way. Carriers (e.g.,
electrons, holes) flow between source junction and drain junction by the
establishment of contacts on the substrate to the source and drain junction. In

order to establish the carrier flow, a sufficient voltage must be applied to the gate
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1 WD 2004/ 032241 PCT/ US2003/ 029769 electrode to form

an inversion |ayer of carriers in the channel. This
woioi4aze41 anount of voltage i s generally referpet/usen0as29769

a threshold voltage (Vi). [0005] In general, when

fabricating multiple transistors of simlar size, it

is desired that a perfornmance characteri sﬁi Jike,
eledttadestodbumeast nagesipn lagieriof SprIErs 81 theethadew -cié%s pmum

eneral ., the threshol d.vol e t8n t r in
am g liog s bentreld e Gt M HEERETYS.
performance is often dictated by a reduction in
ansi ' icalifs a1t HeRbBErs B ERnleVdieg st is
[00605?1 a glagglﬁe%%'ﬁ&t?{wag)tmgongnatg%the 1objrgzctives of the
desgredithang petformanoe elsaiagristidiike thyreshsldyatléagd lersinglie
| engt hs appr-oach di nensions | ess than 100 1ganomst,ers
betyieap dewirgs. Ik gerenal ithe thygsholdy alingeitanes Fofiecreaia Bgesponse
drops, of f .or decreases rapjdly. Thergfor \: o
to 18P Betrdrgeit 1] Ho gar o BB deo T e uiie el & redyggion in
el | t &k, thadominat
tra B e (AP A R b e CRURES 81 4 081 &) SR tiominates
theldlgativis of Hee ddmeshalictoy pro@gsingtindlistrpe Asqumte alectroder
a range o‘fdlgate | engt hs about a target gate length to

lengtsapyiroad: dimengians less Hepmtigranpmaters (nan), vehagdmseen is that
aspect ronote a nore constant threshold voltage over
thehreshgld Gpitage diRRapi o5 deEerangeRILLY) JRersiyre P ARl
t . . = .
R e i
tar el GenSBlY chanskneitioantirdfedtRVOBedpl deoltdie. | nt r oduced
under the gate edges. Such inplants are referred to
as "hal o" inplants. The inplanted dopant tends to

[0006i se Idealiyhdhe dpiesholsovrltagershoiishba constant peeraipngedit gate

e T e PR S350 58l AL e i
onf L8 045 3P RSN AL PR o aceprbl
ga{ggr@g%ﬂi(s ;er hbghl@;a ibn(;?ge{rfﬁed'i dplantsPHYpe MVBBEHRIS a4l dxdée
semiconductor FETS (NMOSFETS) and N-type dopants in P-type metal oxide

semiconductor FETS (PMOSFETS) may be introduced under the gate edges. Such
implants are referred to as “halo” implants. The implanted dopant tends to raise
the doping concentration around the edges of the channel, thereby increasing the
threshold voltage. One effect is to reduce the threshold voltage of the target size

device while maintaining the threshold voltage of the worst case size device.

[0007] Typical halo implants for NMOSFETS include boron (e.g., boron
fluoride (BF,)) and indium (In). Halo implants for PMOSFETS include arsenic,
antimony, and phosphorous. With respect to NMOSFETS, indium is a
particularly preferred dopant because the channel of indium forms a retrograde
profile from the surface of the device. Such a concentration profile with respect to

indium, tends to decrease the threshold voltage required to meet a given leakage
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fluoride (BF2)) and indium (In). Halo inmplants for
PMOSFETS i ncl ude arsenic, 25 antinony, and
wohosphzyous. Wth respect to NMOSFETS, i ndi unmpCs/U82003/029769
particularly preferred dopant because the channel of
indiumfornms a retrograde profile fromthe surface of
the device. Such a concentration profile with respect
cugrgnt {lgg ity the devige relativete akeoron depamiywhirh dossaatdywe the same
requi.,bed t. et a .given.leakage.2 .2004/ 032241
rel R ak R Je e BTk With TGRS PR HOR g Rl ves a state of
_ . M Co
S N e o BOSP  Copt e o IR ek fforst case
ledidage curdntsn Eoly, ey eggat shall kealthge satreltsselalin tHe/omler af 40
poi nt bel ow the concentration required to reach worst
napeaeps (ralked gleviaersizastiess thand 00 nenparegerns (smy), la hadalimgdant of
currents (e.g., on the order .of 40 5 nanoanps (na) at
an @ﬁug%sg?cg%%%pggga{lﬂ%wef%syﬁqh ¢&rs (nm)), a halo
i mpl ant of an indium species al one cannot reach such
targets. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The
features, aspects, and advantages of the invention
will beconme 10 nore thoroughly apparent fromthe
fol | owi ng deBRIEEDESRIFTIONQ DRAWINGSI ns, and
acconpanyi ng drawi ngs i n which: [0009] Figure 1 shows
a_cross-sectional side view of a portion of a circuit
[0088]hs t rﬁ} epHEradsREcts, ardadystageseithednvention will heceme

Q] nt. [00 Fi.gure 2 shows the . devjce of

m@?éﬁ?’é&%ﬁ% PPB%H% thort e i b fleseripliqrygpppnded
claktn p[gyﬁ] o 1EN ¢ sentation of halo

cog'cgirﬁit%gt%i n iyﬁlﬂlg@&s}‘&@rlgtvgm\%g'rsus gate length for a

sel ected | eakage current. [0012] Figure 4 shows the
[008%ipantFiguretahowsiaamosssecBohylngtd € o fian b aipdreof idf aG@uit

subst [ng&e., [0013] Figure 5 shows a representative
substeaie ingludines ahsisias| deyige Rasiing e fivst halo implant.

[0010] Figure 2 shows the device of Figure 1 following a second halo implant.

[0011]  Figure 3 shows a graphical representation of halo concentration in a

substrate versus gate length for a selected leakage current.

[0012] Figure 4 shows the dopant concentration for P-type dopants in a silicon

substrate.

[0013] Figure 5 shows a representative graph of threshold voltage versus P-

type dopant concentration for a silicon substrate.

[0014] Figure 6 shows a graphical representation of leakage current versus

threshold voltage for P-type dopants.

[0015]  Figure 7 shows a graphical representation of threshold voltage versus
gate length for an NMOSFET device.
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20 type dopant concentration for a silicon substrate.
[0014] Figure 6 shows a graphical representation of
woOeeakagz4current versus threshold voltage for PETIUSR®3/029769
dopants. [0015] Figure 7 shows a graphi cal
representation of threshold voltage versus gate
length for an NMOSFET device. 3 WO 2004/ (032241
[0015T/ UBiznoe Behovea STaphial repigseriaon nbleaka g cupisnt yersus
represent at | eakage current versus gate length
gat@&ngﬁhﬁ%,%ﬁ%@@g%ggﬂ] Figure 9 shows a graphical
representati on of a nunber of devices on a substrate
I SUg; i ' i aShawbeRof devices on a
I S A s
subs@agiverbed gaterlen@tdr of devices on a substrate. [0019]
Figure 11 shows a graphical representation of drive
current versus |eakage current for a trapsistor
[0018bvi c Figure 10shamsErg PRl papresentation of sEvMeE eSS gate
ipdiumis referred N T .channel dopant (e.g.,
leng&‘@r&&wﬂ%lp%é%%vdgees 9% & SPRS Gy ade concentrat i on
profile results in lower threshold voltages and
jgpr 0 1% i NBEntatiBh of TR eFurde weesus
[Oﬂisgggh gggt}jlgvlilcsglg%wg éE ﬁﬂtrg}l%dg?@gat e length at 60
leakagurm@i@itfonh trasistor defviogen al one as a 15 hal o dopant
i s unacceptabl e because its solid solubility limt
tends to prevent indiumfrom doping an NMOSFET
channel to a high enough level to maintain reasonable
wor st - case | eakage currents. [0021] Figure 1 shows a
cross-sectional sidgvi ] of a circuit
substrate having a%ﬁfgﬁgﬁg?ﬁg@ %,@r&ormad t her eon.
Structure 100 i ncl udes

[0020] As noted above, indium is a preferred NMOSFET channel dopant (e.g.,

halo dopant) because its retrograde concentration profile results in lower
threshold voltages and improved drive currents. However, for smaller devices,
such as devices with target gate length at 60 nanometers or less, indium alone as a
halo dopant is unacceptable because its solid solubility limit tends to prevent
indium from doping an NMOSFET channel to a high enough level to maintain

reasonable worst-case leakage currents.

[0021] Figure 1 shows a cross-sectional side view of a portion of a circuit
substrate having a transistor device formed thereon. Structure 100 includes
substrate 110 of, for example, a semiconductor material, representatively silicon.
Formed in and on substrate 110 in Figure 1 is a transistor device.
Representatively, the transistor device is an NMOSFET, formed in P-type well
120. The transistor device includes gate electrode 130 formed on the surface of
substrate 110 having gate length 170. The transistor device also includes source
junction 140 and drain junction 150. In an NMOSFET, source junction 140 and
drain junction 150 are both N-type as typically is gate electrode 130. Source
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20 substrate 110 of, for exanple, a sem conductor

material, representatively silicon. Forned in and on
weubspsz4e 110 in Figure 1 is a transistor devPC®US2003/029769

Representatively, the transistor device is an NMOSFET,

formed in P-type well 120. The transi stor device

i ncl ud

A R I L AT
| .
AR S8 .
buﬁ{ af %ﬂr@@{-ﬁﬂcﬁ@n]ﬁc@ i@hBohed ’fb atc}sépgoﬁﬁoﬁs)/@SQﬂ{ bateiedectrode 130
gate el ec de 130. Source 04/ 032241

(b}DelT igpR0B3L @2 9p6Er jartions 635 a.mfourmdDJd%@Jﬂaryby,l drpimajunction 150

d, f I | f |
inlides fb ARl B BN HEIIE Alieped 5 e Qo Tu fey Blightly-

CETHGICI p  RRTS 90 e

ele’eﬁ%de(lgﬂ an inplant after spacer portions 135 are
formed). Simlarly, drain junction 150 5 includes tip
i mpl ant 155 substantially aligned to gate el ectrode
[0023p ( eFigure & alsogittdvys a dimgtahhalodinplantinehanhk] wigici d6Mhof
uncti_on 150 is aljgned to spacers 135 on gate

suleas’%t@ ddbelngn en[tmg]enrtﬁ@mr@ the ’ﬁ%@is%éiﬁé’lf& 18apdNMOSFET,

hal o n _chan substr
frpCeplaBRA ST o SGREIE iy el tpBlangE BSLES ottt oy
1n%%&ﬁ£ do Hi)‘hglt fddsS budHRd ﬁﬁﬁulgfﬁ%nb Sintd QibRHARIM @ at a tilt angle of,

i ndi um lo inplants may be forned by introduci ng
fodepzanple] 25:80°. sﬂ)nh wasy tlondmmhww fisst hald B8E istet I’Iﬂp}hnl]ﬂg

at atilt angle of, exanpl e, 25-30. One way
oplerRtiQIfder fiom@iﬂon@fdhq getq @e%trqunﬁh% efarg the QE@‘@ﬁi)cﬁﬁ) that the

t f. th t | ectrod but bef th
ol BEret B e ap Winned e ode. acts as an
aligned inplant nmask. 15 [0023] Figure 2 shows the

[ogB] uct ng%r@.fz sﬁb%rtﬁe %MH@\M 'T?gﬁlléel fdl'ltoWiﬁgq:hé tr8uction of
second hal o 190. For an

secapt baleritoft |F\2)e lay, NM&%ET Bs s]nomaJ mpresentatwely, where first halo

180 is an indium species, second halo 190 is, for example, a boron species (e.g.,

boron diflouride). Second halo 190 may be introduced by implantation according

to a similar technique as first halo 180.

[0024] In the example where first halo 180 is indium, and second halo 190 is
boron or similar species, one technique involving multiple halos includes
introducing first halo 180 into chanmel 120 of substrate 110 to a solid solubility of
indium for silicon, generally 2E18 cm®. Following the implantation of an indium
species to the indium solid solubility, a boron species is implanted as second halo
190 in an amount sufficient to achieve a target threshold voltage for a particular
gate length device. It is appreciated that, having determined the appropriate

amount of indium and boron dopants, the order by which either is introduced

may vary.
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180 is an indium species, second halo 190 is, for

exanpl e, a boron species (e.g., boron diflouride).
w@eomrvd2aal o 190 may be i ntroduced by i npl ant aPCOMWS2003/029769

according to a simlar technique as first halo 180.

20 [0024] In the exanple where first halo 180 is

i ndi um and second hal o 190 is boron or sinilar .
[0025)eci dB ,th%ﬁ]éo‘t’%%llﬁlgpgl}ﬁemm aéirgt hajo 2@,&, ifﬁﬁtehquﬁllég of an indium

[ l.ud [ duci i hal i
spisfes i FETodt Bl S Orid iif B8 defit HAGASE) ARG adkEH
Thtlﬁé,ls:tﬁ@ﬂxreg@ﬂ(?ﬁghmés &5 §afeBintiodiulc88Viit® dhfinel 120. The dopants

nplantati on of an indium species to the indiumsoli

dessoibelliihtltde inden anddpeonhepediss.i Itd apprediadad Swtmibler species
hal o 25 190 in_an amount sufficient to achieve a

mayigalarlyhecsatiwble {osleithgs NMOSTEIgan MO E Igate anerryernple,
. device.. It is reci ated .t hat. . hawi.ng determn t
inci § Stested Sneh B iRU ol P DTS drdBdtuced

r [ [
T s T e O S R T e
threstisldivisttapes, dedldopticuredras aad glrive dursénth.aFiguk8 3)shofwsoa

indium species is introduced and a second halo (e.g.,
graphical depresentagion dfdhale coreentragion imeusslican sukstiate versgs gate

eSS PSR LSS 2, RS0R0h 2 il s v
3RS ek SIS IR ST

sate¥a@ephfd cahNol, UIBries adlgkee tiedd @iebd 1akk gerit0 Higtre 4
solid solubility in the context of reduced gate

represeyithivély. spowsdml o kencardeatiarf in70silieemw selystrate o FigursS)
to achieve target threshol d voltages, |eakage )
degprptiates thake arhasa frefiitg neta efkags Glrrent requirement

r b Galsy e Lon. of C ion..i
(o £ PRI AL FERESRET AN WDl AL BINGRI Bk e Brcr o
zgugeaifage current (loff) of, for exanple, 40 nA. Figure
3 shows that as gate | engths are decreased beyond
approxi mately 100 nm i ndi um
[0026] Figure 5 shows a graphical representation of threshold voltage versus

dopant concentration. Figure 5 demonstrates that at its solid solubility, indium
saturates. Figure 6 shows the graphical representation of leakage current versus
threshold voltage. Figure 6 demonstrates that at its solid solubility, indium again
saturates (e.g., on the order of 100 nanoamps/um). Thus, with respect to
achieving target threshold voltages and target leakage currents, an additional
halo implant, in addition to a halo implant including an indium species, is used.
As shown in Figure 5 and Figure 6, a second halo implant of a boron species may

be used to achieve the target threshold voltage and target leakage current.

[0027] Based on the above graphical representations, for example, where
leakage current (I,z) for a worst-case gate length device is, for example, 100
nanoamps/ um, where a target gate length is, for example, 60 nanometers, an

indium species may be introduced as a first halo to its solid solubility and a

6
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saturates and cannot, al one, achieve the desired

| eakage current. Figure 4 representatively shows hal o
woame@atzmati on in a silicon substrate. Figure BCT/US2003/029769

denonstrates that a concentration required to neet a

| eakage current requirenent 15 (e.g., 3E18 cnB) is

greater thanthelndlumsolld solubll e.g., on the
se algpf, forexamaptsy a HasepEpesiey dRey Be éfr%%iu%%gr%@m fjpshold
resent a |on of re _dopant
vol SRE BRI {sFhutioph Bk B RME LHBRRHRG. TPP2 001 1
solubility, indium saturates. Figure 6 shows the

[00a8aPhi BigliréLPERE 8that S picdl esf@eentatibhe AtsoeRitedisvidt)
threshol'd voltage. Figure 6 denpnstrates that at its

thieshold widtages antlyeakagg qmragafor a pamnlﬁrﬁteé kength d@rvuce The
the aorder of 100 nanoanps/n. W th respect

gr%lélﬁ?%l\l’ﬁﬁbesearaé@e&l ResHBithe pian: @%@rleg&dcear@fés Fseatiatgd with

fa’f%ﬂrr?%r%%t PN e P oD Il ©
s%ﬁ%élﬁ‘ £6t g?gﬁos%s%@@x laﬂHﬁSn,Ga ta@gﬁ@%ﬁ@‘l’e HithGs 70

i mpl ant of b speci e to achi eve
nahbmetas gein) tr/hrtlealvmd)mt-\zaﬂet gge leirgﬂhtoartbetordieackfagé nm. A halo
_ current 0027] Based_on the above tgr aphi ca

ki Figure Zdieprs to wgrkice the élareabeldcmlmﬁ of the

taa%%ﬁ %gfe%% R ne b AR FieR ot cBe ity spoe size

delyive, f%wm&eaﬁg é‘éﬂ‘i‘éﬁﬁ (%fe%ts o/} Vah%ﬁb lgmélé% 'tl?ssaﬂ@ay

be intro as a |rst otoits sol sol 1ty

illastehtad 6n‘l‘£glﬁQ(84/ R 24entbXiFlySRARE PZiDF 69t 1rsieamnldalb aind boron
of , for exangﬁlﬂ/ a boron species, may be introduced

welhtype @nd doron well eWLﬂSf—uﬁ msr@sslgaﬁ@@gth éeakage

oA B e APl OORPl B e R o

cag@éﬁ&’ l&ﬁggt XA t‘rl"r%“?ﬁ:d@f‘ ﬁf %?Q&f&g& Ip; rTlﬁg;I SvdP Eh(ﬁlaﬁh a worst-case

particuPar gate |engt evi ce grap

deﬁz@c@:ﬁﬁ&? dloathihatesthel tbs léage chereng RuhattipleiHado device such as
tol erances associated wit
described tends to reduce the difference between the leakage current for a worst-

case device and a target device by, representatively, a factor of two.

[0029] Although a worst-case gate length device tends to dominate leakage
current, the target devices tend to dominate drive current. Figures 9 and 10
illustrate a multiple halo device such as described above and a prior art single
halo/boron well device. Figure 9 shows a representation of devices formed on a
substrate and their corresponding gate length. The devices adopt essentially a
bell-shaped curve. Figure 10 shows a typical drive current for the devices formed,
in one case with a indium halo/boron well as in the prior art and, as multiple
(indium and boron) halo devices. Figure 10 shows that the multiple (indium and
boron) halo devices tend to have higher drive currents at target gate lengths,

because they have higher leakage currents at target gate lengths. Figure 11 shows



10

fabricating devices, particularly the acceptable
variations in gate length. Representatively, for
wouo@oszsl of expl anation, a target gate | engt hPCS/UR003/029769
nanoneters (nn) with a worst-case gate |l ength on the
order of -10 nm A halo inplant, as illustrated in
Figure 7, tends to reduce the threshol d voltage of the,.
a grophical gepresentetignwf daivVRHU EEYRYIeRTUS lﬁ@k@etqﬁ’ér@% gt Adtapsistor
vol tage of the worst case size device. However, the
dmﬂ%hkage current effects for various gate lengths are
illustrated in Figure 8. Representatively, for the
i or Nalel i n, WBkdifit ¥athbddif@intdare
[00 Io/ggpg%bggkﬁykgg%?gg?g§§§g$2%-%gse gate length
illub@akay incledinentusidniadetideof aeparageindjatreand hgron implants,
device, the difference between worst 15 case and

It witl; ewever, be evidensithat various madifisations apd chapges mpyPe made
the}r%htg &g]ég%{ﬁé@pggi%m&ﬁg b%gacﬁlysggrgtg] 1?(? éceoghegﬁ tgg §&bention as
set ?(212&21\% Zﬁg cl%ﬁﬂg.sF{)Pe{eﬁﬂ Reirdd1Enfhdd BORRERNPRINGERAVE Bé&en

current or a rst- case device and a t ar get

dediedgobiin N-eps@devices (Pugipe, dapdms)t dt isafontempldtéd 2edt other
Al t hough a wor'st-case gate length device tends to

dopamis fiat B-typeidaydces20ay: be irtmeduedskin asigularqaanpes(cgargultiple
to dominate _drjve current. Figures 9 d
oy | (diepy by o B 16 Geiosscis i i empia HeLrppgslopants
bove, and Pl Lngle - I i
sudh 8 R e uShiay 1R, isHRploBR i d AFHpIE Ryl FBrocess
wht¥O sttb@t Suai s, e inot tighitRb ) ddiveGirgileakd rent§hage to be
devices adopt essentially a bell-shaped curve. Figure
opfitniséthwEhe speqificatiordand drawingsrte fascordinglfe (o begegarded in an
forned, 25 ip one case with a indium hal o/ boron well
1lltsﬁ§rthet1ﬁéhe§rtﬂem agPStricHy e S§RSSul tipl e (i ndi um and
boron) hal o devices. Figure 10 shows that the nultiple
(i ndium and boron) hal o devices tend to have higher
drive currents at target gate |l engths, because they
have hi gher | eakage currents at target gate |engths.
Figure 11 shows 7 WD 2004/ 032241 PCT/ US2003/ 029769
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a graphical representation of drive current versus
| eakage current for a transistor device. [00301 In
woOher4pszexaedi ng detail ed description, specific PCT/US2003/029769
enbodi nents are illustrated, including a dual halo
devi ce of separate indiumand boron inmplants. 5 It
will, however, be evident that garious nodi fi cations
and changes nmay be nmade t wi t hout departing from
E% ﬁ.oad . spirit and scope of the invention as set
Whai s HaftRed 4% ¢| ai ms. For exanple, indium and boron
i npl ants have been described for an N-type devices
(P-type dopants). It is contenplated that other
1. dopantA nmiethollcoymeridingi ces may be introduced in a
simlar manner (e, % mul tjple 10 haloi
Al t er fatinirg 9! trapgistor deviee Havingaschannel xegiovt enpl at ed

that N-t S rse c and osphor ous
nmay bénﬂﬁg H%@g fha ﬂ€1&} 3nHS]§gHFB@§B pwhere
ffect; , k
cur ol g ssbbiia BferkhEhATBdl dmeiatiopR o2 (0°

drawi ngs are, accordingly, to be regarded in an
illustrative rather than a restrictive sense.

2. 2004/ (Bronetiraipiidadod) vieres thefissglo ppaprises ém@h%d
is: 1. Anethod conprising: 5 formng a transistor
device having a channel region; inplanting a first

3 halo i ﬁﬂ{rrLe@ﬁo& BRPREh o G3{28n @Qonbéﬂﬂ'eﬁgﬁrl Qjﬁte gz EH%’[% in the

differe ntfo thé c anne regi on
subftr&teas M dn aftie |eQuNﬁe1{tl tbghe balid sclitlitysgdndighum

10 3. The nethod of claim?2, wherein the concentration
of the first halo in the
4, The method of claim 3, wherein an amount of the second halo is
selected to achieve a leakage current less than a minimum leakage current

achievable by implanting only the first halo.
5. The method of claim 4, wherein the second halo comprises boron.
6. A method comprising:
implanting a first halo into a channel region of a transistor device; and
implanting a second different halo into the channel region in an amount
sufficient to achieve a target threshold voltage for the device.

7. The method of claim 6, wherein the first halo comprises indium.

8. The method of claim 7, wherein the concentration of the first halo in the

substrate is in an amount equivalent to the solid solubility of indium.

0. The method of claim 8, wherein the second halo comprises boron.

9
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substrate is in an anmount equivalent to the solid
solubility of indium 4. The nethod of claim 3,
wohewn@se4an amount of the second halo is 15 seCeaiSe®3/029769
to achieve a | eakage current |less than a m ni mum
| eakage current achievable by inplanting only the
first halo. 5. The nethod of claim4, wherein the
second hal o conprises boron. 20 6. A nethod
conpri gingi ti:ng. a first halo into a channel
10'r eqgi onégff?&gogggh@lgl@g' device; and inplanting a
secon Cfoﬂﬂrﬁﬁ?ﬁ dirallidy of triahsistdre oﬁfhadwﬁ‘craf@&'c@ﬁding tera targeted
anount sufficient to achieve a target threshol
gatedetgihe for the device. 25 7. The method of claim6,

wherein the first halo conprjses_indium 8. T t hod.

of cl dmrlantingadeskhaledntbn Ehamel P HANGE eafe OP fhegplutality of
tr hal Poi-n the substrate is in an anount equivalent to
WRE'LR id solubility of indium 30 9. The method of

clai m iﬁxpwﬁﬁﬁ% lalbebhied BEROME B &a@@lﬁpfé?@ﬁ obes@fof thQ plurality
WD 2004/°032241 PCT/ US2003/ 029769 10. met hod

of eanpistars iy an betodrtgusfigient @l ddhjevefa targetshseshodd woltage for a
substrate according to a targeted ate length; 5
warghtasa eceaptableigese lengtl from @%taéﬁ%tﬁa@atq g8 of each
of the plurality of transistors; inplanting a second
hal o into the channel region of each of the plurality

of trapg; i i 6 |
11 afiR ﬁgglg%ﬁl gpslgptr\al@PWNeréﬂ thé Gir&Mtald CoRPMLY BrBium.

target t age for a worst case acceptable
gate length fromthe targeted gate length, 10 11. The
nmet hod of claim 10, wherein the first hal o conprises

12i ndi unThe method of claim 11, wherein the concentration of the first halo in

the substrate is in an amount equivalent to the solid solubility of indium.
13. The method of claim 12, wherein the second halo comprises boron.

14. An apparatus comprising:
a gate electrode formed on a substrate;

a channel region formed in the substrate below the gate electrode and

between contact points;
a first halo implant comprising a first species in the channel region; and

a second halo implant comprising a different second species in the

channel region.

15. The apparatus of claim 14, wherein the first halo comprises indium.

16. The apparatus of claim 14, wherein the second halo comprises boron.

10



12. The method of claim 11, wherein the concentration

of the first halo in the substrate is in an anount
weqguisatant to the solid solubility of indi um PaBUE3003/029769

The nethod of claim 12, wherein the second hal o

conprises boron. 14. An apparatus conprising: a gate

el ectrgde fornmed gn.a substrate; .20 a channel i QN .
175 or med N RIS RS b poy Behibe paPsSaiaton b B% At halo in
thPSIDMESE £IALAUMBh e Guivaleht féﬂﬁ:@%’liﬁl JolbiBBY of indium.

conprising a first species 1 n the channel region; and

a second halo inplant conprising a different second

species in the channel region. 25 15. The apparatus

of claim 14, wherein the first hal o conprises indium

16. The apparatus of claim 14, wherein the second halo

conprises boron. 10 WO 2004/ 032241 PCT/ US2003/ 029769

17. The apparatus of claim 15, wherein the

concentration of the first halo in the substrate is

in an anount equivalent to the solid solubility of
indium 11
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