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0 0001] Circuit devices and net hods fof FGF%WH@
circuit devices. 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
j unct i oNNDHNBORONBUALHALSIMPLANITUEOR MOSFET at e
and a 10 gate el ectrode forned on a surface of
the substrate. The gate length is generally the
di stance between the source and drain junction region.
Wthin the substrate, thg rggign of the substrate
beneath the gate ele ween the source and
drain junctions is generally referred to as a channe
Fieldvvith a channel length being the distance between the
source and drain junctions. 15 [0003] As noted above,
many transistor devices are fornmed in a sem conduct or
100015 UDSCIrehiRt-delfceds MRIIOMRHIHR foP PekthiripVdifdtibdetings.
sem conductor nmaterial of the substrate, dopants are
introduced (e.g., inplanted) into the substrate.
Back@mmnekent ati vely, an N-type transi stor device may have
source and drain region (and gate el ectrode) doped

o002, PRE ARG SR oS T SRR et e
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circaff 6% Y3 ofuRATILBETEY offeriieutt P GARENEL ibidiy Bacludes
2 soud@VASE® AYRINKENSEREFAIIbN Fofimbd en h QEHAMAMIThAIEY sulatfdtt 8hd a

(e.g., eléctrons, holes) flow between source junction
gate eladrodeformechon iagmriacetdf¢he eshstbite s e gatolfength ingenerally

e oGP BRRR B S S IS AL RS
the re\fg%ltl 38 Mis ke B&%e{tﬁqhg %a%é1 81e83b&e 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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WO 2004/ 032241 °
P 03/ 029769 el ectrode to forman inver |
wog 4?:‘t%?%iqers in the channel. This m ninmm angﬂlfgl?ugzg}‘%”%g
voltage is generally referred to as a threshold
vol tage (V,). [0005] In general, when fabricating
elect{%ﬂ:iae:tjo%?n{ %r@ﬁﬁz‘e?&i%hslafér SF AHids ifLitRE chafindls THi®ihBdum

a performance characteristic |ike threshold

amowill dfaghtdpe isipghemllydreferred that atlemshield calsagd (V).

general, the threshold voltage tends to decrease in
response to reduced_gate length. O  cour

. Se, . . e
[0005her f by gameralivwshen falnicatioganelinly tersishors ot Simiar size, itis

bR B0 AR s AR DL BBE et

behv?%‘r{]rgt‘éﬁﬁg&c i1 ggﬁiﬁ? Ghe ltﬁﬂashmél*é e tBAJdE2S BBttt 9 9ponse

S appr dimensions | ess $han 100 nanoneters

to re@édd gafedengh. ®LEoSe Pdtornldhce is oftehelittatedbyladreduction in
vol tage drops off or decreases rapidly. Therefore, )
transistensiae {erg|, [faster switchingg heovgelevices ioa ayehip, gfcedhab deminates

the obfaRfue o7t e g Reroe Ppeees g ey A S Bectrode
h I I .
leng%lg %f)i’g(ga%héﬁpﬁgns 120 ?@rﬂ 16tFR A dmetels gﬁg?ﬁ/gg?feﬁ seen is that

e cons over a rang

the thiRBRSIBv &l drﬂ%ﬁsaéﬂ ok dadlefsdsangidly! TIrReef8] eviedl a small
manuf act uri'ng rgins. To, in One aspect, pronpte a

change iretleogateaidcttddekngitl(e/g) 4 A0 manvareter difegencs from a
acceptabl e gate | ength

t s, locally ] ant ed dopants
targeges lepgsh), sansigniticalnatfestithe t@‘@% %&é@%ﬁ- FETS
(NMOSFETS) and N-type dopants in P-type netal oxide

em C P F

0006f o' FERRINE HEL el Vg Shbult e BngtBht BUHFA B Et pate

lengthBabBut bmpg%@ gate Eﬂgﬂh pPhadued felopanhfdcendfgBafgdhs.eTo, in
20 the dopl ng concentration around the edgés of the

one asparippromiohen ehyrd corseatithreshbll voltagestroéda vangeageacceptable
One effect is to reduce the threshold voltage of the

gate mfg&& lerally inplanéed @ﬁpmétSr{Bftﬁpgihh My RESiAr@des| d
sennif TG Fn PSR AT A€ b n 10 e B G

senﬁ%ﬁﬁé&%@F?ﬁ%ﬁEﬁ%@gﬁzﬁﬁmliﬂ%md'd@é& unelel §hé Safedddges. 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

indjum, tends to decrease the threshold voltage required to meet a given leakage
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NMOSFETS, indiumis a particularly preferred do

WO HUE3RY t he channel of indiumforns a retrogFP&dt Blbsm20769
profile fromthe surface of the device, Such a
concentration profile with respect to indium tends

cureef B AR I G B B8 By S s e same

retr Qcﬂé rofilel Th iMem WitAtihdRirh % Bhald PPt QBRRY c¥Bistdte of
oes not have t'he sane retrograde profile. One

solidpobidbitity wt & poimidbalowi thetdoatentrationrerptii @/ Esrepchivadmst ofse
solid solubility at a point bel ow the concentration
leakagefnrrest dhpsd awtﬁn@bka@ ageeyaagatsderg:<m the gudes of 40

nandsPb A he At i RS e0 DN olerdhs o), 153 iant o
anmqqﬁﬁrﬁrﬁe@fegam@& t'}@%&éﬁﬂﬂ’é getgf an indi um speci es

al one “cannot reach such targets”? BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 0008] The features, aspects, and
advant ages of the invention will becone 10 nore
t horoughly apparent fromthe follow ng detailed

descri ption, appended clains, and _acco anéing
dravi ngs | RARESCRIFEION QhASTE DIRARINGS
cross-sectional side view of a portion of a circuit
ubs e |nclud|n tor ce havi first
ro00s} - ThE sk, oty Bmd A o e vl meporie
moré:ﬂ}ﬁ)h*éﬁgl%yféﬁi | QUhPlofhn ﬁ%‘l‘l@ﬁiﬁ%ﬂe‘tﬂf@cﬁ@éscr%?x%égé&nded

Fi gure” 3"shows a graphical representation
clainspané ateanpanying draveinigs i atlgclver sus gate length for a
sel ected | eakage current. [0012] Figure 4 shows the
dopant concentrat| on for P-type dopants in a silicon
10009k, hsFigmre 1 shoniss cresgestionalissiview ebha posienact agircuit

subs @S RARRUAL L PR oY Bl RA Y HEA Bt el ity at e,

[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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[0014] Figure 6 shows a graphical representation of

l.ea current versus threshold voltage for_P-type
WO&@@Q@?@.‘ [ 0015] Figure 7 shows a graphical PCT’Ugﬂm‘mg?@

representation of threshold voltage versus gate

l ength for an NMOSFET device. 0 NVO 2004/ 032241

{0016FCT/ g ys@x%%&ﬁ% #%g%ieﬂék%%ﬁtﬁimm ARRbRBYersus

epresentation o urrent versus ate length
gate fepigtla ForNVONINEDSEEI017] Figure 9 shouts a graphi cal
representation of a nunber of devices on a substrate
versus gate |l ength. [00181 Figure 10 shows a graphi cal
[0017} e pr Bigane Qishonot gtaphicalggpresentatinnsefsa gamberjod ﬁémes ona
a _nunber evices on a substrate. [0019] Figure

for of
subsatesyiESRs gatglen®iical representation of drive current

versus | eakage current for a transistor device. 10

T T 1 L .
onsEE AR SR Ak s Ge G i
lengttdpaninuniegasisdevitss dreh kabsagte. concentration profile
results in lower threshold voltages and i nproved
drive currents. However, for smaller devices, such as
[0019} evi Eigauraill shoarsgegragdtienl lreprgsentatiogoofrdnioeretiuent versus
1 kI ess, ingiun1alone as a 15 hal o dopant is
eakagh SHLEERT 10 2 MRESISHII$YI€e-sol i d solubility linit tends
to prevent indiumfrom doping an NMOSFET channel to a
hi gh enough I evel to maintain reasonable worst-case
| eakage currents. [0021.1 Figure 1 shows a
cross-sectional side view of a portion of a circuit
substrat e havi ng PEIAENEFDECCHREFTIONS or ned t her eon
Structure 100 i ncludes 20 substrate 110 of, for

exanpl e, a sem conductor material, representatively
[0020k; | j Apmoted above, indium is a preferred NMOSFET channel dopant (e.g.,

halo dopant) because its retrograde concentration profile results in Jower
threshold voltages and improved drive currents. However, for smailer 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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Formed in and on substrate 110 in Figure 1 is a

.3} or device. Representatively, the tr [
wo%@\%@éﬁeﬁ%s an NMOSFET, formed in P-type well ?'?36.%5%3@“29769

transi stor device includes gate el ectrode 130 forned
on the surface of substrate 110 having gate | ength

junciidf 140 becltdentip sirplateMicderided pf driatitss, mﬂfcﬁ'it%ﬁed to gate
junction 140 and drain junction 150. I'n an NMOSFET,
elecizode t30 {yhen iroplamd priordo the &pmnptder of spaces PoatienyddF). The

bulk%%ﬁﬁ%%%g&%gﬁ igb llgl alggi’ne%f‘ ttoespealcglg f)élptgoenslﬁ% onsggtrece?eé/fgade 130

oy GETAAOTIHERHSD oA o AT B by Bl ncion 15
incliles &l @Ai6lahB Q5% Bybaantialy algned t@gaﬂecaédt@od@mm@. Na %hﬂy-

spacer portions 135). The ul k of source junction 1
dopedsdzin) e bolkspladmin pordtioorkS01is ligned &b spadezs 185 dn gate
1%? by an inplant after spacer portions 135 are
electy Sinmlarly, drain junction 150 includes tip

i nplant 1.55 substantially aligned tohgatbeI El e;:t :jodg
30 , [ - .d d,deain). .T Q n
002230, e Beb AR ORI T0Rg bl Blon i B
subsﬁh&cﬂ_@? 48 ak3éinbbAAeht Whel! theltr@hsiQo? ARVReds ah MMVRDSEET,

alo inplant in channel. region 160 of substrate 110.
first implant 880 i) foretample; indihm. t Halwinsplantdmeyde fosrd by
] EI\/QSFET, 10 first inplant 180 1s, for exanple,
introfygingrRlopantdonssighes indipo éons intesubgtratat Hbatia tigngle of,

for SRR, PpRR, G o Wifodin AREnall i RSkl es”

operét]'ciﬁﬂ QAbERorhldtiin bRlLe téa&@ elettid e'C(HHJc ﬂéﬁ)k‘ g%e %&%g?%ist%ﬁgat the

after formation of t gate el ectrode

gate elpairods hcsmstaradligriee] ingplagit @Akl r ode acts as an
aligned inplant nmask. 1 [0023] Figure 2 shows the
strucfure of Figure 1 follow ng the introduction of

[0023} o ¢ ohigurg Zshpyes thegtrugiuraveidiignred fellowing the introduction of

talivel first halo 180 . s an_.indium
secordPRABSRN Fob ShANPoFES o5 pbBhrifedestpeival’ Rk S5t halo
0 iSReS : bflopyE i
100ig et optes skl pis b BIEUL OB,
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 channel 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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to a simlar technique as first halo 180. 20 °
OOZé% In the exanple where first halo 180 is_jnd
WO 2M4/%824bnd hal o 190 is boron or sinilar spec?g v
techni que involving multiple hal os includes
introducing first halo 180 into channel 120 of
ubs & L b Al an indium
ozsf PRI AR fibdffiay” aItNIbIG g st Tl ws0) of
specicB R ibicRiiced aid Agedond hilb (685 se@md halokO0) is Bitroduced.
solid solubility, a boron species is inplanted as

um
- ﬂ /(29769

' Thuss siruciire 200 imdudes twa d@lasininedared imtosiianine] 241 The dopants

achieve a target threshold voltage for a rticular .
descyhed ncide BN sad bOroR SPapE ok T pRrectied ’ff\%.’#:'a'ﬁl species

may SR BE 00 R STFRN CT h e

lndll%i’%g% sg%ééf@i%@t@l“ih@t%%ﬁﬂ:@d to its solid SBfhil#eR RO OAMMER of reduced

I'n the above enbodinent, a first halo (e.g.,
gate lénpshs feag.0od 809 onderasf 70ntlinometepear kess)i to dchievediatget
and a second halo (e.g., second halo 190) is

thresheld velieges, leakuge surrenitsand deivesnurents. e bshows a
i nt roduced i nt | 120. .The d t i
sl B45E b B B P B a0 B e

. ; ‘ - <
engit NSt PR e, ATBYEP P OIS gl o
that ad 't@rl@ﬁ?chs ekedeeeasad beyorid dppaskitrai¢lysl08almdindium

y

sol ubi |'i in the context of reduced gate |engths
saturagespnd omndiealonderchi¢vertherdasivedtlealagsrcursent) Igure 4

AL TR T IERTRET TR
T

(e.g.|3FARRGE%)GH EF&Mbr {Hadf fhle iABiurhebli@salibitity g Nén the guder of
3 shows " that as gate | engths are decreased beyond

2E18appf)oxi mately 100 min, indium saturates and cannot,
al one, achieve the desired | eakage current. Figure 4

10026} ;< Figtte 3 07 & EaaP RO R GRi o ot PCRRICaY s Brfeus
dopd Ut & e il de 5RARGRSEHEL Bl o SR bility, indicm

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 nanocamps/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) 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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15 (e.g.,3E18 cm3) is greater than the indium

woselddedimty (e.g., on the order of 2E18 cm 3) }Jcﬁ{)ﬁ’%g 03/029769
Figure 5 shows a graphical representation of thres oﬁ/&nﬁ

vol tage versus dopant concentration. Figure 5
denonstrates that at its solid solubility, indium
secopdthalabédor Example, 8 xironspedies,gnapbe dafrodepedantit athashold
of | eakage current versus 20 _ threshol d vol t age.
voltagegndaursdfesspaor hthedepknge arrentds satablisked. ubi | i ty,
indiumagain saturates (e.g., on the order of 100
ano 1t h.tespect t .achi evi ng tar.get
o024 o 2B amd B dBow/ Pl BT Pblesplg B0 it 3K
thresHild WicPRgks aAdi@alagR!caPtentd fb@éﬂ@éﬁ Bthrldai@ YR device. Th
ei npl ant ignsf:l udi ngdg'ﬁ i ndeinum speti eg, [ séhuse s Asemce €
graphivalme preséiitgtioas Hlistchi€itlgeantifa@ugegaslbrinides dsspdiartd with
of a boron species may 25 be used to achieve the
fabricafine devices Protigulpsly heacaeptably yaiationskingate langsht .
0027]. Based on the apov raphi cal representations,
Reptedeinaligtsh EOT RAO8SS PN g0e SO e BT s Jermash 1870
: t ' ' f K 0
nand Rt GRSy R BB PRl Rgton RE oI AR 19,74 halo

implangap lifusttlled 3N Pi@ioR B terdds td REUETED BEeSRoldBYoIRS e of the
i ntroduced as a first halo to its solid solubility and

targes sige doiey wiilesnaipCTinigg desteedwdd vobagaof hé warst cdsersize
.ex | e, a poron species, y he introduced until a
devigg, ?ﬁBW&Varf tﬁ% ﬁ?ﬂgﬁge CHEREOE Sf?éfffé fenppdeus gate lpagthsgae
: tes t ' . 8[ .+Fi gures 7 and how
ilustiel i, RepkaehPuivel) 368 ol g weﬂ&tnﬁ@iﬂ g boron
11-¥ppd AEasraNAld HakaacwENy dEALS d Wordh hieUkh
e %g?ﬁ devi ce. The g?lyohi cgltl§ reglr‘sgsogﬁé g%‘%lgnsé&gmage
currgrnitcostpaaed to hdarget ghtclengindetvinb ghantifferaredeirated worst-
i ng, devi ces, particularly the acceptable

ith f I cat
case il i‘f%lft&eg}%géffﬁleg%ﬁd@r 98 Age¢or oRdBr dbeatevieniBoyghtapworst-case
; Of I tign, a target £ | th i.s 70
devied BT ERT Bt Y RPe s PRt nfibis B st e o
desci@bétbterls to 30 tHe difePence 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
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inmplant, as illustrated in Figure 7, tends to redche
the threshold voltage of the 10 target siz

WO gU4{03%2+hi | e mai ntai ning the threshol d vol taé’gTélfszf’??@z””
wor st case size device. However, the |eakage current
effects for various gate Iengths are illustrated in

Figufre 8 R e istor
a graphfigl e oo ALy et it B b 1 taeis
devic%?"i ce, a worst-case gate length | eakage current

conpared to a target gate length device, the

di fference between worst 15 case and target is on
10030} he D theypretedinpairtailed Hed@iptin specfio gm hmhgkﬁrsts are

wor st -case device nay dominate the,tqtal

illustrated gincludingia dwal|halp deyicgof separgie Hum @’é‘g %PF&% jmplants.

d d diff
1t will anon B st St Vel TEOIREUERS Aptithen R 3y be made
theredd yriftfRlt ﬁg& hb ¥l thé plalep spait &ﬂ@sed&%’@ﬂhe%ﬁb@ﬂi@lﬂ as

wWor st - engt devi c tends to dom nate

set fdrﬁ@iiﬁﬂﬁe cldfns. For e>@uipleninditiearichbgrin dnplarés havebeen
dom nate drive current. Figures 9 and 10 il I

describéd fqpi aen Natypediaricas @diypeatoraasdr LbisCoRbINE réchat other
dopeioles Nty EY ke B30 Re DI RRNACEAD 3 SPHEAT Fnﬁgffeé multiple

halo)z gzgﬁ%r‘rg% X& ?o} ﬁggf%? I%l(a%ff c%ﬁ H{) ﬁ%ﬂ?&ﬂgsggﬂgt %?Bﬁopants

such B Aehid Ond %\%pﬁofdiﬁ;' Iﬁﬁﬂr b@ﬁhﬁ'@dﬁtﬂéd end rhaltigledalo process
devi ces for in one case with a i ndium

whertealffectdrmtohrasyblit nesliinitedhte, grive andrlealaagﬁ curgents| are jp be
(i ndi um and boron) hala devi ces.

WiBBH 7 REineVy L bRt ey in an
drive curr e at target gate |engths,
ﬂlus*ﬁ%%‘éﬁgaetﬂfl gi‘flh%&eesqﬁﬁ tgrﬁ Qér%eakage currents at target
gate lengths. Figure 11 shows WD 2004/032241
PCT/ US2003/ 029769 a graphi cal representation of drive
current versus | eakage current for a transistor

device. [0030] In the preceding detailed description,
speci fic enbodi nents are
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illustrated, including a dual halo device of separate
wol0fi4mqnd boron inplants. 5 It will, hoypuete, BEu20760

evi dent that various nodifications and changes nmay be

made thereto without departing fromthe broader

spirit and scope of the invention as set forth in the

claims. For exanple, indiQpABWE boron inplants have

been described for an N-type devices (P-type
Whatdpelairopd i$:t is contenplated that other dopants for

N-type devices may be introduced in a simlar manner

(e.g., nmultiple 10 hal o). Alternatively, for

1. P-ty%ﬂ&ﬁba%m'ﬁsihgz contenpl ated that N--type
dopant's “such as' ars€ni c and. phosphorous nmay be

| Nt r gepGatk b BramsiBedet ddlice Ratdigh aeaarl radiene ef fects
such as, but not |limted to, drive and |leakage
cur r éntpdaniing adirbehaloghtaitesthanfibkbregpaiandcat i on and

drawi_.ngs are, accordingly, 1o he regarded jn an
i |1 udbplaniag aa"@wﬁ dHaren f@@tmtq:ﬁ}e\réla@@ﬁ 1230 )
2004/ 032241 CLAI M5 What is clainmed is:

PCT/ US2003/ 029769 1. A net hod

2. CONDITiR M@thod of claim 1, whereth@h&iéthdlo bAprists hdium.
devi ce having a channel region;
inplanting a first halo into the channel region;and

i npl anting a second different halo into the channel
3. regi die metlpd of claim 2, whergindhpsenerntestian of theifirst halo in the

o3 B SR S AR, o

concentration of the first halo in the
substrate is in an anount equivalent to the solid

4, sol ulliHe rhgtinfd ohdatmB4wherein an amount of fHesetehd ddl®is
claim 3, wherein an anount 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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eI ect ed to achieve a | eakage current less than a?®
i mum | eakage current achi evable by inplanting onl

Wotz‘ﬂ’émﬂzr”st hal o. 5. The nethod of cl aitf4us2003/029769
wherein the second hal o conprises boron. 20
6. A nethod conprising: inplanting a first

hal o into a channel region of a transistor device; and
i npl anting a second different halo into the channe
10. regigmnﬁﬂh@@caﬁqummngsufficient to achieve a target
threshol d voltage for the device.
7. Therminghoplwhliey of resistgreoe; aﬁqh‘&‘érafcﬁf Aggordgto a targeted
ises indium 8. The nethod of claim7, wherein
8mfﬁﬁg§%bncentration of the first halo in the substrate

is i [
|l (P g g R rGPRAIKINET chehoict o of saeh dBhe pliglity of
transifieed hal o conprises boron, WO 2004/032241
PCT/ US2003/ 029769 10. A. nethod conprising: formng
a. plinpldntine atetorahbalktiote thechanmebmgiane a@dmoﬁﬂmgplurahty
to a targeted gate |length; inplanting a. fi rs
of trapgigfors incam ARwunt ég.ffyﬂe%qtogxggpgvgfa {aﬁgetaha\asch flyoitage fora

wordgrantekP e bt EhRt Bl R R0EreR i Relebe® T an

anount sufficient to achieve a target threshold
voltage for a worst case acceptable gate length from
11. the Thegattbdeft daimnf Whefdin the fifétéhale thogpriges dhdivm.
10, wherein the first halo conprises indium 12. The
met hod of claim 11, wherein the concentration. of the

12. ¢t VReORPE! obaes R ipithe grGRHRHIN thedire 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.
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1.3. The nethod of claim12, wherein the second hal o
pti,$eS boron. 14. An apparatus conpri si ng; .

wo g@g@%irz?)lge formed on a substrate; 20 a channerc?g%?@ﬁng%g
formed in the substrate bel ow the gate el ectrode and
bet ween contact points; a first halo inplant

17. conpiThsiapgasatizs 0f tlaspeld, vehdareirt the coheemezhtion gf dme fisstdalo in
a. second_hal o i npl ant _conprising a different_ segcond

the sybgigateds ithan RRNOWHHMEY aleliogthe spbd polubility ghingignys
of claim 14, wherein the first hal o conprises indium
16. The apparatus of claim 14, wherein the second hal o
conprises boron. 1.0 WD 2004/032241 PCT/ US2003/! 029769
17. The apparatus of claim15, wherein the
concentration of the first halo in the substrate is
in an anount equivalent to the solid solubility of
indiurn. Il
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