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| NDI UM BORON DUAL HALO | MPLANT FOR MOSFET BACKGROUND
BYQPW4433264D01] Circuit devices and nethods for HGHEH$SA03/029769
circuit devices. Background [0002] The field effect
transi stor (FET)is a common el enent of an integrated .
circuit such as a nultiprocessor or other circuit. The
transistor typically includes a source and drain
junction r f e
nd & 10 oot DMER RO AL AT IPERR TR ORWGSEEL
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 and RAGKEGRODABource and drain

junctions is generally referred to as a channel wth a
channel |ength being the distance between the source

drain junctions. 15 [0003] As noted above, nmany
transi stor devices are formed in a seniconductor

I&W Coﬁg?f‘: 1 r@% |m ﬁwﬁ%go gJ Fgult(ﬁ%b’écr??s are

[ ntroduced (e. g. , Inplanted) into the substrate.

BRe 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

[9092:t i oFhe Egldoeféech irmnbistors@ETisn vahindrhelenteas of an mtegrated
revi ously been fornmed as a P-ty onductivity

CHGRit SHFR apamyukinyagasser P%O‘E‘@F Sﬁcu{to@"ga]traﬂsw%e'ma&y includes

| |
S35 SE BB SFNEIT at ] B14 SR e
s s, et o e o S5l AN SIY PRy el
s distatee hed)weem &l sairee had dhrain jencfibovegions Withiri #irdsubstrate,

vol t age % app]ied to the gate 1
the reglon ) e st strate beneath the gate electrode and between the source and

S

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

conductlvﬂy 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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- electrode to forman inversion |layer of carriers in 3n MAR

PHR 2048331 . Thi s mi ni num anount -of - vol t age i s PCT/US2003/029769
generally referred to as a threshold voltage (V). ] '
(0005] In general, when fabricating nmultiple

ransi staors of simlar. size, it.is desjred.that a. . " R
eff@ﬂp%ﬁ o fioan aRdpkeisin BV RE of sartiersindBR Eha i h?\b‘%%ﬂém“m
crease 1 n response "gat e
l ength. O course, performance is often dictated by a

joasuCt | Rodrierall {bes fabﬁemigl)@uﬂﬁpg.traﬁsmomofsaﬂm isizg, it is

~nmore deviTes on a chip, etc.) that dom nates the |
. debired thatespaforhancsahatanetisicikethweshold vgltaga betsimilar

e e PSR 1o 2hep e fgreonse
tér ﬁ%@ltécieglss !%8 Lg"bg\ﬁﬂ.a@%éprsre(? Eﬁ"gﬁﬁn& | c?]e lgﬁ)gtreg gcpgtsaé%cg g’tv‘rj% éiuction n

| R sgfe[ gh%. f %)sﬂé% sﬁﬁf&ﬂﬁ%,%ofﬁ d&RE@La Ehﬂi}f\ﬁﬂ:.) that dominates

targete can significantly affect "the
thdobjetiived ofthe sgmicdiE)r prveedsing indstrtyhris patecklectrode

vol tage shoul d be constant over a ran?e of atie1 , .
lengths Approsshidimengiogeessdhan 180 ganometess (et what is seen is that

sl vl the? e SHsrerbTaea P0G, TR aigs! B & Small
C?%?%’%@ﬂ%ﬂﬁ? 8fefirb@n @éxfg%. )g{.e .gg%' 10dd5h &8t 8RR DM a

type neta sem conductor FETS -

t4EFERglh)pesh &g%ﬁgtgﬁggmmsmmh&mwvma@. oxi de

sem conductor F FETS) may be introduced under
the gate edges. Such _inplants are referred to as

[0098) o Icepllsinthe threshol@ppingeehadg deconstaas over papage of gate

L BT 3B bR PSS . To i
b Sl

o%%gﬁ%d‘t,ﬁoeﬂl&ﬁ:eé\%r{:ogg \%ﬁﬁéﬂ?ﬁ&@é}&ﬂ& goﬂa%‘ﬁ te)%t@ﬁﬁ r%h%ﬁi gPacceptable

e nal ntal ni ng res
gutd leagthspfocalle implshtedakgpaita P-eigd iadN-typo sthl dyigiecal
g‘ﬁal_o I pl aont s?flg?leN&FE S i ngjlfé?f boré%b_(e. g., boron .
semigomidastqreAFlg (MMOSRIYmnd Nty pesopantasindigpe gretal oxide

SERBSBURIE b (RS nity Risersed Hiiies 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 theé 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

incffium, tends to decrease the threshold voltage required to meet a given leakage
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particularly preferred dopant because the channel ofs

indiumforns a retrograde profile fromthe surface of 3 MAR 2007
woeoakaseze. Such a concentration profile wth PEFAEE3/029769

to indium tends to decrease the threshold voltage

required to neet a given leakage 2 3 o MAR 2007 WO

2004/ 032241 PCT/ US2003/ 029769 current (lff) in the :
cganené Elor) 1 Hhe device relabige ¢ adwsem doppniciyhirdedoefpnothame the same

<Al et O e By B G S Wi  Bate of

wWor st ca
ledlaigegarrimts, €Tligs, (6 taeget SmaliNel@bd etir@hts.&, 6atkesRdter of 40

SlsoRsitl il ek V06l o SRS Pt case

. (na) at device sizes lI'ess than 100 manonmeters (run)),

nangaingsi(np) atrdevife siaes lessithem Kifeenemeterr(gno,mbelo implant of
reacgh such targets. BRI'EF DESCRI PTI ON OF THE DRAW NGS
%@%W?HEQP%QEEFME $uch rggidvant ages of the
invention will become 10 nore thoroughly apparent
fromthe follow ng detail ed description, appended

cl ai nms, and acconpanyi ng drawi ngs in which: [0009]

Figure 1 shows a cross-sectional side view of a

portion of a GRIBEIDESCSRISIION ©FH THEUNRAIVENGISANSI st or
device having a first halo rnplant. [0010] Figure 2

shows the device of Figure 1 followi ng a second hal o
[9008] ant The featuies,1dsperisyand advanioges of dredpmention will become
repr.esent ation of hal o con tration in substrate
myeiedher maena{?{lt?fs?m&g@ Iolovig ffeéa%% SesarfpioR, appended
JAcIavy j 98% concentration for
CP-ty%g%%%gmé}ﬁnﬁg\%ﬁﬂﬁg%n : sﬁ%gtrate. [ 00131 Figure

5 shows a representative graph of threshold voltage _
(8085 Us Rgu?d1shpwsdonass-seapaniitavian of arpdtidnl dfedrcuit
substrate. [00141 Figure 6 shows a graphical

spgrats dngladinga sransisiiadevicehaving afsthslo infpleshol d

vol tage for P-type dopants.

[9010}  Figure 2 shows the device of Figure 1 following a second halo implant.

[0o11]  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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. [0015] Figure 7 'shows a graphi cal representation of . 3@ MARQ{}{]?

threshol d vol tage versus gate length for an NMOSFET
qEQ2BW/032248 0 MAR 2007 WD 2004/ 032241 PCT/US2003/029769
PCT/ US2003/ 029769 [0016] Figure 8 shows a graphi cal :
representati on of | eakage current versus gate |length

MOSFET 0017 ] 9 sh _ hi cal _
R et R NG TR T AR T T

0018] Fi 0 <h
) %ﬁégﬁ%?gﬁﬁﬁgggggéﬁﬁé [0018] Figure 10 shows a

ion of drive current versus gate
Il ength for a nunber of devices on a substrate. [0019]

[601gLT € Bibusd 9WhowrsH g@gﬂm&bﬂ réREGRRAGALE AMu@hbe df\devices ona
Cc .

current versus | eakag urrent for a transistor .-

. sulbstirate vetQusREaEAldrigBh DESCRI PTI ON [ 0020] As not ed above,

indiumis a preferred NMOSFET channel dopant (e.g.;
ecause its_retrograde concentration

al o dopant r
l@%} il eﬁggg%il&h?ws edephicahreprpsmiptien Pg ye gHgrent versus gate
' ' 1V E rents. Ho e for small er devices,
ITRARES pBIN b il an ARIBYSEe. o0 2 Rt o |

nanoneters or |ess, indiumalone as a 15 hal o dopant

[0 91 NaCKgRlaR] ShdRE @ﬁ*ﬁﬁ]ﬂcﬁl ferbsbnediPbt dfive cliffent versus
tends to prevent indlumfromdoping an NMOSFET
letkagaetirent fortd ghneislouglevievel to naintain reasonable
wor st - case | eakage currents. [0021] Figure 1 shows a
cross-sectional side view of a portion of a circuit
substrate having a transistor device fornmed thereon.
Structure 100 includes 20 substrate 110 of, for

exanpl e, a sem condtﬁﬁfhi@bggnﬁr%@@;gsem atively
silicon. Forned in in Figure 1
IS a transistor device. Representatively, the :
[aoeensi sAonotteValsrel, SndBArNMESelerré PNIDOSFE TR Hav @] as%ant (e.g-,
120. The transistor device i'ncludes gate el ectrode 130
haler depprghbedaese iisfrageguide 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 NMOGSFET, 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.

-4
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substrate 110 having gate length 170. The transi stor 30 MAR 2007
q‘%@o%%ﬂ%lz%g i ncl udes source 25 junction 140 and drain
0 0. In an NMOSFET, source junction 1Z6TARg003/029769

_junct

drain junction 150 are both N-type as typically is

gate el ectrode 130. Source 4 3 0 MAR 2007 WO

20640 PR HAIR 24 | U961 Ond 4.

Jti p i npl ant 1%%%%%@%&1@? %gp%%ér%@g éagagnélgr?é:%{ﬁ% Ag!f;@ged to gate
dlectyad el 30a(byctrr inaiplah8Pribbyo e forflatioh of S}g@ﬁertpmrﬁbﬁs 135). The

f‘ﬁjﬁmati,on of spacer portions 135). The ul k of source

bk of sewrcejunction 1 4Qsedigned $p apader portivan 35185 gate ejecteode 130

By S5 Raf ey PabefPontiy 135 e s oIS i junction 150

il A I : i,al 'L J teq.

i R fgh T tbsiaially ¥Rl o8 ot At BFEE 130G, F ightly-

dped didalin). UFTe bl df@@ajrguﬁbh&ﬁ‘ €50 Is%liﬁ?ﬁ%ﬁ@b%ﬁéé’és 985 on gate
ate electrode 130. [0022] Figure 1 also shows a

¢ateside 38 o i npl ant i n channel region 160 of
substrate 110. I n an enbodi nent where the transistor
for

| ce s an NVMOSEET, 10 fiyrst inplant 180 is, f
f@‘f@é | e#’lws i‘xﬂy?%sﬁ%ﬂ%s f %%L@%H}Pl%t inghssaelxegion 160 of
' QN i uch.as,indi umjons,. i nt
st RI0" I GAARRB0d kb e o Rt et is wR advpgrET,
fiomeinvelint 080 13} e JIE iatidia! E?a rr”; | l@f&}{
_operation after for téizolrﬁ&hc}?ﬂt;113{eal§§%:tn e gg%%%e g[l}?iby
ingodueng o dens sucvas melinhiens gatesibseetts 0tabe tift angle of,

as an i a,irrpl ant mask. 15 [0023] Figure-2 shows
R RARRIS APl - JPRE VG S mtpgire tsidialndsy inarvimplonsing

.190. N h
PeroREEARE SBhRbi h S Rt e oo hoftng s spangra) s that the
' j f l e, b
e e e e B S oni hal o 190 may

be introduced by inplantation according. to a simlar

[t08&hni Kiguae 2ishowts thaboutBie o BFigl@Afplibavihg ehekanpd@ tion of
s indium and second halo 190 is

where fir al o 180 |
5‘%?8&"6*_?#%? 130,70 - ﬁM@%@T FrrhaveeHrpERsentatively iwgere first halo
1804t drPiniA] QocldACLe8RE 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) Inthe Vekample 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 em®, 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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introducing first halo 180 into channel 120 of ° 39 Mﬁﬁ-%m

I substrate 110 to a solid solubility of indiumfor

WiQ 1084982249eneral | y 2E18 cnB. Fol | owi ng the PCT/US2003/629769
i nplantation of an indium species to the indiumsolid
solubility, a boron species is inplanted as second

W35er rviReakdyaubresent o it bER (e E5 hhs0) R jpaam

| gsaiésci%-inﬁpdhéec?% 6%k 1%%%1%3@”%"%}%1‘[‘(%% ﬁ%@ Red.

anount oron

| mh@eguw T00 inghides rmﬂoshdlﬁé REdHedd Iﬂﬁychamﬂ 120. nw&opants

2001 WD 2004/ 032241 PCT/ US2003/ 029769 [0025] In the
daburiteedeimobuieriadiymarid batonhsplecie e Itgs appreciated dhat qibey species

. of an i ndium species is |ntroduced and 0 hal o
W%@c‘éﬁﬂﬂﬁﬁﬂ% qug%;’ghqrg\IMQ QE}HSEEIQ S. n[n one example,

A AL U S o
D S 3P gt

tiEhbid oltdges daskapeadirrents anddirive taraetse ﬁ'ig.d'eEEEhows a
introduced to its solid solubility in the context of

graphicddeprrsentationgpithale eogcentraiiariia asiieen sbstate versus gate -

IR For e eledlad A Py (AP S S dR. Figiged shows

[ F I
concg%ﬁr att Egﬁfaiﬂjr% dga%gc? ?@é’%ﬁﬁﬂg%ﬁ?ﬁ%ﬁ&%@? 10 ng?,em jum
saieigiled ahflcafnsE hRficC dchiedk @E@d@ﬁfd@l@hk&ée&fﬁrr@ﬁt Fi
exanple, 40 nA. Figure 3 shows that as gate | eng h
1@1@5@@31:1@@]3@@019@)1@(1 capperdxativat &l ¥ silioon subgtratad Figure 3
saturat es ﬁnd cannot , al one, _achi eve the desired

demignsiyates ihpkhFongenigationarequgisddoanestay %lfa;ges%e«%m}rgﬁaﬂemem
(RIS EECL okl AR PR S £ e gretro

2Fedlkady current requirement 15 (e.g., 3E18 chB) IS
greater than the indiumsolid sol ubi I ity (e.g., on the
order of 2E18 cnB). [0026] Figure 5 shows a graphl cal
[002¢) es dFigure Bshows rgrephidal represengetior pé 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/pm). 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 (Los) for a worst-case gate length device is, for example, 100

‘nanoamps/m, where a target gate length is, for example, 60 nanometers, an

‘indium spgcies may be introduced as a first halo to its solid solubility and a -

.6
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‘ representatlons aSSOCIate

_prior art indi

, dopant concentration. Figure 5 denonstrates that at 30 MAR 2007

olubility, indium saturates. Figure 6
\ﬁﬁzcﬁﬂ g“grapm cal representation of |eakage cRfff/BFR003/029769

versus 20 threshold voltage. Figure 6 denonstrates
that at its solid solubility, indiumagain saturates
fRofld haldo 0 £i§é}ﬁé§
respect t of Ifgrc%fagﬁ/ﬁr? ga tb é?%}et r gﬁﬁ M IB(;thﬁBtla gg%%w“%@ 2 thIEShOId
voltags: reiqeidedde sapposithe ledkaga ddirien® Radstatizhedi npl ant
in addltlontoahaI0|anant i ncl uding an indium
i s used. shown in Figure 5 and Figure 6,

eci es
@8 Bl condigues 7, W %ﬁ]ﬂo‘c’fgrapblgﬂbwpgwmaémmws@ﬁaﬂ@d with
e tar et threshold. v Lﬁlta e .and

@?%%’?3 VEuR “'a%se fﬁﬁéﬂge UNERBAPT RSBk lepgthedevice. The
I
Gephlat RpeRRi RO Bhi-0ak tidhaflifMRiie $ifafce S0 with

| ﬂabmcmagrﬁbe;;:é@@arﬁ@ﬂaﬁwﬁé afde é%—aﬁaﬁéﬁgﬁ{ %%‘%tl&gth

| ength 1.s, for exanple; 60 nahoneters,
%@ﬁ@ﬁ@ﬁaﬁﬁdybbrlmpommmﬂm att ’c atteclem isQ0i d

soI ubi lit 6 3 fl MAR 2907 WO 2004/ 03224
RSS2 86 watstsAt: Satedongth drotheaxdappbL0qm. A halo

| ﬂ%g{t age rﬁgiq(gl%rtee F%’ﬁﬁgg “*‘11‘%???8 1?@%@@%&‘8’%{1"? age of the

tefped bizesitethe Wwhile ﬁlalﬁ‘ceﬁﬂﬁ-l ﬁf&hﬁld;ikﬁ%%rcgo Ne Gdrst case size

ages

devirel &idm’geen; the leakagé amranmﬁfédt@fdraiarm% %ak@lé& s are

Lﬂew ce.. .The 8graphl cal representations | ustrate
eratad in Kigureig, Reryesentativelyafwdbe prisd avk indium halo and boron

AP e Ry BRroR Biolh ashieed st e ipic leisth leakage
cltepe S.@@ip@fec?%pé ?e[i%&‘c g;ﬁe Cc%?éceg ﬁ%eedifgggrﬁ% ﬁesm{eﬁlél worst-

nanoneters (nm
cajedand Girgetlio onrthe Artet of a fdmi:r&ﬁﬂw huds) é\bt%{ fitfugth & Worst-case
ure 7, tends to reduce the threshol d vol tage of the

dfﬁlgcﬁ g togyinate dho tetal lgaknge aatrenpianimbiple batchdesibe bdch as
However, the

g)érLage eglg? & Tht Lgles%‘ﬁ erSFSIIC'?Z/ ?‘r"’g"te%‘l @lﬁtl%al‘{aﬁﬁg:ilﬁ%efﬁrf@l a worst-
cadd disiiécdRila tdkolt ALY Re By, REALESADEAUY Eltrol F v dl®

m hal o

[0629] Although a worst-case gate length device tends to dominate leakage

current, the target devices tend to dominate drive cuzrent. Figures 9 and 10

jllustrate 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 w1t_h 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 Iengths Flgure 11 shows
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. wel | -type (indiun1halo/boron wel ) device, a ° 30 MAR 2007

wor st -case gate length | eakage current conpared to a
VO ded/033de | engt h device, the difference bet weRQT/US2003/029769
wor st 15 case and target is on the order of a factor
of 10. Thus, even though a worst-case device nay :
dom pate the total | eakage current, ul ti Ie.h?lo_ .
agpphicabippResentatien of dHEE CHESHE VU ecpgrent for a transistor
4¥'fference bet ween the | eakage current for a worst-

"device and a target device by, representatively,

'a factor of two. [0029] Although a worst-case gate

th geniecs oniaatist i s,
(&)Y H%e&éﬁ%@%@ﬁg%@éﬂ%ﬁ%&ﬁhbﬁ%a &abediments.are

t he target nate drive current.

. Fugated, i&chﬁlin%a dudl lhats datiee af saparatel indhahardkboren implants.

such as described above and a prior art sing]e

Thutild/ hovevenies evident that varigus snodifigatigngand changes may be made

BSOSV LTt S 1E, Wi
s??féﬁﬁ{ *r?%!e)ﬁleﬁms? %Idre?cg_ﬁ'gcgg,t iﬁgﬁjég antl t%f?gtrigrr‘%ééﬂﬁvlﬁv% been

ypl ca rrve curreén Vi ces , 251n
RBETBAS for\int - Fb@ﬂb@slﬂﬁl@f)@ dopantek! It i@sonteniplatent ihat other
art and, as nulftiple (indiumand boron) hal o devices. .
deipgniefor N-$jedevices naydbenimittcduiced (h agimitannthnnss (e g) multiple
hal o devi ces tend to have higher drive curyent t
haiq)g dhlteyppbvelyn s tyrederiges ikip eynm@amcgﬁwﬁ-&%aepm
currents at target .gate |lengihs. Figure
sHehRRRsSnR ansEr Bt Gs s oS og g R talo Process

VWhARNGRs SiEREE G RSt 18AitRH 18 dre St [@khgl RTiBiGits are to be
| eakage current for a transistor device. [00301 In

- dptenjzedc Ttiesgecifitaiidr dndekawingd ae, aspedirfgly, to be regarded inan

.enbodinents are illustrated, including a dual halo
ibastratevesrathethanaaresHintivg 8R8e-bor on i npl ants. 5 It
will, however, .be evident that various nodifications

and changes may be made thereto wi thout departing from
the broader spirit and scope of the invention as set
forth in the clains. For exanple, indiumand boron

i nmplants have been described for an N-type devices

- (P-type dopants). It is contenplated that other




~dopants for N-type devices nmay be introduced in a
simlar manner (e.g., multiple 10 hal o).

Al ternatively, for P-type devices, it is contenpl ated
that N-type dopants such as arsenic and phosphorous
may be introduced in a nmultiple halo process where
effects such as, but not |imted to, drive and | eakage

currents are to be optimzed. The specificat '39%8‘5192007
drawi ngs are, accordingly, to be regarded in

THE ¢LApssrative rather than a restrictive sense. 8 30
March 2007 THE CLAIMS 1. A nethod conprising: formng

r I . transistor devices having a plurality
1. A@Pmoﬁa(%neé%' jions according to a target gate |ength;

formirigng pamalin gf tahdister dbdtes hating b ipturalitgrofehatediregisns according
V\,herelnlt concentration of the first halo in the
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4. The method of claim 3, wherein the second halo comprises boron.

5. A method comprising:

implanting a first halo into a plurality of channel regions of a plurality of transistor
devices formed according to a target gate length, wherein the concentration of the first
. halo in the channel regions is in an amount equivalent to the solid solubility of a material
for the first halo in a material for the channel regions; and

implanting a second differeht halo into the channel regions in an amount sufficient to
 achieve a target threshold voltage for the devices, wherein the target gate length is
~greater than a worst case acceptable gate length for the transistors, and a

_ 'target drive current for the target gate length is less than a target drive current for the

worst case acceptable gate length.
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9. The method of claim 8, wherein the first halo comprises indium.
10. The method of claim 8, wherein the second halo comprises boron.

~11. An apparatus comprising:
a plurality of gate electrodes formed on a substrate according to a target gate length;
a plurality of channel regions formed in the substrate below the gate electrodes and
between contact points; ' |

~a first halo implant comprising a first species in the channel regions, wherein the
* concentration of the first halo in the channel regions is in an amount equiv'alent to the

- solid solubility of a material for the first halo in a material for the channel regions; and
a second halo implant comprising a different second species in the channel. regions,

wherein the target gate length is greater than a worst case acceptable gate length for
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11. An apparatus conprising: a plurality of gate
el ectrodes forned on a substrate according to a target
gate length; a plurality of channel regions formed in
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16. The method of claim 8, wherein implanting the first halo into the channel regions is

at a tilt angular range of approximately 25° to approximately 30°.
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