| NTEGRATED CI RCUI T SYSTEM FOR SUPPRESSI NG SHORT
CHANNEL EFFECTS TECHNI CAL FI ELD [0001] The present
invention relates generally to integrated circuits,
and nore particularly to an integrated circuit system
for suppressing short channel effects. BACKGROUND ART
[0002] Integrated circuits find application in many of
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conputers, etc. Integrated circuits may include a
conbi nati on of a&ﬂ@%ﬁ@ﬂ@‘é@EL@E@EQ Sdevi ces and
their interconnections. [0003] Active devices are
typically conprised by netal -oxide-sem conduct or
field-effect transistor (MOSFET) devices, which
generally include a %ﬁﬁhﬁﬁﬂﬂ&?%ﬁ@LﬁUbStrate’ havi ng a

source, a drain; and a channe ocat ed bet ween the

drain A tack conposed of conducti ve.
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channel . During operation, an inversion, |layer fornms a

conducting bridge or "channel" between the source and

drain when a voltage is applied to the gate. Both

p- channel and n-chanﬁéﬁmﬁgﬁﬁﬁﬁﬂ?é@ﬂhologies are

avai | abl e and can be conbined on a single substrate in
[0002p nEntegeted sirogiys fimdhppdntation in many of today’s consumer electronics, such as

onpl enent ar y- net al - oxi de-semni conductor or CMOS.
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. for the sem conductor industry. Size reduction of
ntercpieepens- parts of a MOSFET has lead to inprovenents in
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transidtie(\WOSFET) idedichs sviifte gendpaliyeinelhde fadsenfibstducob 3h@late, having a
effects have becone a nagor desi gna probl em due to t he

source, @qlfein; #i 3 Rhagingklogpted hetwar éhq somgrerandidaninarA @aigtsedcly composed
i p: i.ons f i or.atj or . :
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locatet! didlectbf abhdve theklarinep| Boting upahtien, ah ithesiso lyee f@hd a conducting

bridgeg&arg!ggp{x% ’g’ttéét\gggl 11’&12%%&%% larhqu] églﬁxgglggrg ajvglr'gz(i:gel i(s) r'clpplied to the gate. Both

p-channel and n-channel MOSFET technologies are available and can be combined on a

single substrate in one technology, called complementary-metal-oxide-semiconductor or
CMOS.

[0004] Scaling of the MOSFET, whether by itself or in a CMOS configuration, has become
a major challenge for the semiconductor industry. Size reduction of the integral parts of a
MOSFET has lead to improvements in device operation speed and packing density, but size
reduction has its limits. For example, as scaling of the MOSFET reaches the submicron era,
short channel effects have become a major design problem due to the reduction in size of the
gate length. Unfortunately, design solutions for ameliorating the short channel effect, such as
the halo implant, commonly form the tail of the halo implant outside of the source and drain

junction, thereby increasing junction capacitance and junction leakage.



100051 Thus, a need still remains for a reliable
integrated circuit system and nethod of fabrication;
wherein the integrated circuit systemincludes a

hi ghl y- doped and abrupt source/drain extension and a
hi ghl y confi ned/ abrupt hal o regi on desi gned to

uppress short. channel. eff w. of .
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even greater urgency to the critical necessity that
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| ong el uded those skilled in the at DI SCLOSURE OF THE
found, tRUERTPONIeIB007] The present invention provides an
n C
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sp. a second liner, and a second spacer adjacent
thoset*ﬁ‘@ %H{f@e Florni ng a mat eri al | ayer over the integrated
circuit system form ng an openi ng between the
material |ayer and the first spacer by renoving a

portion of the pRcroIREDETHE NS ERTIG spacer, and
t he second liner to expose the substrate; and form ng
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reference to the acconpa ying draw ngs
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exposgRERubHe AP oHnBE S Sl R EhTeh Shi S Wi SBGF Throveh the
openiAf) enbodl mant of the present invention; 100101 FIG 2

IS the structure of FIG | after farther processing;

[0008] 0 ettainRinthodBnénds phiednyanspy havedthey agpegts gf dddition to or in place of

those m&%‘%néd 52, rﬁiteearspea}:lts W?ﬁ/ Become apparent to those skilled in the art from a

reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with an embodiment of the present invention;

[0010] FIG. 2 is the structure of FIG. 1 after further processing;

[0011] FIG. 3 is the structure of FIG. 2 after depositing a material layer;

[0012] FIG. 4 is the structure of FIG. 3 after etching a material layer;



[0012] FIG 4 is the structure of FIG 3 after etching
a material layer; 100131 FIG 5 is the structure of
FIG 4 after further processing; 100141 FIG 6 is the
structure of FIG 5 after formation. of a source/drain
ext ensi onand/ or halo region; [0015] FIG 7 is the

t ture of F ter. f ' a third spacer;
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chart of an integrated circuit systemfor an
halo regipgrated circuit system in accordance with an

[ , lenvent | - FOR.
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enabl e those skilled in the art to make and use the .
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in acc%‘lﬁﬁ WRRGLS ciiBbkith Aeo Sk gﬁf&&ﬁﬁ%ﬁoﬁn the present

I sclosure, and that process or nechani cal changes may

be nmade wi thout departing fromthe scope of the

present invention.
BEST MODE FOR CARRYING OUT THE INVENTION

[0018] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that process or mechanical changes may be
made without departing from the scope of the present invention.

[0019] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0020] Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing FIGS. Additionally, where multiple embodiments
are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0021] The term ‘“horizontal” as used herein is defined as a plane parallel to the
conventional plane or surface of the substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
“on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
“upper”, “over”, and “under”, are defined with respect to the horizontal plane.

[0022] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0023] The term “on” is used herein to mean there is direct contact among elements.
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f0019] in the follow ng description, numerous specific
details are given to provide a thorough understandi ng
of the invention. However, it will be apparent that
the invention may be practiced wi thout these specific
details. In order to avoid obscuring the present
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configurations, and process steps are not disclosed in
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exaggerated in the drawing FIGS, Additionally, where
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enbodi ment descri bed hereln as an 'exanple" or as
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scope'd?Yl‘Fé;Sﬂe&gn 99@&] The term ' systemf as used herein
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ers to the nmethod and to the apparatus of
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in mhlch termis u 002 nerally, the, .
disclosgfe Tagy #g hudf eSO B B e HeGs fus b Groeyige structres)
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a critical dinension of 45 nanoneters and Iess)
fin-FET, or an annular gate transistor. Furthermore, it is to be understood that one or more of
the integrated circuit system could be prepared at one time on a medium, which could be

separated into individual or multiple integrated circuit assemblies at a later stage of

fabrication.



[0028] FIGS. 1-8, which follow depict by way of

exanple and not by limtation, an exenplary process

flow for the formation of an integrated circuit system

and they are not to be construed as limting It is to

be understood that a plurality of con.ventional
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| ect r,ode. lary.illustrations may include a
methofs GRuHIdRd oo SEPULICEITR ALPLTE RS FRERRS 5! S ATPrHiS
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circuifshffigital (pignab pragasser pPEPeTRNESy IEetgel egtiomAchaniga ¢epinoaents, optical

scosofl b, 4 3858, DML Bk B2 TFRGEGH IR sy e
neededectional view of an integrated circuit system 100 in

an_initial_ stage of rranufgcture i n accordance vvith(ﬁn o
10032§ k5w bAiTeRs Prasvk dgvicreHta 6. be faraghpyer, on and/or within a
' t LAt (of it S :
s RSN, S ol SR, CHSHih ALBIMAMEDY e crcting
technigu¢s keovdevn dlee 4602icomincton rpgoqasing dodwetryyfor mlod uheufdeEfe of active
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such Resunrger strodi/Siatl sihe,ass, v deyA § enl AdhérSIiMPtor 1/VI compound
limted to the preceding exanples and may i nclude any

semicondugtars,ofs wall tas-selieotoneideuldiov icoas gumtigusi c Addhienally, rtbesubstrate

fl ow.ng be en t specified electrqodes is..controlled, .
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~ described herein are presented for form ng doped. o
orientatgqyish ryghigl ey dtstratggigally agibloyga te optimizetcareer mapality within NFET
. be used to foi in doped regions adjacent
and/o{]%ﬁ]gﬁgg\ﬁu per of gate structur esl.O 1003£131 Mor ekoer, it
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og cdnponent ed-si gnal conponents, power
limitirgparpbthe rbmposiddi of fhreesgberaty 1(RBay codpdmnent matesalg confifRration, or
CMOS circuits), digjtal sigial processor conponents,
m cro- el ectronechani cal conponents, optical sensor
conponents. and so forth, in numerous configurations
and arrangenments as may he eded. 100321 In sone
enbodi nents, the active device 102 can be forned over,
on and/or within a substrate 104 by conventi ona
deposition, patterning, photolithonphy, and etching
techni ques known in the sem conductor processing




t hi ckness that physically and electrically enables the
fouitat On of active and/ or passive device structures.
[0035] ID general, the active device 102 includes a
gate 106, a gate dielectric 108; a channel 110, a
first liner 112, and a first spacer 114, 100361 In
ik QTEPTROULIR I cFiGRY okt TRY S RRTBC A apr pusive
deViceSﬂﬂjctlmeﬂjuctl ng materials (such as, for exanple,
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110, aeﬂ&éﬁme?lli”b‘ﬁdgfﬁr&s%@ér%h” c 108 may be made from

materials including, but not limited to, silicon
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However, it I's to be understood that the type of
examp’rat éﬁhp xlate ditlegtin 1P3mayhkee @ad@ ﬁenemé@ﬂahs dndpgng,sbusgpt limited to,
sﬂlcora Oélldg,c?l},lfo&l ngutﬁ,a ?e:q)ﬁﬁlal ncﬁe a 5111 ereg%g lltlﬁﬂdtey%gdre?n&%& a high-k
dielectrihetetiginG.ef, ode Ei\&ﬁg@ didlbdlﬁkec&f@&ﬁﬂeélué- é&atbhﬁﬁn&ﬂlcon oxide), or a
appropriate voltage is applied to the gate 1.
combingiget theﬂfglf yHowerey itiataebq wnderstogyd Gat fﬂ?ﬁ$ fmwlﬁbosen for the
gate d&)&g&ﬁc 25 x?({q 1 nﬂtetéipg t?%gb(wér xtgﬁ fesS forrléggﬁ{ E)féstherE%’e @lél%&nc 108
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3000 Bﬁg%fPoﬁ’is%ﬁ%é hGclREEHF ﬁfesga%lﬁiéle%ﬁ-lcamso?é'%@wecﬁ z{Bohf i $l@ngstroms
or a conbi nation thereof,” but preferably includes

and alsiut 56 angdioms. déowdftve lafger ot smallﬁ_a; thickiesecs ot itiee gabe he@ansythe gate
dielec?rbc?lﬁif{qxgl%% Bglgp{)fgﬁlg? I glu e%)éiluign(gth Hnd H}glgp ggtm@%agl(glpls ot &g qictive device

102. deposition and ther rral oxi dat i on, [0039! in sone

enbodi nents, the first liner 112 can be farned by
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ax d

or a cpREREgn Aisetnn T ERR RIS o5y MR THfe A} tiner 112 can be
formet bybe vikiel ¢ M&whﬁlqhbs?}tmélh@lng,\/ﬁlﬁ 10t lietedr toatisendoa vapbéhagposition,

chosen for the formation of the first liner 112 is not
physigal yppadlepesitioreandyboanad oxidstie’ and may i ncl ude any
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rouss [ S eABC AR A e AR TN T) by bR AT Bh of e gatc 106
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i ncl ude _a thickness rangin rom,about 20 an ms to
first 1B 2 SHOWRYEC &m0 PoRoAry s tB‘Fé}Slé%%"z A8 30 Tisghod chosen

for th@ PS8 AD 1R ARPYHAer 120;s not limited to the above examples and may include

any material and method that permits the formation of a gate sidewall structure that

electrically isolates the gate 106.
[0040] Generally, the first liner 112 may include a thickness ranging from about 20

angstroms to about 50 angstroms for a growth process and about 50 angstroms to about 150



angstrons for a deposition process. However, it is to
be understood that the thickness of the first |iner
112 may vary with the design specifications of the
active device 102. For exanple, the thickness of the
first liner 112 may vary with the desired placenent of
r
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the first spacer 114 can be forned by deposition of a
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varie % RIRRRER: B kbR 4Bt B 9O bl e pivsical
qunagpaﬁgax the -first liner 112 and the gate 106.
ver, it is to be understood that the tg
[0042h| én eothe pEbadienenis Hsdishwsesr Fldrcanthe fanesh bﬁeRﬁSIttoﬁé)f a nitride

S ern-l | I t

ovr S S BRRgE s 5, 2 A AL RN a1

folloviddeby o ﬁﬂitsd)t@dplé)’étch tg dbien Shedﬁmﬁbﬁacsi t LE hdjheent ket first liner 112 and
exhibits a high etch selectivity with. res

pe
the gae dB%d Hovsaer, ztole to &¢ upflesstopd thay o fyPedd é@amaﬁs al@fﬁ@ethod chosen
|
e GBI OS5t ) e
any miageriab ambmmme rtisdt ornitsthb f¢rh&1t1bh |ofmgees1dﬂwaursautﬁure;mat exhibits a

r 114 vary wth t eci fications of
high qt‘ﬁ"esei??fwméwd yFﬁ’@‘:él/t@? Se?iH’rd ﬁ'&) é’r}Fﬁﬁ ft hi ckness of

[0043) h%eﬁé{aﬁ% #Heagkt s %&é&r MBY ¥ay YinWuld of ﬁﬁcl&ﬁ%%' fzﬁl%mg from about 50
| acenment” of the halo reg |on 602 and/or th

angstwmsrto ebdutal 59 angsieorss. oHo@@@er fto®totbe und@sm@d that the thickness of the

nmbodij t ti t 116,
ot R L PS03 1 RBe St 10 P Y 2efeg 102 or
examf)l% ohatigciatdé 6f ths ERASBARr | hemagvhMewilie vHeCRsit&@Pplhé@iRnt of the halo
ther structures. For purposes of illustration, the
region éQﬁ atd/@rthesmueq/@rram axt@siyodPe made from a di electric
[0044&3# L F?m% §m§§ h n%ae‘?lts; Pllaglsc gatlotnhsgrrugglﬁe Ii ISOS S ﬁghv\%]s ¢ %12291%%&] trench isolation

structite] b&d eleeriodllyHsG@atd andf dresepiratet the cipveod@ss 102 from @dIBtructures.
enbodlnents the second |1 ner 200 and a second spacer
For ppgpseanf HBustatiged thedjsatenn. smeiugatld o 108y disdmady gaielectric

matersy a%'sﬁfé’(‘ﬁldl ﬁ@%@)@ »that will be renoved by a
subsequen et ch it exposes a portion of the
[00455 uB=fertihg nbbA td FIGS Q[ theeein pis chewai thg. stcmoe aif FJGy,1 after further

is to_be understopod th t the thickness of each of t
processiisondn FPRErCTIIU TR e SSETENRE pARMDD 50 eiRiger 502 can be

formeﬂpaggbctnlﬁethg %&b M98 ajdl £ t:t §s'1ﬁ1n%ﬁ9 QR aR %Jclefmhﬁlfwﬂlm’e removed by
trate f in general, the second |iner
a subﬂdalﬁlenB ettly piapathlaty eimrsnsed poftien whtler FeistrateatOdc fon foether processing,

Accof g A S PRGSO L8 LR Bl

second @PaceRNoN ﬁeﬂeﬂﬂﬂﬁﬁoﬂc the Medredi @leCfitthd SxphBEEPdreibn oS theRuBsirate 104.
an oxi de, nitride, or a conbination thereof, but

preferably |ncludes silicon dioxide. The second Iiner
200 can be forned by a variety of techniques,
including, but not Iimted to, chem cal vapor
deposition, physical vapor déposition and then al

oxi dation. [0047] In sone enbodi nents, the second
liner 200 may include a | ow tenperature oxide film (e
g, an oxide deposited by reacting share with either




[00481 In sonme enbodi nents, the second Iiner 200 may
i ncl ude a thickness rangi ng fromabout 50 angstrons to
about 200 angstroms. However, it is to be understood
that the thickness of the second |iner 200 may vary
with the design specifications of the active device
[0046%0% ReraEXAERES N hert DOE kN @FsicAly tdiRi1e8 e0NGndtériBIthat can be
00 may depend upon its ability to act as an etch stop
select]vgipeetclindrwitigrespest teetirevidterofl of e fyelcpaekrdpac By vao D! ek#aple, the

secon 3 B S sP SOH BP0 R U 08 A, o

combRAB60khek i, BRUSEREADIRintIe¥¢E 8lfoanii®hde. bt Re@hdAider 260 can be
[ 00491 Subsequent to depositing the dielectric

formeddtyet Vaiety ivAtcchigps irpedisgclyndiof lindied 2aocheppel yaras sigposition,
. ) . epositing and etching a
phymgﬁgﬁégféﬁc1ﬁ§%g@ﬁg%8%%§ u@%mgn oxide, a nitride, or a
[0047¢ oMb kfraé icatdotimesnefthd secbad ninkh206 ecyndclafaadow2e@petature oxide
general , the second spacer, 202 i s typically forned of
film (& g Pida depRaitedcibrepelingetivne Wit §ithist eresnupiTUs @8t carbon
dioxidet (BipefRlyR RlosP by R0% ¢ 1Y plfia] ecttm e REER S ver tho gate
106, ihecfinstiling; 1hutthadirst spaceredi4,0andc hdingenalportaperof the substrate 104.
deposi ti on and physjc vapor. deposition. [0050 n
Howeygid! D OaRerEEod thee etk PE PTG z%fgg?fg&%miomﬁﬁ%d SISm0
the seBbid 1iflg JRYEnmolBRAEH S theOMB e tRANSIBS A nlal RENuEOSh YN atlrial and
| ow pressure chem cal vapor deposition (1,2CVD) or
deposjticasmethed tien pehitsiselvicted revaypal ofidp ssioniddmeyf FHCVD) exposure of the
techpi gue. In. other, enbodi nents,, the secon spacer
substrgiol e i P LB P REI e MOROr B da e RRGSHiood that e
etch sEPPPBich SRS séddBd 3REOLPE L8 pet@mit @itRer dr € or subsequent to
thei mal Chem cal vapor deposition (RTOVD) nethod.
the forpeieareef, the secord sprcbe2(Znder st ood that the type of
erial arid. deposition metho hosen . t .
0048 TR 680t TR the 1 RBaTF oY PaS M VA LL 4 ERES fibing from

about Y ahf&touchetod BYouTEX(®r hddstrafd. dejoesived, an isred bedurdbatood that the
__permts selective renmmval of M sccond sgacer 202 with ]
thickneag pletbe seepnd haes 2Rbmay Vevevith 0t destensrpescationgpl thgactive device

02 SEE UL B R 0B RREDh ORI SHO A o

an etdhrmbplb tsenditing Reassorangi thg sécont sphaw 2020Me alegisddr dmsof the area
to about 500 angstrons at iits interface with the

eXposge OBriae FiuTERLe28G. desinedl plasergnpe! B élé?’s%]aa_qoﬁ gpd/or the

sourc%/Exeaiﬁ Q&t&&?&?éoc%?ﬁﬂﬁﬁépeﬁd spacer 202 may vary with

e design speéifications of the active device 102.
[0049F0Subseanpitetp depsitiny thk nédectoé madteriad ded donssghe eecofd 2iner 200, the
de d upon_the. desired.size of the area .expgse
secong 456 005U o D Y CEOERE b S aBErE Er BAea such as an
oxideS QUfi&RIL db Ak RoBhatiBRdh&Eot RE 16ies e sbcBh@cpIRNLORSf 1h %@neral, the
hal o regi on 602 and/or the source/drain extension 600.

seconfl 6p&2} 203 isrtypicdafvomed of henaseredh that epn Whbadertivelyratched avith respect

second liner 200..ca e perforned either QL _to.Qr .
to te3TGRARIALS FosotRESE oL (T B aCetaria e auadgn variety of
technigile$ UgBludRSEe Hut e 1M R, aemScdl habof depasitidhe as®@diidcal vapor
['1ner 200 and the second spacer 202 may I nclude a

depostfigigl e step etch process O a nultiple step etch
[0050}? " 9% $33e embodiments, the second spacer 202 may include a nitride layer deposited

over the second liner 200 by a low pressure chemical vapor deposition (LPCVD) or plasma

enhanced chemical vapor deposition (PECVD) technique. In other embodiments, the second



[ 0053] Subsequent Mfeinting the second |iner 200 and
the second spacer 202, the source/drain 204 can he
termed within the substrate 104. In sonme enbodi nents
the source/drain 204 can be aligned to the second
spacer 202. in general, the source/drain 204 may be
spacef 002 REhyWhbie c}ﬁf@fefdﬁw fHhle| 081 trRlREa @b%ﬁ%v@pﬂ%&szbdﬁﬁi\'ﬁner 200

~and about 70 keV and a dose between about | x1 o
via ajrgpisl dmmalochgpoesd vapsi da®sitions(RefPY DHowghad | Haargyer, ibrs to be
L.er I gi nd, d S he_.use pendi nd . upon
underfR4 U6 0 O ERARRR AR EalB RSP DR lelsitR fhacer 202
is notalérhited® telehel dvd @Ramples afd htrybigcluae ah$ el hatl depssition method
inmpurities used to formthe source/drain 204 ma

b
that propifhEelestivp rempe] of disessarmigsrarett 12 Widh reseedde H&yseégnﬁe@ler 200
’ ; Cp! . 5

el ML S, ERA USRo) 2By MERMBK S0 P, vPe

[00511 oimEmge thdodiaiehsefldrsatond2Pdeer 202 anaemkcludt @phichinesb eanging from
perfornmed to electrically activate the dopants mﬁtﬁin

about 30 apgsiroms gy shogt P9 angstgpms @hals JBisFiaes AHy Heogsagnd fiper 200.

However, t1toifs1 epdl SRRl tﬁ@&hif: sEbf 'tﬁ@FTc%hg @?W 2(')?191|a¥ I8ry with the
any thermal process that electrically activates the

designl opemficatiang loif the hativacdavice HBvi Eer ef@nplsutie thxkaessayi te second

t mal anneal , a spj ke anneal. .and/or a | aser.  anneal .
spacet QEEYATAPR B 15 opred S7 6T B SRUEKRITD AT (Ha oA 104, the
desirefﬁ_cﬂm‘leﬁfeﬁt ot hiskOes&aes20Y, abd6r fHe'dRbirdd O%I%e d@of {Ha&alo region 602

irst spacer 114, the second liner 2 and the secon
and/os{hgcevrce@raimaytcneered®i.ne, at |east in part, the

ogation, of the hal,o reqgi,0o 02 d/ or the
100520 063 R vl SREl BHS a0t [bsare AEPBP )Rt Kb g be performed
eitherMrfor t8.or tsiSdeqidht itS tiEh DMt of freleboi®spicer (3. B afch@ases, the
epositing a material |ayer 300. In sone enbodi nents, _
etch process that &rmgithe sspend Boer nidib¢ serendnpaqso AP orayfiaelpgd a single
[ ' I Jrent the material |ayer 300
step e{r%l)})q:g%eg%ﬁéﬁlgﬁ{ é%&?fgtgﬁgrocﬁlssgh density plasm &noshed
[0053pxBdBseqlénty®t f@bhlieg thehediniemhss 20Deadtiey isadonday@icer 202, the
300. may include any type of grown or deposited oxide

source/grat toPecoEmeh evidhinsthe apuestiade e/ dp Jome gabadiments the
. i t i p 7 .
soucd R 01 P SLOSESPLASES SR 3120 AIURTA B 20
may eviormet evidoan depldnation 204 gandtwiea dgaue 1REOG andyeboanfekeV and a
i n thickness 6{onk?boyt n ag[onf t,0 gabout 500

00
dose bweeh ARRAARAD pAPEY BRs1OGi0OhoX [Hat TS | /@Y evspofareer or smaller

f.or r e dads 2 t: C
cnfL R RIS oo SRR RS, 20000 gy 05000 38CHt asi
specifafations @0ibe actgst devive. 1 0R00G8 o Bowedastood that thetimpgties used to form

, under st t hat the above descri bed terials,.
the solfReilsTa 28 sbAS i imsc s TS i PR b i gpformed (e,
type ihﬁﬁﬁﬁeﬁ@)@ aRNB091deR8 8 pape WhRkities fdr IFNDRHevice).t hat

the material |ayer 300 pernits selective exposure of
[0054] h8ubsequerd tepateing2e sopese/detis g an vinpem utteregpro e mgrformed to
electntﬁgl?}é rgé’tlgvgléelt%g Vd\/%{)]agltﬁt:{]v 1811%,% %ﬁ[{evgre elp{p(ﬁeégg ﬁ%%g gfegsé)urce/drain 204). Itis

to beSindésstavdettaf tid @nnedl atdpemagtiabiudg dnhethemhrpratesk ay@r electrically
300, In sone enbaodi ments, the material |ayer 300 can

activagss the fepads MitiR ga‘pegctitvpiéfegigg afa. §‘|b7é?c§ra pand kglgprmal anneal, a spike
Vi nmet hods sel ective to the conposition.

anneag%ﬁﬂt/%eé %g?rgaﬁiaL | ayer 300. For exanple, the materi al
| ayer 300 can be etched by eonnnon wet or dry etch
chem stries. However, it is to be understood that the
type of etch chem stry used to etch the material |ayer
300 is not essential, what is inportant is that the
material |ayer 300 is renovgg fromover the second
spacer 202 after etching. [0060] Notably, after
etching, the material layer 300 remains intact over
the source/drain 204, the second liner 200, the first
spacer 114, the first liner 112, and the gate 1069



performed by a variety of etching techniques,

i ncluding, but not limted to, a single step etch

process or a nultiple step etch process. In other

enbodi nents, the second spacer 202 can be renoved by a

hot phosphoric acid etch and the second |Iiner 200 can
[0055lJeAlddttma1.l)EJ1t bytocClenusdtidtenathavvtie @nbdhed @fickResses of the first liner

t th t hl ective to the i
112, t@sﬁﬁsgpgéegﬁ l‘bft £ ﬁ%foglégj : 2@’9 rsﬁ‘gii %%0%5?001[“@)@1@2? e etermine, at
least 1‘!%1 rtl fhe {Ral6n Hf‘ﬁ’l%rlﬁfo%gloh%@ﬁ éﬁl@/%r {%%gg%g/dg%i]lg Q)t;t%es?&?ﬁﬁ).

l'ected to renove the second spacer
[00563% e Refririhg new t@GOGI 3 theteircisishbwalthe sthature ©f Fio2 theat ddpssiting a

that th elected etc rocess, renpve ond
materlg gt S0 ol SoPFo GBI Har BOgIa HFe )0 oRBsSnsyde any
noncdnfnHYBRHE AT oA eﬁ'@o@rrﬁ:hfsaﬂf%%ﬁéﬁélylaﬁé?gﬂoo %%[yeiﬁcl%gé‘ h %anﬁmal
and drai n extension inplant halo 1nplant.” It is

high dessiginplesma depbsithdoxidee Isuyzteotbﬁr ¢theodiments ethp osatetiad &ayleh éOO may

incto QPR P e oo Bt Bt it e b Gy 1 pgndor the

gate 1@6@Qﬂﬂg kibae c?ueﬁ@ﬁrocéé@ p3lepsn sonme enbodi ments, the
osed portion of the substrate 104 nay undergo

[0057&| v #igoisaxepples podiny of Sha malesalcdlertraifiOamed oo dte syree/drain
rgic blle i oni ¢ nt am.nant 0 ni cs. and
204 b 51 g0k, SbPoly R oPRL Byt BhRaft o abour 500

angstINﬁisadhldmorﬁéﬁs&ff the Amatéryd 14yee 390 dofifled Pagahe Mn@ﬂhﬂeﬁ D@ and the
second |iner 200, the material |ayer 300 renmmins
secongl gpager 2QR/@pY fange &b thiekaies apm apout, T00Haestroms toghawe00 angstroms.

[0058&1?10%08' fxﬂ fsstto ﬂé @Fﬁr&é@d t %é Qﬁo&a&eﬁcﬂ’ge%t Iﬁlg’tgggﬂé 1methods and

erring now t ereinis s
thickretden abad t© fofm Iﬂle(hlaﬁmal Tagér F0Orar@hooass@itial, vehat is 1mportant is that the
rce drai n_extensi on 600 a?g%fr the hal g regi on

02,
mateqaﬁ ayehdpermits selegiiye RUPaFHE S@ﬁ%rrdowasmzw%@tc ing, without
exposiirgrégﬁsgatk%aaﬁ@ale_s%c%p&ﬁzm.th a |l ow concentration of

ties relative to the source/drain 204. MNbre
[0059% pBefdiicamhbw,to tBiG dotheoe iy shorwrebhteesnwmm 60BIE& ahafbe etching the

s R e B Bk RS TSRk fom ave

the sécBhdepar Mabl edmdl eﬁag By r@ah&@segele’&%n@l 9 éb%:lbsiti&ﬁ of the
inpurity used and the design specifications of

matergt tayere3 e Vi@ exadple, Merreagveaal layar 308 canbbetchediey sttromdn wet or dry

t he ;above p ter
e Rk RV RE B Tuph ol I ahq R OB AR Sca o ten
the mRRFHANREEF SOORY ndl s@chenl eMBhOKeiRMBRIAhPI Bhethet @aterial layer 300 is
ef fectuate the purpose of inplanting a highly-doped

removge droab pygatthe sacandspachie2Worfice 81 n ext ensi on 600.

[0060L0$§)§a]bl%- %gggﬂzﬂi’d}gt tlﬁez %% ?ﬁl 'iagrei *%bb I}el%xg?ls %&gétcoe\leg t}?é Burce/drain

204, tﬁe pemld Ngeo PO, e dgdtispaced €V n,celelﬂ}at llixmrrlg 2f mdmad g(a&: 06, thereby
pe inpurities for an NMOS device and p-ty
helpmgnﬁeul?lpt%gwﬁ% piractpppdrore depege thay gnayapeqpr &gt the removal of the

seconll gp&é‘é# E(b?ﬁ&d’tﬁ@ dedoBd i I]:llu EM S RHE&REA ﬁw‘i‘an%foﬁ '%fétpgn 600

are of the sane conductivity type as the Inpurities
[00611is Beferond apm tot BEG S 6 theedidriaishoRB4the Isttrulcmret of 18G. 4 after further

under st ood t the sourc I,n exten 0, can
procegs gﬁnaraixﬁgaﬁaq%\s BiCh ?Pg SR T b hfo%egﬁtgc‘ftlﬁ@ 4, can
be rethb®edstibhane: @le JUbStrsindk! Hefebd Obrmin@PlrPening 500 between the first

spacer 114 and the material layer 300 on either side of the gate 106. In some embodiments,

the etch process that removes the second spacer 202 and the second liner 200 can be

10



100671 As is known in the art, a halo inplant can help

to decrease the length of the channel 110, which may

be advant ageous for m nim zi ng puncht hrough current

and short channel effects, thereby inproving the

performance of the active device 102. In general, the
perfolh@ddOby £¢h@diy 60 tchD t?&mfcf%mﬂcl’@&"m? it lifGked PR W didgl@€Step etch

t hrough t he openi ng 500 adj xerit gate 106. In sone
procegm@yormiEim e sten pieh magagss: elguqﬁhﬁr@@ﬂmﬁnelﬁ% thepaeeed snacer 202 can be

n str th. i ElLi

remoyBRbETH 408 ghiuPH el ettt Hen ol Hhist AR, 8in pe agmoved by
convensieaal tvaet foardyy el @emﬁsheésdﬂhaﬂ fre Aghianelettne: DatE eemplﬁmmsn of the

extensi on 600. For exanple, if the source/drain 204
secongdigex HY. sour ce/ dr ai n extenS| on 600 are forned with

[0062?] w&%kamﬁrs 't('i 'o@ %ln&é}gt'ao& @Pé 69 Ef?:p @(g)%ssc?é?ecl?c% to remove the
ormed Wth p-type | npuri .tn at one
seconérdpackirnd?t and e kmbad tiagi @00 GfDﬂo’C antidxd, whatl seithportant is that the

rtially outside the boundarles of the source/drai
selecti) et PEKE SO MOKSD AR SoRRE FRAET dfpra 51 ik, 850Rf 1t 200, thereby

expod PRSI AR € e R DT pOFhe btP 0P Eension implan
and halbéimpidme Ttiis st bd mnderstdbﬂﬁhartﬂe tike of ﬁieardeO@;poked qgethe salbstrate 104
he an of the inplantati nlstplc
can b DoR e BY yPryias £ HRHCRTT ARy iy Bicp Fand, wapss 3eand the
Secongqﬂeﬁm of the substrate [04 e g , between about
ifteen to about seventy-five degrees relative to the
[0063$ u nhﬁ acmeofmbddementh,s the atx@odd@i4portinn s exubeititerd A¢ smayt Iuedergo a

cleanllnﬁ.psI eté)gt?)gr’eeméoA' G gctebcg)ngaﬂ-dpggdﬁég‘% gf Rﬁﬁlﬁﬁ?’a g% ijoglgc contamlnants

organfts QH Aeti wy/eWiBds! berate hRh&Fprodesting. hal o regi on 602.
However, in other embodi nents, the halo dopara i npl ant

[0064ira Naribly, rgflenramayingihe seroing sbager 262 ard theseecaddingr 2¢(hdhe material
layer §bt? }Segﬁt{i'llls 1nf|a9.t4 %velizr%) our({%/d&%g?lbgath% ?‘?—& sya&g ?Eltﬂe first liner 112, and
the gawp@@)m mat eI y 5 keV and appr oxi mat eI y 100 keV and a
se between about |x1012 ions/cnm2 and about 1x101
l0065ﬂ oﬂ@f@flﬂ& npy tp §ileh Phidersil 1§ sheyndhe BosuRERdYEr > after fogmation of
h ldner S
the S%}Hg‘ggra#gs gglgxg gigb zﬂ‘lgl/dfratglrg Iq{:agt? [é%gigﬁg ggg i ﬁg%%%rﬁ {1 Sburce/drain
extensiopLi00tyay bpl fanhed tandshhhew dipitgwitipa dowi @aterdrsonfof impurities

.the active device 10 Mor egver ; is to. be .
relatih e P SRR Ao Sio6R P Gl e oRres rgn PRSP RPO can be
forme@eorh RARBafpl£H db&k Bed@ed dbott hk1 FPRIERLHALS bR x10" ions/cm?.

addi ti onal paranmeters may al so be enpl oyed/ mani pul at ed

Howetver, dfifgec bu amnell¢rhéospu npyste ufedi dqpleahng ngroa thé ghpyrity used and the
of t he, hal ubse

desig PYRIRG T SOURASPAF AP SLTERGT oG08 SRETRGY G e bove

paran{c@dh ORe 62, lidin@NARRkhdzaNkilRG RENAO ARE il Qappfdcia¥@tigat additional
the &pants within the source/drain extension 600 and

paramelss atyo a}sedieoemamed/mmpplaéqu effaciupeohs myanase of implanting a
d| scover.e i timzi e_ann of the

high 1% v %e?néir armn e%gt?‘gﬁo‘gﬁf{dra% AHE Nt E@d regi on 602

[0066] hdthe ambUﬂNsyuséd) petbrantle sirb@tirai0Extediort 660 may 1nclude n-type or p-
source/ drai n extension 600, as well as, a high

type, denfdmEdaibe apiver drvieok02t hrang frged dgEo ﬁ-tMI%Mt@é for an NMOS

d

devicg BT P ERERS: PUUS FEhO TyHloal IR GREMes mped o form the
source/dtaamskensiGi60@nack dhdelsamme coadiaivitgAZpavad theampurities used to form

abruptness that exhibits an order of nagnitude of

change in the atom c concentration of dopants in

several nanoneters or less, thereby helping to

suppress adverse short changg effects common to

sub43nrn technol ogy nod. e devi ces. is to be

understood that the anneal step nay |nclude any

t heEmal process, but preferably includes a spike

anneal or a mllisecond anneal. [0071] By way of



[0074] It is to be understood that the order in which
the source/drain extension 600 and the hal o regi on 602
are formed in not critical, what is inportant is that
the process paraneters (e.g., dose and energy) used to
the soufc@fdmiii |2®4 sloisree 8¢ diidrirdloeixh@&nisd @nrcothimectetsiva ddlcan be formed via
I 0 2 he requl ated to produce the desir.ed
an angl‘&‘ggfdt?éli’ Pgepr W‘g‘g“&ﬁ‘& R hecriEs ﬁ?ﬁ ‘?Séréiee‘§4s’mpéa§t
[0067] WAshE RaRACH 11Rf art, BRAISOMPREY AR ALR 16 4éLASt AR 163th Gkt dhAknel 110,
hal o regi on 602. For exanple, the source/drain
which gy dgsidypntarous i mwgnﬁmgop%@th@ﬁ%wﬂ?mwnéa@ﬁﬂkf@amel effects,
thereby 1%1%%@&16 erfth h&e' S &Qi%@ dé\"fgehl Ot2h% g&nﬁal Rk ﬂﬁlbtré/glon 602 can

centration of 1npurities In each of opposit
be forngainebuonpluting imppeties] tHoRsh thﬁsommoﬁoﬁmdmenttthe g@tpelr%ndn some

500 f b I .
embodlgﬁatscf%n h?lﬁ) e Q(ré% U2 aég)tggo:rrn{egg)%vl%gla{l{%n%?lg &%&atgqolt Wi, uggurltles

of oppeKposidugtivtypgpd toahataft tltehlm;ﬁubsd usad e o4 thd ;;cmmr&ram I294 and the

106. T resent nt ors vered t hat )
source/ 3o iviag 08 Py SamPIn Fni el re ot et BeSh Rt pension
600 ard f@ndelir®ikh hitp®r indphiditied h{énfthé slhloslregi@mowm BN & rS6E A p-type

| iner 200, and the second. spacer

impuritigs gl af lepspens wpkpdapshe pele asion 6% éans*amfoeéw paifiplly outside the
bonnda é%@fl’}ﬁé &ﬂrc@%’alﬁ‘@ﬂeﬂ&gm% confi ned/ abrupt forns of the

o0 region 602 can formed. [0076] Referring now to
[0068] FllGe hlo dopentenateriad istypinpllyt heplattedigtanraagisfsorthdas thederfaniemnaterial

can be g%&%&% Srﬂe%featg hd f" xrsf’-j %%Pe@ﬁ?ﬁ tﬁ% 81;5} lgrpﬁ(? g\'i/%}u%! {%lgl gaieal)()g.r In general,
the angdouf de/ 1drpdunmtlaﬁ)4s t}tplitmllj/ ististansipidyc &xs fhbd mmdnﬁ df:grest relative to the

surfce, AR FO% 6o et EhaP A LERT TPRYGR D TG oS relative to

the surf€$ Bpmbmteamqarnnegomecﬁmtﬁﬁmnmg tHeeB§tHaad1 ©34 can be rotated (e.g.,
i ncludi ng, bat net limted a single step_ et

dual angrqyagsalo gmplanty fiyring te apgded ’é%l% Hnlgiﬁlaetég’sto nr%w%%nmemcal forms
of the GABCRLIRNG0D: HBGIR! 8 bAkr LAYSINBRAE, FRMARS bHIPVRFIRY may be
conventional wet or dry etch chemstries that are
implanteil ghipyndBailade ihpeuttaerhdiccobpoti 0ton of the materi al
I ' :
[0069] %bfgirthe?g%eb{gg \ﬂrgl\ége gangse % l%e 13&) an%?ida? ﬁteg g)éba@tee& !ﬁg;lrommately
5 keV dualyzmprcﬁcﬁiﬁatb]y 1|®0tkelszfranti|ac<hjse bethatn atiosit ilxrmb“r toasitm{ snd dbatit 1x10™

et ch ocess rennve he re
onsen 8 P St R TP | SPVFRToR 500 ERLTABYA LRplEsHgr smaller
energick RBd YRSt hal Be 184 4@ tabﬁdalmememmg OV i BihSiridy GBplanted and the
contact formation process. &9077] Subsequent to

design pRegHiFARRPStH dhanertiap idayice | Of eMosten ihia 19 Rf padcspierdsthatzib above

paramefedlaii§0of BITRY RY 1RPOSIIEd RAneRd wall GhdBda et GHERbKal Parameters
materi al such as an oxide, a nitride, or a conbination

may alschbe ewploypdimgripelatl | to tffectupie rthe spaessr of7o®lansing \aphighlly |opnfined
terial that can bl ock the subsequent

fon O%g%g%? ei%fclJon of "an electrical contact 800, of FIG 8.

[0070] [ GaB&Gudrieo tihinridg Slpasmme?@@mcaﬂeﬂsienf @)Omauﬁ by lmlyacgiet 02, an

amneal g, b RO R0 P BalscLt AP P By i cccnsion 600 and th

halo regﬁﬂ QP01 | THE: predens @iventeRIgE MBRbGred Met b bptﬂm&pfgcme ahkdd] of the
include a nitride | ayer deposi

source/ﬁfétqq@a%manéoémé thea o &P ﬁwe}utgﬂlw%v% g pbrypjgform of the
source/BRYh LRGIsHAK08, [iddil ea lh@‘lgsf cHERABIHEH toin PEGYRaIEL 961502 can

at a tenperature of around 400 t, thereby hel pi ng

be formedd Hierecxaopie the nepstangs ol e nptﬂseréfefnéedlglents owdesdhe it | s
to be understood that the type of material and
deposition nmethod chosen for the third spacer 700 are
not limted to the above ex %nples and may include any
mat eri al and deposition nethod that permts the third
spacer 700 to bl ock the subsequent deposition of the
el ectrical contact 800. Mdreover, it is to be
understood that the third spacer 700 can be forned by
a varlety of etchlng technlques |nclud|ng, t br

o om o == e W



[0080] It will be appreciated by those skilied in the

art that the electrical contact 800 can affect the

nmobility of carriers \--ithin the channel 110 of the

active device 102. For exanple, in some enbodi nents,

if the electrical contact 800 is placed too close to
formdfdf FRRANRRkceld@in dddgrsRneI0rdnd dhe FABLESHN 809 vhdan abruptness that

detrinentally affect th.e nmobility of =Tiers within
exhibith @n ondan v ImaghfudAot oradiga gh yhe itomie cenpehtzatiomderdpentd in several

that the thickness. of the third spacer ,can.b
nanor ok ‘Prey TRy ACHEAET AGVTE STy SaBN g TiEHs common to sub-
45nmt LIRS Sodk AeliREHICR i9fo P IAILstbHE tHAE tHd AmBiiaterehh e lclude any

that the electrical contact 800 can have on carrier
thermgbpriokessybupiprepenablyhacledrsriripikernoeal op @ @1illisRedrdrannesy. now

0 therei.n_i.s.sh th truct of . F . .
1007137 E iy B s i 18 pale BB iR, Bt MEbY! Pulseanthinbiogg e sike
anneal GEMfbMGdtae téhbdratusPasgs bat@Oen ittait @0BETCE ead alint 8@ °C. In other

800, such as a |l ow resistance suicide or salicide
embodingts ithe theanpl preeess avgy Belude ranmiliskrend rBcayatush pog: flash lamp

, . 0 .

snneaf 0F p HeP GRS b, DOLE MR SErpAdnke rihes 18K FLen Bhont 1200 °C and

abouteldOi€i dn sGfD}ases,ths aiisesvhodhnehicsn bt lbetimizdtto ibe al diffusionless
contact 800 may .i ncl ude any conduct]jng. conpound. t hat )

procest, dhaeyreTbRaGEE el conf arkndirvidhC PRogipbisar the halo region

602. another material that is thernally stable and provides
uniformel ectrical properties with [ ow resistance. In

[0072pt MNotabéyrbloelprerat snventoes kdvectiscbeatd dantiedtal @@iomenP?2 fabricated by
i ncl ude. refractor tal materials_such . as, tantalu

the mgLo .s c%fbmet 51(;%856’&/ Fﬁgﬁp‘{fﬁ{s( Fﬁd)l(’:est %gg?eéln?o(rve ’grad%d t[grm of the

sourc®ifih POM (B )a 10Wer TRAMRIHT drMR) 204 BnyRht & P&Kible). 1t is to be
enmbodi ments, the electrical contact 800 formed over a

underptopd i that pfadechempbutsc evedyaicall2 Cemplayed he reduge coneraai papacitance.

[ 600 be. al i d he.thi.rd 700
AceoitE s I op R eRSrgiph g cent el rRiof FRBRLE e need for

gradell r‘fi:)hn_td"ﬂethle nhG&aidesin C104CEHnt b@Y&Iﬁml.lQ@otﬁﬁishH{gdﬁf B& lighited to any
cl eaning step to renove surfat:e contanm nants, such a

S
particplgf thesrwshe pissentanyenore bebenecathphlistisrmaiogaef the balegregion 602 by
[ d , f I ' t he [ .
o gAY LT B 0 PS4 o,
helpiftghesaippkdss klastt charinBeefEdts Hhato diffasioansd dupantsaforh hige source/drain

dintegrated circuit system 100 can then be conpleted by, .
204 ignifentousisdirain, griensino PO sad/sr RBe phgpred sl 19 g such,” junction

. 3 i . Q- i N .
copsc IR LU0 DML Gl T 3 MRS e 0
formatioh egfr athatb Giilr edgidn aymtam thd Gouich/dada dldarnbaeby tipaiwing device
enbodi nent of the present invention. The integrated

&€ t system 900 includes providing a substrate

[0073?]'” | sdbng AR ﬁ@éeiglv g%x%ﬁtb@ BaW 418 A8 & @Mht3 YR Ranting the halo

perfo

ielectric in a 902; formng a first li'ner, a
regioif 603 tthropgle dlre, operseg 60@ that ke failanfi theahae gopting patremed within the

[acent the gate in a. blpock 904;.formng a mterial . .
sourefE el NeRE rrelfiing BRc PRy o PRRTIS BiGagver junction
leaka%g B ot WisAInBdo BB 1if1RAItH AnP BhiieERr fHRBryT i Srestnt iR¥EOrsAMieve that

he first spacer by renoving a portion of the materi al .

the formgden of e metsoatlaypndel ovemibietshurcssican 20¥i pretectsghe source/drain

expose the substyate in a bloeck 908;.an LI N . :
204 AR RRENA0 TrRHBR By R e R S aigOoE bRl il resion
adjac@P &g d0Urdenirain@oackitid the uBSEAE 104. has been di scovered

that the present invention thus has nunerous aspects.

One such aspect is that the present invention,

m nim zes junction capacitance and junction | eakage by

formng a halo region with the tail of the halo

inplant |located within a sodrce/ dr ai n. By not form ng

the tail of the halo inplant outside of the

source/drain, junction capacitance and junction

| eakage can be reduced.



[ 0085] Another aspect is that the present invention

can suppress short channel effects by formng a

hi ghl y- doped and abrupt source/drain, extension and a

hi ghl y confi ned/ abrupt halo region. By formng a

hi ghl y-doped and abrupt source/drain extension and a
[0074']1I gthlls Yo BQﬁlfldéi‘ﬁg&iiﬁfaHme d¥@¢rQn MadE ke sbﬂx%e/ﬁfa‘?1§ @ﬂ%nswn 600 and the

nbodi nents help to suppress short channel fects,

halo lteamne&ﬁ); armﬂmqung oht icvidi caduwihednis, imphrtesfhe Itlmht\thﬂ prpgess parameters

o 5B 8 BeoP 10 QLB B ST BB S Ao Heion ooz
be re%ﬂ@t%@% ProWRBtthOMesiAd SHARERSS §ROrdndCedinell cBiheetigics within
y redu0|n%bthe need for a graded source/drain. By

cach gdiei wwyrachisaineexfension H0§r ade dhe dakec epgiemiG92. t Hier example the
sourcg/?%f‘f %B[tel%tlnzﬂpg(b(gg&% ﬁrrlﬁlr'h%i/(? K gfoalr é{ﬁpllflg)z ?:achn r%o%qﬁg(? Qtﬂae %ud‘ﬁcwnt dose

such thel thagejordy bokhtrat@mdo fdmpuritiésid waddisAopp@ite konkiciivigy type.
wi thin an active device. 100871 Another aspect is that

[0075§ h & sprotsseaboverfhe APPHRg SR car befamed\bycihbareBpval Ké fhe second liner
/ n

200 UREIEDS ofce 200 LR LEE R LER RRRANL RalBlDr st

104 adfacantf thesgatd i106r , The fplrdfs%ﬁt gpanters, haves dscnardd that by strategically

d/ or econd. spac 0 ther i npor t ant
contrellips dte Gickere cBreasan bieahiesr (2 Hengit mecyn ltta Beysecond liner
200, 2HPRRY Ee%oﬁ({‘ @Pac@cf Viogediat REshIY- 3%%6 aﬁﬁlﬁtn @orﬁfs SCAUCI R e/drain

costs si yi ng systens, ‘and i ncreasihg perfoivance.
extenfioB 690 éﬁhblsghlawdnﬁndfdséabrulal fomi ef the palotregiof 60 heanpgrecforned.

ti.on cons further he state
10076] o RE RSBy o BLC 1 Ladicfeinistigin bF SGR 6 843; O Hisdormpation of a
third @?&:ep%l dirge Mg Ia'}éi 3bbeof 'ﬁIGQ At Qe Kd k&HbVedSHEMEBVer the
resent invention furnishes |nportant and

source{dragn a%rtlae @mmpmr dnd, theafirai lings| 1d 2s @mdjthecﬂaée 106. In general the
ncti,ona

e PRI S 30 DS RSSO RS of cching

techniguéatiLghd %I ButdRs ilHNed {0 2 SHiH 686 etdhoploc&anehultiple step etch
ef f ects. e resulting processes and configurations

procegy elngyopg egrodsnewis.dhe @E%Qnaéﬂaf}’@b 89Q ean peyessmgiier batcegyentional wet
or dr}h%tgllﬂ clbfenxﬁgt{g%g&l}qalt ?r alﬂgh glfsfefe%{sl{/é/ fot 8%8ml8§?]1]ﬂ§19 %)g {aﬁgﬁﬁasg‘lﬂ Xayer 300.

Howesi, ﬁleld to beunédrftood ent |thb 18pe o€ erh Procead bdtected to remove the material
manui ricturing integrated circuit package q§¥|ces

layer pHBgs TPt Wilird: that iniepRTash ihaat ghe selgeise o Bebroesss removes the
remalﬁfﬁ J y&ﬁBﬁso B Whi r}nﬁeﬁﬁeﬁyefr %Ogeﬁ{eréﬂg'd @)({defs}ng'aﬁlet gll}gﬁate 104 to a

ood that nmany a natives, tions,
subsewanltmmsstamé torhact dppaatientpréaesd hose skilled in the

[0077ﬁchP§fHH?lﬁlt$g] trqng(];\rltgg i alor glgloilaggr o G Rjérh spgcifg ({00 can be formed

by de?ml)stlt%g‘éﬁd M@lﬁnﬁ Mblfebﬁ;@trhé)c@ﬁal REH ay ah 'o%deoﬁ%ltnﬁ@' (ﬁ‘rh combination
within tRe scope of the included clains.

thereafatlh eeserhl, theethirdfspaeer 5790 if typidallydpaned of a stamml that tdmeblock the

dra S e dnterpreted in an
Subseﬂ‘llqngg%) ﬁliogg)fgﬂ&ilgﬁg% %ﬁt%g& oécr?g{eh' 8, What is clained
[0078] SThe third spacer 700 can be formed by a variety of techniques, including, but not

limited to, chemical vapor deposition and physical vapor deposition. In some embodiments,
the third spacer 700 may include a nitride layer deposited by PECVD methods. In other
embodiments, the third spacer 700 may include a nitride layer deposited by PECVD methods

at a temperature of around 400 °C, thereby helping to reduce dopant deactivation effects.

14



. A nethod of manufacture of an integrated circuit
system conpri sing; providing a substrate including an
active device with a gate and a gate dielectric;
formng a first liner, a first spacer, a second |iner,
and a second spacer adjacent the gate; formng a

HoweVBt, 8f isab Hea@ers@6arthith@e ifpcedtr dhtedalCindCabpbsiiys h@od chosen for
form ng _an openi ng between the material [ayer and the

the third spaces §6¢ eve nsy limategvip tiee eboye exiopled ind may pealedd ay material and

deposgtg()ﬁeﬁlethﬁﬁ glaz g%rgr{qg atﬁg ﬁﬁlgi:] a d]Ob rtlg bRER ?l?edsdbif%ﬁtg?% @eposition of the

posé ormng a source
electr¥l emgh@rB0BNdMVRrAkR if &giobe hdaugbd tthe thpenirdigpadeh@00 can be
hal oio ton O forned patchily outside the squrce/drain

formegayenearishy, of eschingigchifpainaidigafaregamplee prpariapic etching.
0% S R D 15 ko) HBELAOLIG YIBas g o
about@®0iaagstronts ta abdidS0devpamms at its interface with the substrate 104. However,
it is to be understood that the thickness of the third spacer 700 may vary with the design
specifications of the active device 102. For example, the thickness of the third spacer 700
may depend upon the desired proximity of the electrical contact 800 to the channel 110.
[0080] It will be appreciated by those skilled in the art that the electrical contact 800 can
affect the mobility of carriers within the channel 110 of the active device 102. For example,
in some embodiments, if the electrical contact 800 is placed too close to the channel 110, the
electrical contact 800 can detrimentally affect the mobility of carriers within the channel 110.
Accordingly, it is to be understood that the thickness of the third spacer can be modulated
(e.g., by increasing or decreasing the thickness) to reduce or negate the detrimental effect that
the electrical contact 800 can have on carrier mobility within the channel 110.

[0081] Referring now to FIG. 8, therein is shown the structure of FIG. 7 after forming the
electrical contact 800. Subsequent to forming the third spacer 700, the electrical contact 800,
such as a low resistance silicide or salicide electrical contact, can be formed over the gate 106
and adjacent the third spacer 700 (e.g., over a portion of the source/drain 204 and the
source/drain extension 600). In some embodiments, the electrical contact 800 may include
any conducting compound that forms an electrical interface between itself and another
material that is thermally stable and provides uniform electrical properties with low
resistance. In other embodiments, the electrical contact 800 may include refractory metal
materials such as, tantalum (Ta), cobalt (Co), titanium (Ti), tungsten (W), platinum (Pt), or
molybdenum (Mo). In yet other embodiments, the electrical contact 800 formed over a
portion of the source/drain 204 and the source/drain extension 600 can be aligned to the third
spacer 700 via a salicide process.

[0082] It is to be understood that the integrated circuit system 100 may undergo a cleaning
step to remove surface contaminants, such as particles, mobile ionic contaminants, organics

and native oxides, before formation of the electrical contact 800. Moreover, it will be
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3. The method as clainmed in claim21 wherein: formng
the first liner and the second liner includes formng
an oxide and forming the first spacer and the second
spacer includes formng a nitride. 4. The nethod as
claimed in claiml wherein: formng the material |ayer

appretiael bgaBoseGkilleddn ahd @t ka0 tHeoeiRIndexb e intbgrafbd @indeilt Bem 100
as_clained in claim1 further conprising: configuring
can thep ge camplelrddy convedirabiransiiorapgd/sf CMGR processestapsy st

[0083gp§%?e§nrr11% lﬂ?wst%Cpﬁgi b' fifelei n ghc;vﬂ? asﬁ‘ aistp@tc idtQerated circuit
eterm on

e location o e sourc. c rain e ens
systemr@OOtfhet}hahtagfae@]l @rcuit ffysteﬁu b, hodcakdaravfidcirue@bedimant of the
grated circuit system conprj Si provj.ding a
preseny Jediat.e The HWE%P% YR Lo 8 SR dicldien i i ngaFRdsile igcluding
an actH GevilleBLREH K hﬁ: gltg Qideckid & a blol d]E‘ 902; Brrhirk Sat first hner a first

spacer, a se ond 1 a second spacer a Jacen
spacet, hesg:ané Jlinfg ramidnay saccmdt spacerl adjay:mr theveate tiher blotle @04t &dming a

cuit system et hi n mat ey al lyer to expose
materh S s BlReried Pefidh Gt Rt Blocbbeobieiod & iephg between
the m%ﬁ&ﬂgyér'aﬁg ke ﬁ@fﬂ sﬂa@émﬁ&nﬁ)v%%‘z{ 5&41% %'f PheSh@ARI 19¥br! aﬂﬁe second
a hal o region through an opening forned by the renoval
spacenf anchéhes eeoond. lingraeexperd  theesubecandinl anklock tH8; vt oforming a

source/gl%ln extgznswn a%d a halo region through the opening in a block 910.

[0084] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention minimizes junction capacitance and junction leakage
by forming a halo region with the tail of the halo implant located within a source/drain. By
not forming the tail of the halo implant outside of the source/drain, junction capacitance and
junction leakage can be reduced.

[0085] Another aspect is that the present invention can suppress short channel effects by
forming a highly-doped and abrupt source/drain extension and a highly confined/abrupt halo
region. By forming a highly-doped and abrupt source/drain extension and a highly
confined/abrupt halo region, the present embodiments help to suppress short channel effects,
thereby improving drive current, threshold voltage roll-off, and drain-induced barrier
lowering within an active device.

[0086] Another aspect is that the present invention can suppress short channel effects by
reducing the need for a graded source/drain. By reducing the need for a graded source/drain,
the present embodiments help to suppress short channel effects, thereby improving drive
current, threshold voltage roll-off, and drain-induced barrier lowering within an active device.
[0087] Another aspect is that the present invention can accurately control the placement of a
source/drain extension and a halo region by strategically altering the thickness of each of a
first liner, a first spacer, a second liner, and/or a second spacer.

[0088] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing

performance.
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partially outside the source/drain extension. 7.The

nmet hod as clainmed in claim®6 wherein, etching the

material |ayer to expose the second spacer includes

Leaving portions of the material |ayer remnaining over

the source/drain and the gate. S.The nethod as cl ai ned
[0089] n Tdiess andsothvbrevaliable nepeotsi afght peesecioneht®paveseqanalist Arther the

st SERRDS AP WEHIE R BB on, of oSt rate, o The

0o o8 M a8 SRS 08 SOASEPELER RS e
inventign firaishesomportentragd heretofore unknown and unavailable solutions, capabilities,

and functional aspects for forming an integrated circuit system including structures
strategically designed to suppress short channel effects. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile and
effective, can be implemented by adapting known technologies, and are thus readily suited
for efficiently and economically manufacturing integrated circuit package devices.

[0091] While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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formng a source/drain before formng the source/drain
extension and the halo region. |ILA nethod of

manuf acture of an integrated circuit system
conprising: providing a substrate including an active
device with a gate and a gate dielectric; formng a.
first liner, a first spacer, a second liner, and a
second spacer adjacent the gate, formng a nateria

| ayer over the integrated circuit system etching the

What isrdleradad: | ayer to expose the second spacer; renoving

t.he secon cer .and the sec Jner. ' -
dour ooy raeh BESERRNgs i MR D PR
epending a katstred ilyudifiear anpv dévicd withe gae eahdgapdiekrtrand
the,sec%nd,liner, the hal o rgﬁion formed partial.l _
dorapga I Engop FEEIRIFSh 7 SERPEHET o2 SPeaRdiShyy oL sepighe gate

SPRGEE 2 A RRERTer D6 the [BEersB@ERkuit Fhemf or ming an
el ectrical contact adjacent the third spacer and over

tfhrenipg e openirg, betvesn e me'griakslagirandihg firsi seacgr hy 1emoving a portion
wher eiorf‘:the material layer, the second spacer, and the second liner to expose the
substrate; and

forming a source/drain extension and a halo region through the opening, the halo region

formed partially outside the source/drain extension.

2. The method as claimed in claim 1 wherein:
providing the substrate including the active device includes providing an NFET device, a

PFET device, or a CMOS device.

3. The method as claimed in claim 1 wherein:
forming the first liner and the second liner includes forming an oxide and forming the

first spacer and the second spacer includes forming a nitride.

4, The method as claimed in claim 1 wherein:

forming the material layer includes forming a nonconformal oxide.

5. The method as claimed in claim 1 further comprising:
configuring the thickness of each of the first liner, the first spacer, the second liner, and
the second spacer to determine the location of the source/drain extension and the

halo region.

6. A method of manufacture of an integrated circuit system comprising:

providing a substrate including an active device with a gate and a gate dielectric;

forming a first liner, a first spacer, a second liner, and a second spacer adjacent the gate;
forming a material layer over the integrated circuit system;

etching the material layer to expose the second spacer;

removing the second spacer and the second liner; and

forming a source/drain extension and a halo region through an opening formed by the

removal of the second spacer and the second liner, the halo region formed
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providing the substrate including the active device

i ncl udes providing an NFET device; a PFET device, or a
Ovl CS device. 13. The nethod as clainmed in claim 11
wherein: formng the first Iiner and the second I|iner

i ncludes form ng an oxide and form ng the first spacer
and the second spacer includes formng a nitride. 14.
The nethod as claimed in claimli wherein: formng the
material |ayer includes formng a noncortformal oxide.

15, Thepar@ilyealtsak ted ufedrdifl egk@idh. 11 wherein: et ching
the material |ayer to expose the second spacer

incl udes haavd /E1HAES InMEm whétenat eri al | ayer
remai ni ng over the source/drain and the gate. 16. The

rrdetagl thesmatemal eer ite cenoar el secesnar: in¢ladrsVipavgg mrtlons of the
secon qnétglgﬁ ?{ye?ﬁ%abﬂ?g el %%ohﬂc@/ﬁfalr?MQEéegat@ portion

of the su

8. The method as claimed in claim 6 wherein:

removing the second spacer and the second liner exposes a portion of the substrate.

9. The method as claimed in claim 6 wherein:

forming the source/drain extension and the halo region includes an angled implant.

10. The method as claimed in claim 6 further comprising:

forming a source/drain before forming the source/drain extension and the halo region.

11. A method of manufacture of an integrated circuit system comprising:

providing a substrate including an active device with a gate and a gate dielectric;

forming a first liner, a first spacer, a second liner, and a second spacer adjacent the gate;

forming a material layer over the integrated circuit system;

etching the material layer to expose the second spacer;

removing the second spacer and the second liner;

forming a source/drain extension and a halo region through an opening formed by the
removal of the second spacer and the second liner, the halo region formed
partially outside the source/drain extension;

forming a third spacer adjacent the first spacer; and

forming an electrical contact adjacent the third spacer and over the gate.

12. The method as claimed in claim 11 wherein:
providing the substrate including the active device includes providing an NFET device, a

PFET device, or a CMOS device.

13. The method as claimed in claim 11 wherein:
forming the first liner and the second liner includes forming an oxide and forming the

first spacer and the second spacer includes forming a nitride.

14. The method as claimed in claim 11 wherein:

forming the material layer includes forming a nonconformal oxide.
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17. The method as clainmed in claim11l wherein: formng
the source/drain extension and the hal o regi on

i ncludes an angled inplant. 18. The nmethod as cl ai ned
in claimn wherein: 'formng the third spacer alters
the proximty affect of the electrical contact upon a
channel. 19. The nmethod as clained in claim11
further conprising: configuring the thickness of each
of the first liner, the first spacer, the second

lisner , Themgkthiddas SRGAainsRacelr wigkréelet er m ne the I ocati on
of the source/drain extension and the halo reg

rtchmeethsenterip! daver fuerroge ithe Qgcglpqﬁp_@g_erflmlvtlc}?é rleavmg portions of the
CO”W 54 é&&l lanyrrﬂéan&n%nc%Pf %Q‘z"c@/'dﬁm befs gnd orming the

sour ce/ dral n”“ext ensi an hal o regi on.
16. The method as claimed in claim 11 wherein:

removing the second spacer and the second liner exposes a portion of the substrate.

17. The method as claimed in claim 11 wherein:

forming the source/drain extension and the halo region includes an angled implant.

18. The method as claimed in claim 11 wherein:
forming the third spacer alters the proximity affect of the electrical contact upon a

channel.

19. The method as claimed in claim 11 further comprising:
configuring the thickness of each of the first liner, the first spacer, the second liner, and
the second spacer to determine the location of the source/drain extension and the

halo region.

20. The method as claimed in claim 11 further comprising:

forming a source/drain before forming the source/drain extension and the halo region.
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