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ext ensi on- gal @ogagessoverl ap in a sem conduct or conponenper/BéYosseRsdND OF THE
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negatively affect transistor perfornmance. Collectively, these adverse
performance effects are referred to as short channel effects. Typical
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electric field in the channel region to mnimze the peak |lateral electric
field of the drain depletion region. One technique for |owering the
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Typical techniques for mitigating short channel effects rely on adjusting the electric field

in the channel region to minimize the peak lateral electric field of the drain depletion region. One
technique for lowering the lateral electric field is to include source and drain éxtension regions. A
source extension region extends into a silicon substrate adjacent one side of a gate structure and a
drain extension region extends into the silicon substrate adjacent an opposing side of the gate
structure. The source and drain extension regions extend under the gate structure. The drain
extension region reduces the maximum electric field in the drain region of an insulated gate field
effect transistor, thereby reducing the number of electrons capable of tunneling from the drain
region into the gate oxide. Even with this improvement, the number of electrons in the drain |
region is still sufficient to create a gate-to-drain tunneling current that decreases the performance
of the transistor.

Accordingly, what is needed is a semiconductor component having a lower gate-to-drain

tunneling current and a method for manufacturing the semiconductor component.



The present invention satisfies the foregoing need by providing a

sem conduct or conponent and a nethod for manufacturing the sem conduct or
conponent having a source-side halo region formed before tH8Magh2edand
drain extension regions and the source and drain regions are fornmed. In
accordance wth one aspect, the present invention conprises a gate
structure formed on a sem conductor material of a first conductivity type.
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transi st or 4rafh extension region is proximal the second side of the gate structure. A source region
is proximal and spaced apart from the first side of the gate structure and a drain region
is proximal and spaced apart from the second side of the gate structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from a reading of the following
detailed description, taken in conjunction with the accompanying drawing figures in
which like references designate like elements and in which:

FIGS. 1-6 are highly enlarged cross-sectional views of a portion of an insulated
gate field effect transistor in accordance with an embodiment of the present invention.



sem conduct or conponent, or a sem conductor device. In accordance with an
enbodi nent of the present invention, asymmetric source/drain m@q%ﬁn
regions are fornmed using an angled inplant. The use of an asy P

I npl ant  pr oo @HeHo40ss8r | ap bet ween t he source extension peguiosaBSkst he gate
structure thereby reducing the _source-side resistance of the transistor. In
addition, the asymretric inpl REITALEYOESGRIBTIN | ap of the drain extension
region by the gate structure, thereby reducing the gate-to-drain tunneling
current and the drain.-side MIler capacitance. Further, the angled
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forman N- channel insulated gate field effect transistor. However, the
conduct i ¥altege olheél eontrelishensspnashigiserres and diginexicasionregisns aielincduded in thef orm a
P- chann k field effect transistor or a conplenentary

i nsul at ggm%dg?%ucﬁgﬂﬁgg#%%ct transistor, e.g., a Conplenentary Metal Oxide
Sem conduct oFIGOMSG) ehlasgedicedsesectibnal &ibshi dfiagrortichogfarartiatly cempleted imsalated

N-well in bstrate. of 9, ch 2007 P-type conductivity or a P-well
in a suﬁfe?%eﬁ‘ge tm%‘g@8hﬂﬂﬁh§€w&ﬂﬂcﬁng§fﬁ?éﬁa?%r tH¥t & e 102. The
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wel I's. Al though not shown, it should be understood that a threshold voltage
material 102 of P-type conductivity having a major surface 104. By way of example,

semiconductor substrate 102 is silicon having a <100> crystal orientation and a P-type dopant
concentration on the order of 1x10' ions per cubic centimeter (ions/cm?®). Alternatively,
seiniconductor substréte 102 may be comprised of a heavily doped silicon wafer having a
<100> crystal orientation and a lightly doped epitaxial layer disposed thereon. Other suitable
materials for substrate 102 include silicon germanium, germanium, Silicon-On-Insulator (SOI),
and the like. The conductivity type of substrate 102 is not a limitation of the present invention.
In accordance with the present embodiment, the conductivity type is chosen to form an N-
channel insulated gate field effect transistor, However, the conductivity type of the
semiconductor substrate can be selected to form a P-channel insulated gate field effect transistor
or a complementary insulated gate field effect transistor, e.g., a Complementary Metal Oxide
Semiconductor (CMOS) transistor. In addition, dopant wells such as an N-well in a substrate of
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adj ust inplant may be perfornmed in sem conductor substrate 102 or in the
dopant wells. A layer of dielectric material 106 is forned on major surface
104. Dielectric layer 106 serves as a gate dielectric matel?Marehd0Way be
formed by techni ques known to those skilled in the art including thernal
oxi dation, chem cal vapor deposition, and the like. Layer 106 has a

t hi ckness ranging fromapproximtely 5 Angstrons(A) to approxi mately 500A.

A | ayer OfP-%la%hédc‘tWi& &Oﬁmv@euﬂ%@ﬁslsme df ﬁltf'ﬁetédneuétﬁmgeaﬁgé fotiie@sh for
exanpl e, hem cal_va or nePoleon tech I’llCi Sui range of

t hi ckness esybﬁg@teﬁgﬁy'g]q -chanrnel Fapgistorscie foyped i iharesRECHd A and

appr oxi nthdphntZwé]&OA&ho@h rwayhmn et 8o uriliefStéudl thatca ﬂh?ééﬁhbldmaébis a
t hi ckness (%’E)'ﬁgoo A, and ess_of 500 A

ilicon | 08 h hi
A | ayer of? P?ﬂlaé‘éfr@y @b’&é‘f‘ﬁg&ma 'e‘é‘b"‘rj[?fsﬁqb?@%t% 1log3?léfc'hﬁﬁg°ﬁ?m wellsit t er ned
to forman etchA stkoﬂdlélectﬂ‘emata'r'aum is dormedposndjorsgriacel 14 tDidectiia @yer
hot I t
POt of €51 SoedlehEld s LAWbhid ARl Brhd B ARl Ao rOW €0
pref er ent |thp$%/3'@!leé maté\e@mlwudlngztbﬁmqkyxmgomﬁh@mma@r degpsition, ﬁﬂ@ﬂ“el lisgrer 108
is etched | ay @5 RaY éﬂﬁdkaeéé:raREﬁa@tfrdf@aﬂ»&ax.ﬁh@Iy @ﬂnéeﬁoﬁ')s(;?dr\]ﬁtdb‘ﬁ%ﬁ(uﬁ&ély

et chi ng pé I1icon nown to those art. After
renoval (ibz\e Aé§¥ﬁ5§g 'Mwﬁ?q"o% i3, forps\pa; diglectic layery106 using, for gxaraple

chem stry cmnwdwvmd déﬁoﬂlﬁn&écltﬁmmjecm éu)talflé ﬁhg@ioif fhicknaysds f?ﬂﬁoly&l'i(')vzn -

ani sot r opi t e stops a ce en
etch masll[() Ig}f‘%g@? weg PQ&@\’/(Q%\{&W'R@?‘ "ﬂ)agqi'?oq@%(ﬁ 3¥18f 106A of

pol ysi | i coaxampieediefeoBicdayer 106 bbeatthlclmelsay:éﬂoa @nd pelypiticdn agéryl08fhasa a gat e
structure gileg,favrN9s6o ﬂeﬁ I%Ijeflo?gﬁi?tarje@lsi%%%p@sxfeg 3563/‘ sfitén Ildgle 108 élgl on 108A

serves as a gate conduct or gate
di el ect ri cPatigedto ff@'ﬂ‘earwtﬁ@ntaék FtIQ;Teghnlauefdpaﬁ@pocﬁftlnoaﬁsipe &Biducti vity such

as, for eXﬁi@dr@susté?@Nﬁhl&Bwhﬁé“tH&% s'kﬁied iﬁﬁhé‘&ﬁted into sem conductor
on 120 is referred to
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dielectric layer 106, respectively, form a gate structure 112 having sides 114 and 116

and a top surface 118. Portion 108A serves as a gate conductor and portion 106A

serves as a gate oxide or gate dielectric.

Still referring to FIG. 2, a dopant of P-type conductivity such as, for example,

boron or indium, is implanted into semiconductor substrate 102 to form a doped region

120. Doped region 120 is referred to as a source-side halo region. The implant is an

angled or tilt angle implant which makes an angle 6 with respect to a direction (indicated

by broken lines 122) substantially perpendicular (or normal) to major surface 104,

wherein angle 6 is less than 90 degrees and preferably ranges from approximately 20

degrees to approximately 50 degrees. Even more preferably, angle 06 ranges between

approximately 35 degrees and approximately 45 degrees. A suitable set of parameters

for the source-side halo implant includes implanting the dopant of P-type conductivity at a

dose ranging between approximately 1x10'® ions/cm? and
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i ons/cn? and using an inplant energy rangi ng between approxi nat el 100
el ectron Volts (eV) and approximately 50 kilo electron Volts ( SR 208he
angl ed dopsy 200d/0dekant ati on is represented by arrows 12¢crEbRoi/iEeizant
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e
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respectively. Preferably, the extension ant is a sin
or tilt elgposition aiby guiwib techniques such ayidatian of gate cadpetot 1084 and dilicec 1 02n

i or PRy R e 26 R Thelo S PR R bt Vel SRR A e pr et or abl v
ranges fappivkipiglonjsoatiel y O degrees to approximately 25 degrees. Even nore

preferably, angle a raggéas bet ween ap%pxi mately O degrees and
appr oxi mat el Relgringayy EREIG. Asoxigelayer d %6 siapigotropically eighed to form spacers 187 sj ngl e

twist inplhgng aﬁcﬁto%&?oée@n 's%ﬁaéé‘l%ﬂ@id%?%ﬁto?mg&ﬂd%ﬁhﬁ%&%%r an axis

per pendi cular to major surface 104 so a sequent
example, arsenic is implanted into semiconductor material 102 to form doped regions 136 and

138. Portions 136A and 138A of doped regions 136 and 138 serve as source and drain

extensions, respectively. Preferably, the extension implant is a single twist, angled or tilted

implant which makes an angle a with respect to a direction (indicated by broken lines 122)
substantially perpendicular (or normal) to major surface 104, wherein angle o. is less than 90
degrees and preferably ranges from approximately 0 degrees to approximately 25 degrees. Even
more preferably, angle o ranges between approximately 0 degrees and approximately 10
degrees. As those skilled in the art are aware, a single twist implant is one in which the wafers
are not rotated about an axis perpendicular to major surface 104 so that a subsequent
asymmetric extension implant can be performed. Suitable parameters for the source and drain
extension implant include implanting the dopant of N-type conductivity at a dose ranging

between approximately 1x10" ions/cm? and approximately 1x10' jons/cm? using an implant
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asymmetric extension inplant can be performed. Suitable paraneters for the
source and drain extension inplant include inplanting the dopant of N-type
conductivity at a dose ranging between approxinately 1x101h9R@W@¥ A and
approximately 1x1016 ions/cnR using an inplant 5 19 March 2007 energy
rangi ng between approxi mately 100 eV and approxi mately 20 keV. The angl ed
dopant inplantation is represented by arrows 130. The energy and dose are
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and the Ionger the anneal time, the closer drain extension region 138A diffuses towards
side 116. Because source extension region 136A is near first side 114, it is said to be
proximal or adjacent to first side 114. Likewise, drain extension region 138A is said to be
proximal or adjacent second side 116.

Still referring to FIG. 3, a layer of silicon nitride 146 having a thickness ranging
between approximately 200 A and approximately 1,500 A is formed on gate structure
112, spacers 127 and 128, and the exposed portions of major surface 104. By way of
example, silicon nitride layer 146 is deposited using a chemical vapor deposition
technique. Alternatively, layer 146 can be an oxide layer or a layer of any material
suitable for forming spacers.

Referring now to FIG. 4, silicon nitride layer 146 is anisotropically etched to form
spacers 152 and 154. Thus, spacer 127 is between spacer 152 and side 114 of gate
structure 112 and spacer 128 is between spacer 154 and side 116 of gate structure
112. A zero degree



exanple, silicon nitride |ayer 146 is deposited using a chem cal vapor
deposition technique. Alternatively, |ayer 146 can be an oxi de 41@%39 0 1)

| ayer of any material suitable for formng spacers. Referring 8 FIG
4, siliconwa food/ddesskayer 146 i s ani sotropically etched gE/fiQodsspacers 152
and 154. Thus,  spacer 127 is between spacer 152 and side 114 of gate
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to a ter@&g@ &g%,een approximately 800 C and 1,100 C. Still referring
to FIG f?t‘ wet etch is performed to renove any oxide along top

surface 118 gﬁug@feﬂm@%m@uoana&ﬁﬁalw eRAYs R¥fofified BY&howH ) ORRIE alig M) OF
surface 104. A |ayer of fractory metal 160 is deposited on top surface
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cobal t is i nReaRiAChowMd G b kéffieidry thBidPlayerQ80 & Heafdll td ﬁeﬂ%eﬂaﬁﬂe tangingr med
fromgate conductor 108A, cobalt silicide 166 is formed from source region
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cobalt disposed on spacers 152 and 154 remain unreacted. It should be understood that the type

of silicide is not a limitation of the present invention. For example, other suitable silicides
include titanium silicide (Ti8i), platinum silicide (PtSi), nickel silicide (NiSi), and the like. As
those skilled in the art are aware, silicon is consumed during the formation of silicide and the
amount of silicon consumed is a function of the type of silicide being formed. Thus, silicide
164 is shown as extending into gate conductor 108A, silicide 166 is shown as extending into
source region 156, and silicide 168 is shown extending into drain region 158.

Still referring to FIG. 5, the unreacted cobalt is removed using processes known to those
skilled in the art. Removing the unreacted cobalt electrically isolates gate conductor 1084,
source region 156, and drain region 158 from each other.

Referring now to FIG. 6, a layer of dielectric material 170 is formed on the structure
including the silicided regions. By way of example, dielectric material 170 is oxide having a

thickness ranging between approximately 5,000 A and 15,000 A, Openings are formed in oxide
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those skilled in the art are aware, silicon is consuned during the
formation of silicide and the anount of silicon consuned is a function of
the type of silicide being formed. Thus, silicide 164 is shdMaregs2007
extending into gate conductor 108A, silicide 166 is shown as extending into
source region 156, and silicide 168 is shown extending into drain region
158. Still referring to FIG 5, the unreacted cobalt is renoved using
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direct tunnél|ng current. The source-side tric regi on decreases
t he channeWh'GBﬁFPf@V?FetQP OGRerfampRce-2% the semicondustascomponent. “The lower

channel doping near the drain extension region also lowers the junction capacitance,
thereby improving the AC performance of the semiconductor component. This

| improvement is particularly beneficial when the semiconductor component is an SOl
device. Forming the halo region before forming other doped regions provides better
threshold voltage roll-off control when using asymmetric extension regions and enables
formation of the halo region closer to the center of the channel region, thereby
preventing counter doping during the formation of the extension regions.

Although certain preferred embodiments and methods have been disclosed
herein, it will be apparent from the foregoing disclosure to those skilled in the art that
variations and modifications of such embodiments and methods may be made without
departing from the scope of the invention.



whi ch i nproves the DC performance of the sem conductor conponent. The | ower
channel doping near the drain extension region also |owers the junction
capaci tance, thereby inproving the AC perfornmance of the sdfiMaseldeQ%r
conponent. This inprovenent is particularly beneficial when the

sem conducfpr onent is an SO device. Form ng the halo region before
form ng otMﬁd regi ons provides better threshold voltage roll-off
control when using asymmetric extension regions and enables formation of
the halo region closer to the center of the channel region, thereby

pr event i ngl.counf enetbiadhfon gnadufactuging assemicandtictoncanfipontu (€0@)dravingranreagy ons.

Al t hough cltlartai r‘iﬁlgreferr.ed .enmbodi rents and net hods have been di scl osed
herein, i toaip PPIARY SHYBBHSBE from t he foregoing disclosure to those skilled
in the art thatproVilingdd ée@fiSorfietorBhitdriat ?1029 BB a Bist ShrducBIBPGpEBAVIAg aNd

met hods may be nade without departing fromthe scope of ‘the invention. 8
19 March 2oapr s@feseMs: 1. A nethod for manufacturing a seni conduct or

conmponent (100) i n n_ear| | o i npl ant, .co j\Shng.. providing a

sem conduct or n%’?@?l}gaqgga?elﬁ%c# %@i%@%&ﬁ%ﬁ?i @4)’(%%‘1@&\[7]“?1 % naj or
surface; flviigtirst (193} gndsdetoied U16) &iddslandtop RerfamRj(P18)sUr f ace (104), the
gate structure having first (114) and second (116) sides and a top surface

(118); asynmet r#yamsfrically implantige a depprief thet finsheonietivity dypriinta thei t y t ype

into the ] , { al. [ ' makes
an angle |%§{sﬁ‘?ﬁg‘§“§§&%§gf1§’2§%ﬂé %‘Qrg)le%lg(z%ﬁﬁ P%Qgﬁgﬂrk gg?‘il' %?élgg%s?mmpg t he
maj or sur f depeeds Wt respedoetoad direztipn hbingdl to ¢He rhijer slofaee1 (1043, vtbréia@jortidie fir st
(114) side?ﬁotg t.he gate,stru t%re 1(7112) and serves as a _first halo region
(120): f or 9 thedapant sadi ¢ Tipst S sideof dhn catruchure {112) and sesyesaas@r t he
gat e Strucfiiyf £a18Mkiof(1 yond spacer (128) adjacent the second (116) side of
the gate structure ?1&%9,’ after formng the first halo region, inplanting a
dopant of the sformig xbstsmrenilly) adjagent thatfiosti(het) sileiof dedgatd structeat and al

i | ed,i npl t hat . th 90 d ith
ospact 't o P PO 2R bRRIOTT (e Srondt B Sl o8 Bmieturs (P
asymmet ri ¢ ext ejfdrdBrmhifg kiR st K416 £&Jidh, ImPRALASH dffant HEHERIAE chidrdlAFent

the first side
type into the semiconductor material using an angled implant that makes an angle less

than 90 degrees with respect to a direction normal to the major surface (104) to form
asymmetric extension regions, wherein a portion of the dopant is adjacent the first side
(114) of the gate structure (112) and serves as a first extension region (136A) and
another portion of the dopant is laterally spaced apart from the second (116) side of the
gate structure (112) and serves as a second extension region (138A); and

forming first (156) and second (158) doped regions of a second conductivity type
in the semiconductor material (102) after forming the first halo region, the first doped
region (156) proximal the first side (114) of the gate structure (112) and the second
doped region (158) proximal the second side (116) of the gate structure (112).

2. The method of claim 1, wherein asymmetrically implanting the dopant into the
semiconductor material (102) includes implanting at an angle ranging between 20

degrees and 50 degrees.

3. The method of claim 1, wherein asymmetrically implanting the dopant into the
semiconductor material (102) includes implanting at an angle ranging between 35
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(114) of the gate structure (112) and serves as a first extension region
(136A) and another portion of the dopant is laterally spaced apart from
the second (116) side of the gate structure (112) and serv&EMasch2®dcond
extension region (13 8A); and formng first (156) and second (158) doped
regions of, a seﬁﬁg &onducti vity type in the sem conductor material (102)
after for fCBESE 1 fI88°%al o region, the first doped region (156) proxi nal
the first side (114) of the gate structure (112) and the second doped
region (158) proxinmal the second side (116) of the gate structure (112). 2.
The met hodhof clTheimethod ofclaiz h wkereindhe ficst Extonsionplegioni(h3pArextendp ainderi nt o

the sem gpnduct or naterd 0 j nel i npl anting at an angl e rangi ng
bet ween 2886 g%{apﬁggmgégfﬂgg{'oaéé}eﬁrg{s@ef tﬂﬁg met hod of claim1, wherein
asymmetrically inplanting the dopant into the sem conductor material (102)

includes inplanting at an angle ranging between 35 9 19 March 2007 degrees
and 45 degrees.The mathed pbelpis 1. Jurtherapptuding {prariag third(d 52) ansifowsth 6494) on

(130) 5. SRt bR i and ol icht WL T br i ng thiva (152) and

fourth (154) spacers adjacent the first and second spacers, respectively.
6. The nethod qf claimb5, wherein formng the first (156) and _second (158)
doped reg&ons Theanp %Og?lﬁlghﬁﬂ hergin forming thpofst(1pehanddsecanhil 58hdapsd ¢ hird
spacer (152): 3 J r (154).
P he ot RRaropehfE AR e FRRREpEPHERh (O dnkdSpl B (1 SREAST

i ncl udes seomidaduped gegiorddp 8nto thé faunth spacariitisd)onductivity type into the

sem conductor material using an angled inplant at an angle ranging fromO
degrees to 20 degrees. 8. A nethod for manufacturing a sem conductor

conponent A 100)TheaRBMbA 8F &ldim 1 PRRMLHRY f@ﬂnﬁg%ﬁ@ﬁﬁpﬁ%@;ﬂ ref@h8hdiddes( 102) of a

first conductivity type having a nmajor surface ; formng a gate
st ruct ur e ifnplantingia dopant o ther sesond condugtivdty)type into thatsemondwitonmaterddl?)

ravt 10 11 o AR SLIE) R B LR B Cace (110), forr o
(114) of the gate structure (112);
8. A method for manufacturing a semiconductor component (100), comprising:
providing a semiconductor material (102) of a first conductivity type having a
major surface (104);
forming a gate structure (112) on the major surface (104), the gate structure (112)
having first (114) and second (116) sides and a top surface (118);
forming a halo region (120) of the first conductivity type proximal the first side
(114) of the gate structure (112);
forming a first spacer (127) adjacent the first side (114) of the gate structure
(112) and a second spacer (128) adjacent the second side (116) of the gate structure
(112);
after forming the halo region (120), implanting a dopant of a second conductivity
type into the semiconductor material (102) using an angled implant, wherein the angled
implant makes an angle between 0 degrees and 90 degrees with respect to a direction
normal to the major surface (104), and wherein a portion of the dopant is adjacent the
first side (114) of the gate structure (112) and extends under the gate structure (112) and
serves as a first extension region (136A) and another portion of the dopant of the second

conductivity type is adjacent the second side (116) of the gate structure (112) and serves
10



formng a first spacer (127) adjacent the first side (114) of the gate
structure (112) and a second spacer (128) adjacent the second side (7116)
of the gate structure (112); after forming the halo regi onl{Magh 200

i npl anting a dopant of a second conductivity type into the sem conductor

i al i h | ed | k
an angle FEOEHIGN ISP SEa H A0 Br s R e ESpn EeB0R WTARE! on
normal to hip g%b&red%yaﬁ f5m thé Wdond 30 ( g’f@r&m tuwe gﬂ‘z&fsﬁ@l daRpat s

adj acent the st side (114) of the gate stru nd ext ends
under the f@rat@dﬁmndtdwpedémmommglonsam/@smtmf| rst extension region

s ad a22ﬁt a{‘ﬁt B i (P o e srfpereadfnepticbi e {09 pod sprond 28710
19 March Spa&@@%g&mbexteny on region (13 8A), wherein the second

ext ensi on regl on (13 is laterally spaced apart fromthe second side
(116) of the gafp@n@gra@@mc@egm@)%i gﬁﬂletsmdtcneducumtstymnmthaecond doped

cpacors. adeimRRa R ApERATTBRL b soBieToBnie) totyo Gllbn Y BEL e VL, |

form ng a(swlgethéﬁgs!tonmhﬁ@)mﬂf(lsﬁ)?s;ﬁeﬁ@rﬁxdconductI vity type in the
sem conductor material_ (102), the source region (156) spaced apart fromthe

first side (11 511119?atd*i@nﬂfﬁglg@(k@iwftlawscqqdmoadwyzytm@aeéh% and forning a

drain regi ] ctor
mteri ol (T03oofstoP bl (18200 GRRGNEL 148} shotR abdh 08, 1 STLEERENC] o
(116) by t(ﬂé6)slgcthadeo(oﬂ1&8)28€)raddfmnﬂi(hSQ)]@ﬁ&ers.pacers 9. The met hod of claim
8, wherein formng the halo region (120) conprises inplanting the dopant
of the first conductivity type into the sem conductor material (102) wusing
an angl ed ¢ npl ween 20
degrees and S%Qe%%gigfma? %‘hrge‘?g%%@dftogﬁghgﬁgr%%?@??ﬁg? %@n&rﬁt@ e nmaj or
surface ( liplanting theTdmpantedfitbel fit cahdaictividy typhdnteithe sehdcandgéteri miatgriab(1025 or
form ng the.hal o regi.on a ebe ween 35 degreges and.45 degrees
with respe‘l?fngt%lai‘ggegﬂg’é’i%rw S?IHEIP T‘%ll ‘?Péf‘?ﬁke%%ﬂ ! e@fen%g hod of
claim9, whrsyde t&pmtrbgwcﬂtb%cﬂ&eﬁ&&n&inaﬂtﬁhé%@a?&%u%wa@h}VI ty type
into the sem conguctor material 1ncludes using an angl ed ant that nakes
an

10.  The method of claim 9, wherein the angled implant for forming the halo region
makes an angle between 35 degrees and 45 degrees with respect to a direction normal to

the major surface.

11.  The method of claim 9, wherein implanting the dopant of the second conductivity
type into the semiconductor material includes using an angled implant that makes an
angle between 0 degrees and 25 degrees with respect to a direction normal to the major

surface.

12. A semiconductor component (100), comprising:

a semiconductor material (102) having a major surface (104);

a gate structure (112) disposed on the major surface (104), the gate structure
(112) having first (114) and second (116) sides;

a source-side halo region (120) in the semiconductor material (102);

source (136A) and drain (138A) extension regions in the semiconductor material
(102), wherein the source extension region (136A) extends into the semiconductor
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angl e between 0 degrees and 25 degrees with respect to a direction nornmnal
to the major surface. 12. A sem conductor conponent (100), conprising: a
sem conductor material (102) having a major surface (104); & Yhreh2807ucture
(112) disposed on the mpjor surface (104), the gate structure (112) having

L) P Rl S e e D M lE) o] 58 G L e
regi ons i nxidaSiof @é@i&?(‘l@%@)@s{lgf@é@ dpbed a(pm?f}oni E}i&%@dﬁg%{ﬁgg%&ﬁﬁz g‘-ai ensi on

region (136A) extends into e sem conduct or ) erial
(102) undestrugtyee (a2)ksuch thes the sougceidryinfextemsiph eegiionssire asydemdtiid:Andand t he

Si de (116) o trueaal D) sbit At traiche 58 Eineeihidnaiesd Satsral bl <°°0"
ext ensi on sbaﬁiegr@s)ah@dﬁasﬁ{M? tdgfonsuAfhcERUhE Rshebifd scinét dBBANanEaianNs (158)
in the seni conductor materia 102), the source (156) and drain (158)

regi ons adjl3®Ahextensionregionst i ve source (136A) and drain (13 8A) extension
regions. 13. The sem conductor conponent (100) of claim 12, further
including: first (127) and second 9128) spacers adjacent the first (114)

and second 3( 116)he seinfiemdoétot bempsieait OOM6R dlsith 121 fdther iRbiied:i vel y, wherein
the drain extension region ( Is laterally sPaced apart fromthe

13 8A {
second side (1185t @27)xand sseond Y28y snagers adineent thefirgt ¢14#4) and sesond AA®) f ourt h
(154) spa i st .
respective ye,§ 0%{ gf%ﬁ&ﬁ?gﬁg 1ulr e e%p%%%elgf%eg@gﬂ%d?&%ég }‘?ng%pgﬁégrgpg Sg)i gned
to the thislaterallp acedapdrofiomithd Sodnd sida CHIGS of tissgate Struotlrg (1123; and
third (152) and fourth (154) spacers adjacent the first (127) and second (128)
spacers, respectively, wherein the source (156) and drain (158) regions are aligned to the

third (152) and fourth (154) spacers, respectively.
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