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TRANSI STOR AND METHOD FOR FABRI CATI ON THEREOF
WEAUKGRGAIND FI ELD OF THE | NVENTI ON 5 The pr eseRCT/US2004/000486
~ disclosure relates generally to sem' conduct or

fabrication, and nore artlcularl to ion

i npl ant at i onBBPé’c"@@Qég aﬁfmﬁ'gTQErﬁ HUEPBFOR

fabrication. Descri ptF BRIGTIONIHEREQ o g Ar ¢

Sem conductor-on-insulator (SO) structures have

advant ages over conventional bul k substrates such as
BAGKGROHND| on of | atch-up, reduced short-channel

effects, inproved radi ati on hardness, and dynam c
FIEEBQH THGINVENTIONDNng ot hers. Because of these

advant ages, seni conductor devi ce manufacturers

c onfiepleyenf disclosunetiatbs-generatle to semitintw e fabdoationS dn@oke phrfic@Btly to ion
impfaﬂt?r%ﬁk_lw_l%geggesc‘dugm nzi)lct&gab&gm Structures. In a typical

a source an rain are forned in an active
sem conductor region by inplanting N-type or P-type
clat e |layer of sem conductor nmaterial.

Bet ween the soqurce and the drain is a channel (or
bo dSFyricPlypterrPI-IsHaoE SR piEvstuTeshage afuaniages e pqnyational bulk substrates such
as eliifi@ibd d)mﬁdheipyredubmlﬁﬁfl_@ﬁarﬁlﬂ efiRt, ifproDhadibionShildbtss, d@$namic coupling,

amoﬁg 5ﬂgpps E&Eﬁg j)fgﬁlge aﬁvaﬁt €S %g’ﬁll CQ)Q 9%1c§1§1£n%{%cmg FBE on}é/\dr%ci)r%rr]netal-oxide

to const
semicndpstr feld SffeCH@P%*ﬁt%ﬂWF?TSP o &%W&f acture of
partially-depleted SO devices such as the t-type or
" hamaepickl abFEgatsaurelamid d’rzﬁld:&e HHRA il a0 a&ﬂv@semﬂcond&ét@-regjon by

unpllarltingﬁtt%p%%xeﬁ Y@ed}nglﬁltlgg %We ?J/%r of se ?V{Boncductor mate {? eB een th? source and the

or ar
draiy i p ghappist (@r Rofa regiog raeve W§1da1s 8 eatkfmsmmie alélfcatunarv@nw@ﬁﬁreﬁ dormed on SOI
strudht‘ra R&énShk e iencRCIRUAGIS b&d?%ffé‘ch@‘BE) Qhici 18R t&h@d‘ekel@ﬁneﬁt"&?tleagody

consg'u %(ns tleclihlmf:c;‘ll?ers] 1<r:utlar181nt121le nlgaélg é r%f gaﬂlﬁﬁ%ﬁ%%?d%gzgevwes such as the t-type or
“haﬂweah@ﬁ relectlpé‘fﬁe¢1§nfl§r ted in an active area having a
first region 2, having a first wdth, and a second

I e HION iHustrii@ i kdpGied of 5@&6&11 liypd gl Hansﬁ@ﬁltoﬁﬁ&&dﬁg t@rﬂ% prior art. This t-
oo RSy Ly, Ml B SRUME a8 L B b g
polyplgcog pestign 10 hetFge, thezate R pid theoitict 3jintregipn @ gesembles a hammerhead. Transistor

100 § rfd?ﬁ&d‘lﬁ &pafch@rdﬁh h¥In8 WeiRf rEg1$n§QP§avﬁ1§ 2584 v3&R randlggcotlﬂ Reior™, inmg a
et al

trate
scop] s i S5 TS T o0 ¢ PR et D08 g Anpen g or
type gitowasigerd0 vphoprustFIg.Rsi de the gate 9 sidewall. This
cross-section results in the source/drain (S/D)

eXtF@@ 9l iMRat aazras;i sbuaib \l'léW&f@-%&ra@mst&ﬁﬁkﬁEﬂxe)’A Bir1d. hewﬁﬁl 8985, 3
IS se

s P dReRd P 4 GO s B bkt g i e
gate fraiferfall.c Thir drosgrserti@n msdis gl so@oviyam@AY) sxtensions|8@nd Rloimplants 6
undeﬂgflhéltﬁé &@@ Shel gﬁle b l)&';'xg sllovs‘nn @‘}OH@@G |2Sft)is @Jeﬁ ﬁl& trau?S‘s{‘oi'I FdOlﬁEl%%s partlally
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structures 18, insulator layer 11, substrate 12, dielectric layer 17, source/drain (S/D) extension 8 underlying the

Des

gate 9, and halo implant 6, underlying the gate 9.

While tied-body transistors such as t-type transistor 100 avoid FBE problems by tying the transistor
body to a contact CMOS scaling, has resulted in increased resistance due to attendant reductions in the cross-
sectional dimensions of certain conductive structures, as well as other factors. In t-type transistor 100, there

are several components of body resistance: a) contact 5 resistance, b) resistance along the width of the



10

15

20

25

30

30 gate 9, and halo inplant 6, underlying the gate 9.
Wil e tied-body transistors such as t-type transistor
‘WaQWsansidd FBE probl ens by tying the transi st oPCTIS2I04/000486
to a contact CMOS scaling, has resulted in increased
resi stance due to attendant -feductions in the cross-
. ec&g 3 di nensi ons %{ certain _conductive structures,
angdor A& gHhEretTa & it Q Pgypliresisiapce upderieammayheadytd along the
bourtdhpy joEthe ladetisimplen &bm canjsion &Misplaft. body resi st ance: a)
contact 5 resistance, b) resistance along the wi dth of

t h GOMQ t@%s@%@@&ﬂpo%ﬁy nH&%QQéVe Q&Qz&g ¢§:t resmft)anger @&ﬁér?ﬁy%e smallest

te stru |nc

por PR Qi b (RS HREF AR 16 o A s deeressed somenha by
the Holoumplant §, alyb kitolve adpockyt itnplentd, whiklenvimdily exaites adwphs a6 le®i Bout one
ordek Ma%de ggate} 11;1& tﬁJu;eﬁ %nﬂ'kﬁl? &o§é 1BRf eWQlPﬁ@%gFlP&? arﬂ%@xgg downward in

above he contact resistance Is
W%ﬁ?ﬂu%etmg rEhelosh waieh ke ked o ap gerspse Pasiistea feder teppgysiicon hammer
headr 1@ Such tharthieregistongeomb@emihahitbbgua fo doliatg &k Bodg kesistadctlr € 9 1 S
decreased sonewhat by 5 the halo inplant 6, also

kn q}i\@ddﬁén pégﬁé&%t: pﬂoﬁghﬁgﬁ B exa\@g{)&%l ﬁ%{@%ﬂ er{ogxgrg SYI& as @Pen

dopant dose | evel a bout one or
sourgeffain qieasiqRlpnletiongpas Fipatesy iach gpder %lvapme’ili‘?ﬂdé%tas B FIG. 3.
FIG.grigantenlengehhencpf d@utivedttheit-fype Caukist@N00 STENGIfl acsk the hd’ﬂ@ner head 10. From
FIG. tﬁfg@&gieﬁ%)ébeg y él? }h%%?&a& H) oqﬁ é eﬁ_stef)%s eavelhcrr]e{ L ?p]fl‘h o@tcreglon 14 in
the changsl yrdgribehapgribesd d hrivhich esubie Brinrrenssd epejsiinae tTdis mhpeometyns illustrated

from'2@&hes padpedtive ih RiGaadi ti on, resi stance probl ens can be
exacer bat ed by depletion phenonena such as when 10

S O Lﬁ@ Ql/ '@Is@d.tég g%r%r!én?i d& f g&Ju(glgl Og a\%%pc{rgl%%te ai%gé Elle Eo(%nq
mleFﬂF@y Isnei Bgin §H35é n ff%?rpgehreﬁﬁtegleﬁ 1405 prentadiby Fhe o¥erluniag tepleigrenreas 13 is

plainllyf s8éhS ITBd @te widiO7 @fndﬁit@- bydhe rd%ﬁé:ffl lﬁlgh@tpﬂ?:@{ﬂgﬂf tthﬁﬁgxeria&d lJJ: EI‘QJJ]SGCUOII.
ea
et ol s & 4R e et Tk ot P e

to pipgh offt he channel under the hanmmerhead 10, which results
in increased resistance. This phenonenon is
|| TR Afbtholl (vRIBA FBREHE thedd %fo‘é]é‘ﬁ@atnﬁ URitdtiBnsFlofid béuse D
FIG 4 illustrates a cross-sectional view of a portion
100 of a t- type tranS|stor along the point indicated

PR g YINGSDi nch of f region 14 as

created by t he overlapplng depletion areas 13 is

pl ahepryses @elosurt gy Gpetieter widektstiod? anid $ts inmdioostta@desiayd ddd@tages made

appagﬂtstpﬁgse sﬁlﬁkﬁ“fll tﬁ]eoﬂtﬁog E‘éf&]%cﬁl%]thg Q:g nlg)?lg)é@m%% :&towig [)eo %greciated that for

sect I"on areas
Simp e aan C&ﬂ&w% #lpﬁfﬁtmneréemevtﬁ Huyrpiad i dhe figgeshavsapimneqepparilyy been drawn to
scalel mfemedtm @bl vE &nfd Wethe dlénepts A6 bxa@éefated 26416 b18drQleRents for

clarn? &Ee%r vantz}%el fézl&u ?s\éa%%c arac erfsguis ? tﬁeg% E%Flg\ﬁlldﬁmak_mdﬁ_?éeranon
anc ipafie RESGeCRhalnyspis sishuctust, vl tesssomenadiy Oﬁ@ﬂb@ﬂ ganomies of manufacture,

will M@dﬂa@aﬁbﬁdjpo@d&ﬁbdeiaﬁﬁlrb‘ﬂfﬁs foﬂbk;ﬁflg %ﬁilﬁﬁﬁ%ﬂ(ﬁﬂhﬂnﬁqmw&%ﬁ% the
t.0.t.hose e

accom%af%m%d%g)vpm ! eap ﬁgwhlcél g%% é)ﬁ'?/ ?grrllbe S&E‘plg\(]‘ﬁtlﬂ@ gv%erfue %/ffrer}g%numerals

demgagpqrogeqpatd@g party it thef vayious figures, and wherein:

FIG. 1 is a top view of a t-type gate transistor according to the prior art;

FIG. 2 is a prior art, cross-sectional view of t-type transistor along the area indicated by Line A in
FIG. 1;
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simplicity and clarity of illustration, elenents
illustrated in the figures have not necessarily been

__Wwdnensnisa4 25 scal e. For exanple, the di mensi onBCoOUSS®ABO0486

of the elenments are exaggerated relative to other

elements for clarity. Other3advantages, features and

characteristics of the present disclosure, as well as

met G 15 alareapshof theonyiew ph & pardnneot e prios prittums tapsisioppfFIG. 1;

of structure and the conbi nations of parts and

eC ofIond #estratbs arveonuideetiohal view of apiribd arthietgr® rensR{oPASHR tHe pbipGitiicated by
LinciPRFic¢r ation of the follow ng description and clains

wth reference to the acconmpanyi ng drawi ngs, all of

which forma par the specification, wherein |ike

et BPen Db ot s b et b Rt BeBA R FgRp exension
implamts drdaed inurfaboicesion propassescordmp t onhanbediment b tha prékerit Sisaostirep

view of a t-type gate transistor according to the

p ri ﬁﬁ Afifustrafed eﬁop glev{' of tl?c c%ﬁog of #1d regigl{é (ﬂlsastf'aﬁvrs(ﬁ% Id%{l}@ Iacc&]dﬁ%o at

e transi stor. along the area I ndica Li ne
1eas‘1°ﬂe e“tbf’%ﬂeni" TiRpropHerdrss44 PCT/ US2004/ 000486 -3 FIG
3 is an enlargenment of the top view of a portion of
t heFIEr 1 iustratesta ctoss-spgiiondl vigw sf agioipon ffa t-FypGrandistor dEWi€8. fabflicated according
to at'le!aLtUl%teﬁﬁgcﬁrﬁen@ot{f}{e%%enﬁcﬁﬁfobwQld view of a prior art,
t type transi stor along the point indicated by L|ne B
IFEC% 11 FIG 5 strates a top view of a portion
f 2Ct lt'ifbﬁ“tarcét’ﬁssﬁeﬁt" vigh, Pﬁ‘é‘mt ‘H"ét S8t TeEy rda‘i“iﬁ’ fabricated according
to atdoast emessmberimdnt ofithslperdntdiclosad ed i n a fabrication process
accordi ng to one enbodi nent of the present disclosure;
FIG. 6 |IIustrates a tOo view of the creation of halo
CRIPHAN QITH : BODIMENESY:ording to at | east
one enbodrnent of the present di scl osure; FIG 7
i | 18 pregptdisclesuts progidesaarethodienion ipiplapjatish fog pmétrcmg@rmserorsauch asat-

type"trartthl@ﬁzvithﬁ@Jrlde%B@rresQﬁﬂde CenefnBibd &ﬂfpﬁ‘sﬂs tﬂé:.‘%?)g skiphPing & @mﬁ:t)nductor
SCl OsSU

vt Pty e SRR TR Eoh Qs B R S5 B e oo
first pdsitign telatiyeyieea tepra path efthgriondeptantion deicd i atderdo ebtairor sdbstagtially gon-
orthc%tl)znal &&BricRRdn 8o B attlcn I\%{e %%Eﬁollgtvﬁg hidSHEBation to the first

| PTI ON OF THE PREF RRED E present
postii s LU SR HES B, NG o BPPPT SR MRS T P Glanatin
regiqorobitiereaterg The vaafis issteo rogated tcd se@8d Sbsrantidlly pen-drthéposdl 8t brientation,
wher‘é"aﬁo'therr 1@191'14155@&&%9 @%oﬂ'dﬁééds tl“ﬁip ﬁl@cess-wrﬁm&? tnn%e arﬁ%ér sﬁ&l tﬁalt] ﬁlrther

1ﬁ)acm a sem conduct or r conprisin

S“bsij%ﬂa ‘é’ﬂ Q@ qeppaLiyists g lPIh"B]P]é‘ﬁfth‘ﬁ a&rfo’éi’é‘?)f?dc pntil %@esmd nmnber °f

implaeibiconsidcieasd. waf er is then oriented to a first
position relative to a beampath of the ion

' np lTMe‘rﬁ{oh %rcgﬁé/s tﬁ‘eQHﬂttQtlogg &} %fevﬁ)\g nﬁﬁ%@a‘tl&l IﬁetlgbuﬁéltpgeQEIﬁrﬁ‘é z!n%ncrease

non- orthogonal tw st orientation
in rejisignpp cayierd ‘tnﬁiéplfj'at pegigppgesocigtcs) Vrlfarﬁﬂ}@teth*ﬂné ov§Hlapaing Bithegpgion etween the
contdchdd Eatetr hbhnnel OISIdY-ti@IrSOT @dnsikte@.SThe @dtod thuk r&es the total lf)dﬂf/ resistance in a

trans%%?qaﬂ off m@r@as%l tﬁ%@&al@erf&n&%p &a&&&%ﬁ& of thes‘devtngJ lIr?thdft‘” gn Ithrg: tproesent

method is appropmatg}())r integration into existing manufacturing process lines for advanced sub-micron

integrated circuit semiconductor devices without the requirement for additional capital expenditures.

The present disclosure is best understood with a reference to the specific embodiments illustrated in
FIGs 5 through 8. It should be noted, however, that the examples described are not intended to impose a
limitation on the types of devices or process flows to which the teachings of the present disclosure may be
applied. Various devices and fabrication processes utilizing ion implantation of dopants are known in the art,

and many would benefit from a cost-effective process in which the suppression or reduction of resistance in
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region of the wafer. The wafer is then rotated to a
second substantially non-orthogonal tw st orientation,
‘WaQooshwesa4 anot her ion inplantation i s conduct edCT/TiS2®4/000486
process continues in the sane manner, such that
further substantially non- of‘t‘hogonal tw sts and ion
I ant algl ons e conducted, until the desired nunber
e'iWr“r‘iﬂ Heq gh" 4+ eniact inFIQ. Syapd dhg satq pannckaragisgby the overlap of
depkamrregmsotclhted Wit/ diffusionsreas as pis@asediginl Mpl ant ati on
met hods by preventing an increase in resistance

caugseds fyseen! t&l Vi beh 9(9{1&@% &3385p¢ %ﬁgor%g Elmgoﬁluctor fer having a
et ween %?

xtenS|ons over he regi on
Bt LA S R TR 0 oo s SEPh ARG RBRSFIC. 5o
masl hger @b bvedying theurstive exdioo @4 thitsamndlepped to Rgichy4 66886, 91 EHe SO dxidnsion 28
lmpraataraﬁ ks%EI{%Faﬂ¥ mmsﬂe@&a&gﬁge@ tet:lﬁﬁ;lu&\fcg(g@. i DS tv%ﬁ%%gmg from 10"

ar@ctgrls I CS evi ce
om’ p‘i“e]é’e GE AEPRYED teapdetsis caths ordsrofp iy ecgfr é? 1% 1$07” Aange. As seen in
FIGES ih8 bdurvg/diamRtérmiohs 28 |eﬂg1dmrtaaa§esof khie RESMA 1R 200 VRINE®ibg the S/D

exteﬁs%?l ZMa(ﬁ tion uﬂﬁc%gﬁ QltF?éj 5,1 d h%wu'g%gn?ag:?org &Puré'l gst sg(%‘wnlqr? i*[ IIGCt?, %vith the

out” the requirenent’
resug&%’é*ﬁﬁlinﬁsﬁrﬁté‘k‘?y aﬁ@%sent di scl osure is best
understood with a reference to the specific

enbiidi qithitratesi altdplisdis ol the eredtin of 362 hkib €agiohs %m{pbbt@fi 2@. 1d dn embodiment,

the S%Jﬂgbﬁdgctg%vagplg dr@eateﬁ‘fg%lys?%dsmsﬂglgtlu;e l&)e %{ﬁ%%l paﬁl :%s msc‘hc?tecpbé/ arrow

are not 1 nten I on on
numpgr 3 e The purpose pf this gicaiation f%%éant asulgtantiaHy @qn@rth@sz@hﬁwwg@le@tﬁnon
betviebrethq et f4M 3 1Ch&Mhé Sxfel bEre i) cB®. TR t@ﬂt or Mﬁsrt bif¥dfation as used herein
may%e%]o fﬁf of ?snaglalg%gsrtla g*laéln 00 r 0 2 ?{}S]sg) V\%’]Sn all%ct: at{ H%t 1%%fnonstr%ﬁdoby suspending a
modﬂlaiﬁgr afipjp @ letel lsendisipin ’QY af\’rl@rhcaefb@ e capfef dgtavipelqfrao ugt movement of the nose

of thelaik Gdk deli®s RHPME REBIRNyM axkeduct i on of resistance in WO
2005/ 015644 PCT/ US2004/ 000486 -4 the path bet ween t he

g g%ﬁe m%t}mesg (%nen atk?n %Q% afg:rst ecés%txio 611 %Plpg (af 83}@@ fi?pgﬂ%rné‘&lf%‘?ﬁi?to a first
implagation fegipweef tiphsisker Bﬁ@népq df ths iwafiar. dihis dmplantstichi resglsgs thel creation of an initial
portfdﬁ bQihRlo ofdobket lﬁlplaﬁtlrééiﬁ)h b&loEtedsh tt‘lé)é@tl\)é Wn %deﬁha&%%ﬁléagao SR

si.stor _on.a semc uctor wafer havi
oo b o DS B e QAL L €L D
paths ipdirated byl tha korows onrbtiesd 82, 23, aak e i2RIG. GAkrs thersdaoiath ot rwitk rdspectbve halo
1mpllcu§ati@ns ogcu[‘m@ |§t elaé?%?{he oﬁﬂ(%ﬁrlay tlwﬂ;guuc 11 uoﬁsc thll Hf n{afﬁ%} leov‘grf‘ap between

I S anal ogous to region
B eSS iR e Pt gan@é e ’g‘ﬂr é’eaelahﬁllq sppgimplanation

regi@mea® b@l‘lﬁ]:ghet frsttirglémcatiopregonk the tMid ity dviréap &ie fourthyiadid so df SEStoresist block

f . i.cal
T L U ey
implayigtion, P‘é‘ﬁl@é?" ]A%ge%ré‘é‘ﬁeq n FIG 5, the source/drain

extensi ons 28 extend to the edge of the hammerhead 20.
Folth avdnbgditéng, tHs/idd speeiet @ilisdddinring Balo replb@rd ifibla@iation 3@ inGydt @bant such

2 lﬁél..b Ilogatedﬁn g{gﬂ%ﬁ'ﬁ@&%of lth@?érﬁ@& %@m %%h g]‘fogé'ﬁlo% g’? ?nognexbenlbodnnent the

ion spyefsg lmpiaafﬁi‘jls 8 P-Oipp doparg; €, Flgraenisduad ingroup b3 YHAME Ge petah@c table, such as
borof (Baaﬂ‘he@erpoﬁfet ﬂnbﬁntktiﬂhsfbcﬁﬁ@lnﬁﬂlﬁm B6&ml oﬁrr@i% fahd éﬂ&glgé) Bor eiaﬁhp@ Ifor boron

(B), gwnlgea{n ener@/ r%nggs:‘]é1 I eﬁ:ﬁt V@'?(d‘y wthlqe thc\al\?ea eneFﬁ§l 6&1011%(%% oqtgrgemc (gs) are from 40
keV fofd |ke‘étTé@jhab>>pr ke Wlplqntamyeipses@ rarfzh o ift oz ¢016¥ crhywith 10° om
bein@4 iysitdl &dliv@&l do&. t 0 obtain a substantially

non- ort hogonal tw st orientation

U

as el

The substantially non-orthogonal twist orientation can be 45 degrees relative to the gate 29 edge, as

seen in FIG. 6. In one embodiment, the substantially non-orthogonal twist orientation can range between 30
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bet ween the beam path 31 and the gate structure 29

edge. The termtwi st or twist orientation as used
_Woeowsinsatd may be thought of as anal ogous to t RET/US2004/000486

hori zontal yaw axis of an aircraft, that is

dermonstrated by suspendi ng ad- rmdel aircraft in a

| evel condition by a wire | ocated at the center of
degrggs 404 QOyfleereg i a 81“1’? eRPRdimeRy BervhtantiFlly pepeoriiesornl vt oxigyiation can be
betv@brt rdadrées @Gl Hepread. U)lfbg;uﬁsfaﬁilahpﬁdn-bﬂlﬂg&ial ty@véri@dtition is chosen based upon
the cF gﬂ'eh pe\é\ﬁlpghlt:hvﬂwcbivesocr hs%;a%o?{ﬂe%‘g tﬂ/eof éle Ee%tlreplgis \%rlglc {nplan%s such as

pe or 6y ant s |

halol‘%?"é%??‘a{eglw -of transistor portl on 200 of the

wafer. This |an antation results in the creation of an

| ni RIGal illusB@esp@fobs-sontiond view Spbdion200 pOCkge trhtifdlobdblicd a&@ir(ﬁlﬁg to an
emb&ﬁml:n? Gﬁﬂegﬁjesénpd& Surd! ClthE yrgss-s&gé)ngﬂ/ egﬁqgﬁfG 9%%@? %dc V\{%H:h would be

transi stor evice portion
obtaigedpydiseesiiagiss theawr ifieardlby e ét“} Bfisl- c’ﬁlw prample HPPeIE(’}bn FIg. 7 is that
of abmmansa&t aSpldymg p&adle de;med SOEmaLfaWg wmblegﬁ doz{:ﬁ%nen%?m FIG. 7,

wh1c§1 were nol’tl lustrateﬁi 11i1 F I@ 6 rlrnrc):ﬁlde lfO?attlo orL Sp Sct%r%sgﬁ,rl?sul’atow d{er 31 suﬁstrg?e 32, and active

regwnh é2 wda4-ofbe h@gicmfa# arg ijfjisyetedypr referenee pwprses, eIVFn thvilsthemesiviog layer 21
has G¥Bn RMEvehap between regions of hal o regions 26 under
the hanmerhead 20 can be obt ai ned. For exanple, the

S eC srLd ! nﬁl’ia{] %h@‘%alc? rre]:giOZI} 6 S ds un 0By or%on ofI t}rerl)lamr 1?,r|hefa(% EOS otl;f geﬁe structure

an I'on’reg
29. ah@lhag ge eﬂﬁect qfh@ﬁttﬂrnég |t1§tden§qtlele$é of /D d@dﬁwb @gm@mﬁvmressmg pinch-off, as
seenfi@FIGOM Ng conpl etion of pocket inplantation, extension
[ rrpl antation, and deep source i npl ant ati on, or when

1118 rhq[é sgates %rogsﬁsgﬁtlonapwew of% on OI}E Fé/ﬁ&i ttrattt]lselstor geVéce g%rlcageﬁ according

ut iTrze
to an-pnbodirseny @fﬁmesgﬁn@woma@ TéP ernsemcgonlabmcéalq Bisgimilgnso the which would

be oﬁtM@éd vo tisdebiRn RE4sE RelirGa lﬁcﬁdaie@by 8aed in Fﬁh @Sﬁﬁ@w&pkﬂ:’ dh- regkdﬂ 53 is pulled

backﬁ ?rv%g [ gg(ﬁ\tpm (H"gdon(}ltéqn érhtg 0 phed q 43 %g&prbgag %0 1(s P(l)t In}&)nfested

Thisoyfill tebpdt np@lcneascﬂ totaltbadyi resjstagag Coh:alas thb wmstanc% E@reasérmwﬁtep brtet

manhf%llrﬁg In@lh&c@ Gﬁh@;ﬁi@% viblch %Qéd%wwe%ﬁ (rli3 @f@ 4)'32{11éjnot manifested when
or exanple, for boron he beam ener gy

prac?%@“s‘“afl}‘%"r‘i‘}“?g W?P{?‘qt“iﬁ tafé“ Resip- while t he beam ener gy

ranges for arsenic (As) are from40 keV to 90 keV.

TheThh akthodond grparkiest descrippd Aertimprioides (ho 8 Bexitderimplamgentifr. Gyithough the
mveﬂtQ)ilr ﬁasq;gé'n:ﬁestx%ﬁ) &sﬁlggmagx%pecm Eﬁmﬁl@slﬁ wﬁﬂ% ap;Qt%ht e EIXIEF ﬁmadle art that

del | vered, dose he su stantlally non- ort hogona
the ipygption isgipd lmHedioithsse Tevysyapplesy gor&éagwge@e Figglosrg ‘i?é’di’?)usP‘Hé create other
featig@het spgQifiedly @lustaied. I8 e@litioh,AheFdventiofd canlb&lermyidedwithatienamics technologies

)

Addifengtls griogiiypes of igpdgyplanaion ﬁeﬁw%f afe gAY availeble Hhigeeppld be syiable for use
in enspidy Sz @R nictbd 45 tANGH hasih. MQEQNa tha msdgh o émd@éﬂt GﬂheCfﬂé!erb Bvention

has l;%gn S‘ﬁ@‘%} 3l111& éesg’ l%?{ F(&‘&aﬂ%@r‘gm 8?01’1? % [ ceeﬁg'm vari al’hS tﬁe?’&% tm%rqt éﬁaer V% 1ed

onis n ’base
embfchreen&é@r m@@ora@él@fl tachingp, pictke ln\mt@n vegbeceasily p@etmaﬁpd layrthqaqs skﬂled in the

art. FRRxGPRIBEJNE n6el dntbBdifn@RL 08 the Sredfe@MdisWiufe Rrel idFRARE Eﬁth§ﬁzb@d§ listed
as halo inplantation region 26 are needed. 5 FIG

belof]| ustrates a cross-sectional view of portion 200 of a
t-type transi stor device according to an

Item 1. A method comprising placing a semiconductor wafer comprising a gate edge in an ion
implantation device; orienting the semiconductor wafer to a first position relative to a beam path of the ion

implantation device to obtain a substantially non-orthogonal twist orientation between the beam path and the
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enbodi nent of the present disclosure. The

cross-sectional viewof FIG 7 is simlar to that
woehbeshhisawl d be obtai ned by di ssection acr 0ssPCIAIS208800486

indicated by Line Ain FIG 1. The exanpl e presented

in FIG 7 is that of an SO-%ransistor enploying

parti all ¥ depl eted SO manufacturing technol ogy.
gateedern ] Aprlanting ft jegstpne jon spegips iptA a {{ist impigdttion regiga efithetserpicqnductor wafer
whike S senfigonduatot wile id is ok étst pritisgt r uct ures 38, i nsul at or

| ayer 31, substrate 32, and active 10 regions 22 and

24. The beam paths are illustrated for reference

pur frise sThearpiipd efiien difuthercomprisiag rptingihe semironduttersvafse torg second
subgt@gaw @6h-orMgoBa Bflst i]?ﬁ'enﬁii&i; and imﬂl:ﬁﬁngﬁa@i;&t 611]? G Qfcidint® % beREHAS
. under a.poriion. o e _ha ea 0 ate structure,
impl R R RES Pisiap ST i e R e o ftion fpon

53 of S/ D depletion region and suppressing pinch-off,

as neeff nTl%e!%leElb(iﬁ)f it_8m Z,mfexanﬁe 1@5{[ hﬂphaﬁﬁl}i(ﬁl%g?ﬁ talﬁi the second implantation

.Cross-sectjonal view of. a portjon of at- e : )
regigi) 86l et mE PR 8 Gt BEedEs G g e second implntaon
regiemdyerthphtbfirstafiplantedopegienent  di scl osure. The

cross-sectional viewof FIG 8 is simlar to that

whi ch woul d be obtained by dissection across the area

i ndite@t etheppthed ofdremss b 0 qofd @?’ whereinpthgssubstapyialfu pnegrthepqnal twist orientation
is4¥dxgiedn 53 is pulled back such that a depletion pinch

off condition in the channel 40 under the hamrer head

20 is not manifested. This will result in decreased

t ot #m obhy methed ftitemcle 1rad AT skercin ke substpniialln paneorthegonabdse orientation
is bdtldeh Be®ked alysotdbgee20 manuf act uri ng nmet hods of the

prior art which created a pinch off region (14, FIG

4) are not mani fested when practicing the

maniteinetc t Theimetyod efdtbms Ig Ueamd i Awigghvin thessuigstantialliT he-ontkdgamditvwasn okientation
is beAPRAT PlebiSesdREBIALPRI herein provides for a flexible

i mpl ement ati on. Al though the invention has been

descri bed using certain specific exanples, it will be

ap piaeremt THe methbdsfdters kivhkreid the fontspeeiesis in d-tyget dopdnhi e

invention is not limted to these few exanples. For

exanpl e, the disclosure could be used to create other

25 Yeged ubhe Sethert of pye bjvwhereia e jonjspecigsis # artveridopinty addi ti on,

the invention can be enployed with other device

techngl ogies . to realize reduced resistance .
et of Bk PR T e SoHGH S0 S e deBES G ppigsgnd a pammer head
portgalieeie patinpfcapprising a firstdtd edge emial sbopnd gamredgousheteinpalistande between the

firstigRBledo 1] 303bifAiteht® BicH RVl GRS's Hafh; S iuyfitihoya d%%fa@!, hPhofnidthSnsistor

coul g be s |tab1weq for use in enployin he net hod as )
deVLfeaH&FHy“}f‘?ré‘PE‘F‘H‘.ner { pertign dgform %Fél{‘tmg?“tslﬁ S‘EP@%W%.‘H“ BIPBYRA frpaytfirst point
undep fhe himgnqpireadsm@riion thanieddsesota thelfizss gaadge t6 @vand Hiadiot @slerthethedmerhead
portiochQt@st@dsésttlaﬁ{e%écBndeﬁ%?ng with certain variants thereof,

many ot her varied 30 enbodi nents that incorporate the

teachi ngs of the invention may be easily constructed

by Itehaserhs kiethbdadd iténn 9, tWh&ein & ktep df@fiplead fakiRy comP@ed rhlaing the

] . ' f r t .di ) re a . .
L e
into pfitsHpplarEiep repien pigheiaasision dpvise; s¥ating Bip tiapeisterrdevigefies second substantially
non-6EHERd kIS Wisihridntiah; @ndEiehginting atddast o Ton spétitk Rt adtdoNimPRMARL region of
thetpa;liis%évpcg the sem conductor wafer to a first position
Fel'at i ve to a beam path of the ion 35 inplantation
device to obtain a substantially non-orthogonal tw st

or i 1RALIAL 1O PeBSE RGN 10, BRerdEBM B Ra119 B6h-drfl60nal twist orientation is 45
degrees.
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WD 2005/ 015644 PCT/ US2004/ 000486 -6 gate edge; and
inplanting at | east one ion species into a first
wonpisansati on regi on of the sem conduct or waf ePCTMIS2(108/000486
the sem conductor wafer is in the first position. Item
2. The nethod of item 1, further conprising rotating
the sem conductor wafer to a secaond substantially =
non B Phbtyaiard ehfipme 10 ghsreimthe tubdntially nep-oriopgons] fiip gricptation is
betviegra¥t degers and@n degreci es into a second 5 i nplantation
region of the sem conductor wafer while the
sem conductor wafer is in the second position. Item
3. Hegel3nBiemstrodef itpp é(}nwéere%%fu@§twtlglb{@orf?rﬂ1§gonal twist orientation is
betviebipl 5alagreds b5 dggeOn and t he second i npl antation
region are | ocated under a hammer head portion of a
transi stor device, and wherein the second inplantation
r egliteaml 4otk mietapdofitpie 9.fihergin the dpriagint aamitypa dererfi on. |t em 4.
The nmethod of itens 1, 10 and 17 wherein the

R 5 AR OR IRl o 1 s

wherein the substantlally non- ort hogonal tw st

ori G @t A %lcohcﬁlctpl%w&%{}mﬁgmg §g£n§i§t§r d@ﬁ& hgwgnvgﬁaegg&a g&‘ﬁonhand a

Item 6. The nethod , erein
hamgigyead Rortipn, e %aterﬂf?ﬁm’bf"t“ﬁﬂ%‘t%’?&im & %156 aafl P BFANG 8310 TsEe, gerein a distance
betwipet et cdibeddegid@e Secamitiatd Bigt Bate@ets’s witi; 4 toafiuduslyidged region

Eﬁ&g]ﬁ% aq{rit %&uﬁ%&et t?%ﬂ%%l lﬁ:a%[!lﬁ%oh 8l 9 8(%%1: Sﬁxelﬁl:'st %a e!na%e P& second

locag(ﬁléjeileé the ngnngr—beafl W@nd@b@ﬁgses’c Fott]éq-lspcgmd gglgem'; ti(ﬁ’é‘ﬂ underlymg the hammer-
heady ot foshifgla doRtinibudly-dapeti Fegios bxEdntihg BaVd G phiaMindeg tha hgh@hefhead portion
h t he
that B%fogerstsg ?h%%gt ag%ip %‘T‘e gsgcogaalgc té(gx ug%ea g haénél%:eglﬁ Borftld%?ha is Qlosest to the
%“mﬁ§$%ﬁﬁ>a di stance between the first gate edge and
second gate edge is the gate's width; and inplanting a

S g epﬂt ]§/7i ﬁ]ﬁ %%F]cgf ﬁgﬁ‘}ngtgrg]g tl% [Slsq%%glﬁéefol{smg tg? l%t%\glllergheehd portion comprises at
leasippnioh sreaedihglantd pdide thesgingster xvice wel auigntédrtoanicast biersglistapaliyton-
orthdBaAE fwidi Bigenfi@gyer head portion that is closest to the

first gate edge to a second | ocation under the

hammer head portion that is closest to the second

edgem 18t Ewtidvide offitem 1mpthbeid tekutistueilyhon-whieE@bnwishigicBiiopis 45
degr of, inplanting further conprises rotating the

®fTansi stor device to a first substantial ly

non-orthogonal tw st orientation; inplanting at |east

0] n Qteinqlg BP @6ice 5f it 7, whtrin &he fsﬁbEtSﬁtlalil}‘mh-&lﬂIOQJnBIQﬁhstr oRiBH 40N is between
ranS|stor devi ce; rotating the transistor
0P8 second substantial 'y non-orthogonal tw st
orientation; and inplanting at |east one ion species

i nt IRmR0Skhe Qafﬂ:e bm%hél'ﬂ byt fhe E\ﬁ)&h&l@llﬂfon oﬁﬂ%ﬁonﬁl&@@ﬁ;‘n@r t4%on is between
vice, Item 11. The nethod of item 10, wherein the

dev
15d§ﬁﬁ§?§ﬂ?ﬁ%w*@ non-ort hogonal twi st orientation is 45

exte

CL;’:)

30 dggéees an% 6{)

Item 21. The device of item 16, wherein the dopant is an n-type dopant.

Item 22. The device of item 16, wherein the dopant is a p-type dopant.

Benefits, other advantages, and solutions to problems have been described above with regard to
specific embodiments. However, the benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not to be construed as a

critical, required, or essential feature or element of any or all the claims. Accordingly, the present invention is



degrees. WD 2005/ 015644 PCT/ US2004/000486 -7 Item 12.

The nmethod of item 10, wherein the substantially
waamsgnsdaegonal twi st orientation is between BOT/US2004/000486

degrees and 60 degrees. Item 13. The nethod of item

10, wherein the substantialr§'non-orthogonal tw st

orientatjon is. between 1 rees and 75 degrees. 5
ot e 5 i s S St SR B SO i oo eover sh
altergatives, hodfsatipoy andtequivalehie ms &b be rEdsenabip inklodbd ofithih the 8pit,and scope of the
inveMf3gr ei n the dopant is a p-type dopant. Item 16. A

sem conduct or device conprising a transistor device

having a gate portion and a hanmerhead portion, the

gate portion conprising a first gate edge and a second
gate edge, wherein a distance between the first gate

edge and the second gate edge is the gate's width; a

conti nuousl y-doped region 10 extending froma first

poi nt under the hamer-head portion that is closest to
the first gate edge to a second |ocation under the
hamrer - head portion that is closest to the second
edge; a dopant underlying the hamrer- head portion
form ng a continuously-doped region extending froma
first point under the hanmmer-head portion that is
closest to the first gate edge to a second | ocati on
under the hamrer-head portion that is closest to the

second gate edge. 15 Item 17. The device of item 16,

wherei n the dopant underlying the hamer-head portion

conprises at |east one ion species inplanted while
the transistor device was oriented to at |east one
substantially non- orthogonal tw st orientation. Item

18. The device of item 17, wherein the substantially

non-orthogonal twi st orientation is 45 degrees. 20

Item 19. The device of item 17, wherein the

substantially non-orthogonal twi st orientation is

between 30 degrees and 60 degrees. Item 20. The
device of item 17, wherein the substantially

non-orthogonal twi st orientation is between 15

degrees and 75 degrees. Item 21. The device of item

16, wherein the dopant is an n-type dopant. 25 Item

22. The device of item 16, wherein the dopant is a

p-type dopant. Benefits, other advantages, and

solutions to probl ens have been descri bed above with
regard to specific enbodi nents. However, the
benefits, advantages, solutions to problens, and any
el enent (s) that nay
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cause any benefit, advantage, or solution to occur or
become nore pronounced are not to be construed as a
wonrpdsioasd44 required, or essential feature or ePem@IS200af00486
any or all the clainms. Accordingly, the present
i nvention is WD 2005/ 015644 -BCT/ US2004/ 000486 -8 not
intended to be limted to the specific formset forth
kﬂf )n the contrary, it is intended to cover
iti ves, nodifications, and equival ents, as
can be reasonably |ncluded within the spirit and scope
of the 4 methertdomprisinggyD 2005/ 015644 PCT/ US2004/ 000486

- 9-p13fad sdn&o%ﬂ\@@r l:o%pngmg £al¥Rd Qﬁan(f&lmﬁlﬁlﬁtﬂgdevme

Iplna%{ﬁnt %Sﬁl ?e%g%og ntglil:'l \Sa%eﬁ todi\gaﬁt %moxbrrrtcr[) é‘%?tst : l%ar{l P]aghaof the 1onglmp1antat1on
sem conddsgicop obteif esubstaptially ion-gthogoos iviit orenteddndtivea thedean path and
bean1patme$&emgqmaon |nplantat|on device to obtain a

subst nan- ort ho tw st orlen i on bet ween

© he BRI Al OBt P R AR Eon o e of ptroRagoraer vl
| east onthe semivorglpearivefr i imttle fast pasitist. | npl ant ati on regi on

of the sem conductor wafer while the sem conductor

wafer is in the first position. 2. The nmethod of claim

1, %urt hEP meBefAfPeinyy firthes cORPFINBE t he seni conduct or

waf Iefatutgmeaexmamdxmd»r Bafrsd @d’etdnakulbstanﬁﬂls} n6-drihOROd) Btist bMdnGition; and
ori;

op Pt e SR b R by o R AP o lbncuctor vt
sen1condﬂ% SFS%%HWﬂm“mWHﬁﬁé1&%@“§Eﬁﬂéﬁﬁﬁuctor wafer is

in the second posi tion. 3 The nmethod of claim 2,

whey ei n gi nd .

i npl ant a hle di ﬁtﬁ“"{r@gﬂa%“n@g e c%tg é‘%}lﬁ T (él}re%oni‘?gaﬁ%?‘ecﬁg Lgplantation
regigneret 1pqated widera hammey dpad pertiondhd y irapeistoraiadcening mhdrein thih cend dmyrahtation
reglénrmgrﬁpgtggﬁrgﬁ}npla{h%gdnqgkldﬁver | aps the first inplantation

region. 15 4. The nethod of clainms 1, 8 and 10 wherein

the substantially non-orthogonal tw st orientation is

45 4egr eds method of bleime t8haodl1 00fheinaliesebstintially mAdrtio@onal twist orientation
sadMagegin the substantially non-orthogonal tw st

orientation is between 30 degrees and 60 degrees. 6.

The nethod of clainms 1, 8 and 10 wherein the

subst ant Thankifod VB Blait 1,300 108 heleiditiftsutStatRIM dhloMdgondQwisBorientation

isbepvvee%Mﬁ)edggrg'eéargdeGgﬁeeg?ess and 75 degrees.

w

6. The method of claims 1, 8§ and 10 wherein the substantially non-orthogonal twist orientation

is between 15 degrees and 75 degrees.

7. A method comprising:

forming a transistor device having a gate portion and a hammer-head portion, the gate portion
comprising a first gate edge and a second gate edge, wherein a distance between the first
gate edge and second gate edge is the gate’s width; and

implanting a dopant, after forming the transistor device, underlying the hammerhead portion to form a
continuously doped region extending from a first point under the hammerhead portion that is
closest to the first gate edge to a second location under the hammerhead portion that is

closest to the second edge.

8. The method of claim 7, wherein the step of implanting further comprises:

rotating the transistor device to a first substantially non-orthogonal twist orientation;
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7. A nmethod conprising: formng a transistor device
having a gate portion and a hammer-head portion, the

wQavws/pssti on  conprising a first gate edge an#Ca&US2004/000486

second gate edge, wherein a _distance between the first
gat e edge and second gate e&&e is the gate's width;

and rr&l anti ‘gla do ant {zﬁtr formng the

t r dR ?“é‘f'% It e dh Pt |a§“lfSh@1P BH1OR ZitoR PHESHER Y €9vist

t o rftgingtha trarsisint devicrdo 8 begond eybeiahtinlygionorthogdnelndistogerfiationyaal

fi rnﬁlgl ;_.ltv a4 A ieadd ng@(fn sf)é@f%s ﬁl@%&f)ﬁ% arf®fRibd ﬂe@gh dr Iﬁ@'ﬁaﬂsﬁtor device.

cl osest to the first gate edge to a second | ocation

under the hamrerhead portion that is closest to the
seoond edgmicoluctorldevicetiodingf claim 7, wherein the

St %Qrar%[st& E&i&@a &R’ﬁlgg %ie%ohiaﬁgndggmqéﬂ%gd?ﬁomoﬁ Qhe ggt% gcgrhon%o&prl%mg a

t ransi st or
non- or t KW eatAdet ARt 8 tecqhf pantdas: hgsein v@t@mmareamﬁrst gate edge and the
PCT/ US2Q&:4hd 348G is thelodiels MpiaNt i Ng at | east one i on

Speg nt e the . :

tr %n én%g oluﬁyt goggd Ife%cr)n etxtref'(l)d?:%tﬁ%m a%%ﬁqg I‘ ac%rs tges ner dhead port10{1 that is
a secon Glogqalﬁg he first sate edee FPcﬁrfﬂ‘@P‘i Ihegtioyiagler thwl%ltmer'head portion that is
or i ent atciogt to @ggtconumgbant ing at | east one ion s peC| es
Id nta 0 %ntsu%éeqy%g %hgg ;lmgng}ﬁ%a& 120%1 glgygmm%a cont(l)r uously dro%eg regg)n extendmg from a
tr anS| s thit P@@W@@hmmmﬁ@eai @Hloethp*—o?rqlqwihto ﬁm@rsagate edge to a second
hamer heqgtiod @hdet 9 haminBEneBBloRioR Mktlid AddesE MR lsdodild Bt 8dge.

first gate edge and a second gate edge, wherein a

di stance between the first gate edge and the second

gatle. eddwe desict bfelaga?, @hgeimiheltidppnt andedyirigi tiethamséryhegi@prion comprises at

least oﬁ&blps'ﬂec?e)é Engﬁg e ghltertl%ryaﬁ’smtok fivkee Q&'oﬂ&nteﬂw feadt I)}E substantlally non—

nmer - h ortion that 1s closest to the first gate

O“h‘@ﬁ‘& tsbo”émgl%ond | ocati on under the hammer- head

portion that is 10 closest to the second edge; a
dopant underlying the hamer-head portion formng a
conti nuousl y-doped regi on extending froma first

poi nt under the hammer-head portion that is closest to
the first gate edge to a second |ocation under the
hamrer - head portion that is closest to the second gate
edge. 10. The device of claim9, wherein the dopant
underlying the hamrer-head portion conprises at 15

| east one ion species inplanted while the transistor
device was oriented to at | east one substantially non-
orthogonal tw st orientation.



