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ques particularfy in the manufacture of partia ly-depleted SOI devices such as the t-type or

“hammer head” gate electrode seen in FIG. 1.

FIG. 1 illustrates a top view of a typical t-type gate transistor 100 according to the prior art. This t-
type gate transistor is also known as a “hammerhead” transistor, because the shape of the block of the
20 polysilicon portion 10 between the gate 9 and the contact 3 in region 4 resembles a hammerhead. Transistor
100 is formed in an active area having a first region 2, having a first width, and a second region 4, having a
second width. Contacts 3 are located in the region 2 and contact 5 is formed in region 4. Another view of t-
type gate transistor 100 is shown in FIG. 2.

FIG. 2 illustrates a cross-sectional view of t-type transistor 100 Line A of FIG. 1, while FIG. 3
25 illustrates a more detailed plan view of a portion of transistor 100. Line A is a cross-section just inside the
gate 9 sidewall. This cross-section results in the source/drain (S/D) extensions 8 and halo implants 6
underlying the edge of the gate 9 being shown. From FIG. 2, it is seen that transistor 100 utilizes partially
depleted SOI manufacturing technology. Components in FIG. 2 not illustrated in FIG. 1 include isolation

structures 18, insulator layer 11, substrate 12, dielectric layer 17, source/drain (S5/D) extension 8 underlying the
30 gate 9, and halo implant 6, underlying the gate 9.

While tied-body transistors such as t-type transistor 100 avoid FBE problems by tymg 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
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20 Therefore, a method which overcomes these problems and limitations would be useful.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and advantages made
apparent to those skilled in the art by referencing the accompanying drawings. It will be appreciated that for
simplicity and clarity of illustration, elements illustrated in the figures have not necessarily been drawn to

25 scale. For example, the dimensions of some of the elements are exaggerated relative to other elements for
clarity. Other advantages, features and characteristics of the present disclosure, as well as methods, operation
and functions of related elements of structure, and the combinations of parts and economies of manufacture,
will become apparent upon consideration of the following description and claims with reference to the
accompanying drawings, all of which form a part of the specification, wherein like reference numerals

30  designate corresponding parts in the various 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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DESCRI PTI ON OFTheHEseREcoRRED0 EAB @D MEND( i5) implantation for producing transistors such as a t-

type transistor with reduced body resistance. The method comprises the steps of placing a semiconductor

LY - EAYA

15 wafer comprising a gate edge in an ion implantation device. The semiconductor wafer is then oriented to a
first position relative to a beam path of the ion implantation device in order to obtain a substantially non-
orthogonal twist orientation between the beam path and the gate edge. Following this orientation to the first
position, at least one ion species, for example an n-type or p-type dopant, is implanted into a first implantation
region of the wafer. The wafer is then rotated to a second substantially non-orthogonal twist orientation,

20 where another ion implantation is conducted. This process continues in the same manner, such that further
substantially non-orthogonal twists and ion implantations are conducted, until the desired number of

implantation areas is created.

The method overcomes the limitations of previous implantation methods by preventing an increase
in resistance caused by depletion regions associated with S/D extensions overlapping in the region between the
25 contact and gate channel in body-tied SOI transistors. The method thus reduces the total body resistance in a
transistor, which increases the overall performance characteristics of the device. In addition, the present
method is appropriate for 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
30 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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paths indicated by the arrows numbered 32, 33, and 34 in FIG. 6, are then carried out, with respective halo

implantations occurring at each of the non-orthogonal twist orientations. In this manner, an overlap between

regions of halo regions 26 under the hammerhead 20 can be obtained. For example, the second implantation

25 region may overlap the first implantation region; the third may overlap the fourth, and so on. Photoresist block
21 can be removed following completion of pocket implantation, extension implantation, and deep source

implantation, or when no longer required.

In an embodiment, the ion species utilized during halo region 26 implantation is a n-type dopant such
as elements located in group 15 (VA) of the periodic table, e.g., phosphorus (P). In another embodiment, the
30  ion species implanted is a p-type dopant, e.g., elements found in group 13 (II1A) of the periodic table, such as
boron (B). These pocket implantations occur at medium beam currents and energies. For example, for boron
(B), the beam energy ranges from 7 keV to 15 keV, while the beam energy ranges for arsenic (As) are from 40
keV to 90 keV. The halo or pocket implantation dose can range from 10" cm™?t010"° em™, with 10 cm™

being a typical delivered dose.

35 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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hal o or pocket inplantation dose can range from 1013 cm 2 to 1015 cm 2,

Wi th 1013 cm Zrhe method and apparatus described herein provides for a flexible implementation. Although the

invention has been described using certain specific examples, it will be apparent to those skilled in the art that
the invention is not limited to these few examples. For example, the disclosure could be used to create other

25  features not specifically illustrated. In addition, the invention can be employed with other device technologies
to realize reduced resistance characteristics in implantation processes during device manufacture.
Additionally, various types of ion implantation devices are currently available which could be suitable for use
in employing the method as taught herein. Note also, that although an embodiment of the present invention
has been shown and described in detail herein, along with certain variants thereof, many other varied

30  embodiments that incorporate the teachings of the invention may be easily constructed by those skilled in the

art. For example, specific novel embodiments of the present disclosure are identified by the items listed

below:

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

35  implantation device to obtain a substantially non-orthogonal twist orientation between the beam path and the



being a typical delivered dose. 35 The substantially non-orthogonal tw st
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FIG 7, which were not illustrated in FIG 6, include isolation structures
38, insulator |aye uhstrate 32,. and actjve. 10 regions 22 and 24. The
beam pat hs are ??nil %Is ? &éarflezla) f lFemrzefvg?’%Lﬁglgg‘ﬁUPB%‘é%tg’f‘ ’eé\?ég“dtﬂﬁc?ﬁf@ﬁd PRBNARBK ng
| ayer 21 Iféien iyelopatedaindsy ehmmashes@patidnief $fra@sistdr, devitpeand aherein thy se@pnd2bplentdtiends

under a porekioPéve@ps b arshiapRiREAdios0 Of gate structure 29. This has the
effect of constraining the depletion 53 of S/D depletion region and

suppressing pinch-off, as seenin FIG 8. 15 FIG 8 illustrates a

cross- sect i onal Itani @WTigfmeghop of itein® 1, 10 indal 7twhiyip EhetsiitaffiaBi Mh-oflRosb@Etwhish bich@@dne d
accor djgng s h9gR.enbodi ment of the present disclosure. The cross-sectional
viewof FIG 871s simlar to that which would be obtained by dissection
across the area indicated by Line Bin FIG 1. The S/ D depletion region 53

is pulled backitesihTHeh@tho@ofd@Rt £t A 10 w6k @k bubs@nidil doRBrthdgodaRisE R AER 40
under the ‘?&rt%%ﬁ c%%egs(gmia)dgot mani fested. This will result in decreased

t ot al body1 resi stante because the resistance increase manifested by the 20

manuf acturing nmethods of the prior art which created a pinch off region

(14, FIG 4) arenwtTHRRIbEs e WMehd 1P%agtih &k %Séﬁﬁﬂ%ﬂ—kﬁﬂ%&ﬂﬁtiwﬁ_gorientation
t echni ques%ée%gegﬁ erein,_The method and apparatus described herein

provi des f “SFBr e HFSfEnt ati on. Al though the invention has been
descri bed using certain specific exanples, it will be apparent to those

ski |l qg in the 13hly. tﬂ@&nethod of item 1, wherein the ion species is an n-type dopant.
Item 8. The method of jtem 1, wherein the ion species is a p-type dopant.

Item 9. 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

20 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.

Item 10. The method of item 9, wherein the step of implanting further comprises rotating the
transistor device to a first substantially non-orthogonal twist orientation; implanting at least one ion species
25 into a first implantation region of the transistor device; rotating the transistor device to a second substantially
non-orthogonal twist orientation; and implanting at least one ion species into a second implantation region of

the transistor device.

Item 11. The method of itern 10, wherein the substantially non-orthogonal twist orientation is 45

degrees.



the invention is not limted to these few exanples. For exanple, the

di scl osure could be used to create other 25 features not specifically
illustrated. In addition, the invention can be enpl oyed with other device

t echnol ogi eWO0 2085918644 ze reduced resi stance characteri sti cedrius20qaloanisgt i on
processes during device manufacture. Additionally, various types of ion

i npl antation devices are currently avail afl-e whi ch could be suitable for
use in enployi Egﬂ 412. rrettpo(ad as taught herein. Note al so, that although an
embodi nent of t Hé E)r Bebod qfism 1oowieraintte whumtidlgomorhingrne exighorigneation i det ai |
herein, al butiepenpt dvecesrandiboniegrassi ant s t her eof , many ot her varied 30

enbodi nents that incorporate the teachings of the invention may be easily
constructed by those skilled in the art. For exanple, specific novel
enbodi nent s of Yl Fkdesiiod gf ism 18sthersinghesubstratinlly honeatthbspnd] bveistiotiension i st ed
bel ow. |t ewivken & deptdiatt BaspEss.Si Ng pl aci ng a sem conduct or wafer conpri sing
a gate edge in an ion inplantation device; orienting the sem conductor
wafer to a first position relative to a beampath of the ion 35

i npl antPati on deXacd: The msHrdpfiterm Sswitvsdtirathe dophrt s amosypeddphogonal twi st
orientation between the beam path and the WO 2005/ 015644 PCT/ US2004/ 000486
-6 gate edge; aIpd in;&lcanhi(?%_at | east one ion species into a first

i mpl antation re§ifon oF Methed TdE Corstre t dopaet e P-tomRfenentt he seni conduct or
wafer is in the first position. Item2. The nethod of item 1, further
conpri sing rot gfiNg. : ' C waf er t second substantjally
non- or t hogonal q%\%rlgt% %ﬁwgﬁc{%t? Ilqigﬁge cé%én ﬁmﬁﬁﬁ%‘r‘ﬁ“?’ﬁgevﬁf gﬁvg§§§at8ﬁ°é“‘in8ﬁdaspeci es
into a selYRATE RysticinthiagatcgrTtioneimprisies a firkesats edee evinderondgatewddoewhedii 4 distanbe
se m;/\,{(*:] ondubtteeenvigffiedt gaiSedgdant e s&6:1G0E eNRS thd %&fb?shwiétﬁ;%%ﬁiauo-ﬂﬂ?f(gﬁ%& Q%Kgn of item
2, ei I I n i.on region and the second i npl antation

r egi 026 ar gm%%gigtﬁg%%t&ﬁ%@rﬂlt gniﬁg&n%rhea r eréaagf%?otniﬂ@ﬁ‘s §ipsest tq theyfirst eate gdee fpaseeomd  and
wher ei n t Fpsatiop kusigrths hepimariead pasiion thebig Flosest utbe $eeqs edghe dbpansitndériypl & hadh &N
regi on. | bhefpettionftmminglcbpludbly dbRiReibn extQaRPNHont ﬁ?@ﬂ% . %?ﬁiﬂ > ALy
non-orthoglgtqgilo E%stﬁ f%ia&g@t@yon& 1l is 45 %egrges. Ign?!éﬂrlﬁe%& .eplsrr%%g%gf
itens 1, 10 and wher & nothe SRS 'SREHRASs e Srmmitiprd gorian theni cdasest to the

ori ent at i ¥Aendiggte plgeween 30 degrees and 60 degrees. Item 6. The nethod of
itens 1, 10 and 17 wherein the substantially non-orthogonal tw st

ori en}sati on i?ten??’} wee evi15 degrees and 75 degrees.

ce of iten 16, wherein the dopant underlying the hammer-head portion comprises at
least one ion species implanted while the transistor device was oriented to at least one substantially non-

orthogonal twist orientation.

Item 18. The device of item 17, wherein the substantially non-orthogonal twist orientation is 45
degrees.

20 Item 19. The device of item 17, wherein the substantially non-orthogonal twist orientation is between
30 degrees and 60 degrees.

Item 20. The device of item 17, wherein the substantially non-orthogonal twist 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 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



15 Item 7. The nmethod of item 1, wherein the ion species is an n-type
dopant. Item 8. The nethod of item 1, wherein the ion species is a p-type
dopant. Item 9. A nethod conprising formng a transistor device having a
gate porti owoadwds/aasggamer - head portion, the gate portion gofRISEGI4G0486
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 inplanting a
dopant, after formng the transjistor 20 device, underlying the hamrerhead
portion t o™ Biehded tekshintitpis ths saecifiofsrrisct eh Beiein biton die aeptriy.Ghis imtepded &t coprs bush
under the #lanmeed)gadi@osds)adedulialtnt & 64 RIESEnabIPinkIBRA hitkiS the FAitANELGR of e 2
second Iocg&%@gTunder t he hamrerhead portion that is closest to the second
edge. Item 10. The nethod of item9, wherein the step of inplanting further
conprises rotating the transistor device to a first substantially
non-orthogonal tw st orientation; inplanting at |east one ion species 25
into a first inplantation region of the transistor device; rotating the
transi stor device to a second substantially non-orthogonal tw st
orientation; and inplanting at | east one ion species into a second
inplantation region of the transistor device. Item 11. The nethod of item
10, wherein the substantially non-orthogonal tw st orientation is 45
degrees. WD 2005/ 015644 PCT/ US2004/000486 -7 Item 12. The nmethod of item
10, wherein the substantially non-orthogonal twi st orientation is between
30 degrees and 60 degrees. Item 13. The method of item 10, wherein the
substantially non-orthogonal twi st orientation is between 15 degrees and
75 degrees. 5 Item 14. The nethod of item9, wherein the dopant is an
n-type dopant. Item 15. The nethod of item9, wherein the dopant is a
p-type dopant. Item 16. A sem conductor device conprising a transistor

devi ce 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 point under the
hamer - head portion that is closest to the first gate edge to a second

| ocation under the hamer-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

poi nt under the hammer-head portion that is closest to the first gate edge
to a second | ocation under the hamer-head portion that is closest to the
second gate edge. 15 Item 17. The device of item 16, wherein the dopant
under | yi ng the hammer-head portion conpriges at |east one ion species

i npl ant edvwhedos/ot beiat r ansi st or devi ce was’ oriented to aPcreasiooo®486
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-ort hogon@LAIMISt orientation is between 30 degrees and 60 degrees.
Item 20. The device of item 17, wherein the substantially non-orthogonal
twist orientation is between 15 degrees and 75 degrees. Item 21. The
device of itpm 164 WhRsELHmpASingopant is an n-type dopant. 25 Item 22. The
device of item 16, wherein the dopant is _a p-type dopant. Benefits, .other
advant ages, and s@huhigomgatlcd)opfrl@b%é’ﬁowavémf‘e Yd‘é%%gﬁfbgéﬂora%tgémvﬁ“@?herdegard

to spegific enbodi nents. ve efils: a n . | Yiol to
probl ens, aﬁbﬁnﬁﬂﬁfﬂ%ﬁ@@ﬁw{?‘?ﬁa@e rr%a&%n%rggasé P g%onb%@f EE(?;QE ‘3%‘&%% grg(j)'(e:?r%fr

sol ution to QEEMicoRrshRBEPEE LR a PloNdeRdgdombihatioh with e gaensitiae@os a
critical, required, or essential feature or elenent of any or al I.,tfgf

clai ms. Accorstimiésya hamengshesse@D), iomaieniepndugtonyasgroE B seugate portion (29)

PCT/ US2004/ 004862l -68 ﬁé’et intended to be limted to the specific form set
forth herein*'Bit et ’contrary, it is intended to cover such

al ternatives, nodilidig@atlicormmicanthcogwalal(2oi)sn ansorcanplheatieadonabl y i ncl uded

within the spirit and scope of the inventian. 2005/, _015644%. to a beam.
PCT/ USP®04/ 000486 ricafing i S?meﬂnﬁ%?fo\ﬁafgb??&ﬁ? 8 \?1\8?3? BOSHH Y& 42 2 05FE on
(29, 5ol BE R SRBAMBRRY iy 1848 80 el epmnaocs
orientation between the beam path and the gate edge;
implanting at least one ion species into a first implantation region (26) of the
semiconductor wafer (200) while the semiconductor wafer (200) is in the first position
15 rotating the semiconductor wafer (200) to a second substantially non-
orthogonal twist orientation; and
implanting at least one ion species into a second implantation region (26) of
the semiconductor wafer (200) while the semiconductor wafer (200) is in the second
position, wherein:
20 the first implantation region (26) and the second implantation region (206) are
located under a hammerhead portion (20) of the transistor device, and wherein the

second implantation region (26) overlaps the first implantation region (26).

2. The method of claims 1 or 5, wherein the substantially non-orthogonal twist
25 orientation is 45 degrees.
3. The method of claims 1, or 5, wherein the substantially non-orthogonal twist

orientation is between 30 degrees and 60 degrees.

30 4. The method of claims 1 or 5, wherein the substantially non-orthogonal twist

orientation is between 15 degrees and 75 degrees.



pol ysilicon shaped so that in a plan view in conbination with the gate
portion (29) it resenbles a hamerhead (20), on a sem conductor wafer
(200), the gate portion (29) having a gate edge; placing the sem conductor
wafer (200) in an ion inplantation device; 10 orienting the sem conductor
wafer (200) to a first position relative to a beam path of the ion

i npl ant at Mol 2aEBvilsed4 o obt ai n a substantpal | y non-ort hogarmat/sioousbo486
orientation between the beam path and the gate edge; inplanting at | east
one ion species into a first inplantation region (26) of the sem conductor
waf er (200) while the sem conductor wafer (200) is in the first position
15 rotati 6g t ha seibdonepdsing: waf er (200) to a second substantially non-
orthogonal twi st orientation; and inplanting at |east one ion species into
a second i npl aRR&PEoH SEBHOBMILTEABE contpaisiend ctrd addcoin wafier ippROktinni | e
t he senic?ggggtor wafer (200) is in the second position, wherein: 20 the
first inplantation region (26) and the second inplantation region (26) are
| ocat ed under ari¢mimgahheanicpatuctoe &0 Ofirst PesifisraRsdtist @6 adexhgath ahde
wherein the . second ipplantati on regi on (26) overlaps the first

i mpl ant at ioarinﬂ’g@gﬂt%wn(%g)?e t9 o afpish GHcBiptien Aptneen the beam pitk aad fhe gaie
SUbStanti&ieXﬁ®QﬂWQEQQ%QQﬁ§he%%é§%n 25 orientation is 45 degrees. 3. The
met hod of claims 1, or 5, whefein the substantially non-orthogonal tw st
ori ent ation i sinfdevernt3Gstdeyr masparics Gl ddgstaaplanBiod regitve divedtlyachdef a
claims 1 or 5, .wherein the substantially non-orthogonal tw st _orientation
s bet weelHBUERF REWOR R ARk el IOy O e Y I S

5. A net hogt SERS, SHHebin HleahinterRead PIHERANHAICE Sftc YEhe haf AL ® IrRithi RodAL €
edge in an_ion inplantation device; orienting the sem conductor wafer to a

first posiubptantially farmed aton sarpedevebastd fom keplan view the hammerhead portion

resembles a hammerhead relative to the gate.

6. The method of claim 5, further comprising:

rotating the semiconductor wafer to a second twist orientation between the beam
path and the gate edge of between 15 and 75 degrees; and

implanting at least one ion species into a second implantation region directly under

the hammerhead portion while the semiconductor wafer is in the second position.

7. The method of claim 6, wherein the second implantation region overlaps the first

implantation region.

8. The method of claim 5, wherein the twist orientation is 45 degrees.

9. The method of claim 5, wherein the twist orientation is between 30 degrees and 60
degrees.

10.  The method of claim S, wherein the ion species is an n-type dopant.

11. The method of claim 5, wherein the ion species is a p-type dopant.



ion inmplantation device to obtain a twi st orientation between the beam path
and the gate edge of between 15 and 75 degrees; and inplanting at | east
one ion species into a first inplantation region directly under a

hamrer head portion of a hammerhead transistor while the sem conductor wafer
isinthe first position, wherein the hammerhead portion and a gate of the

hamer headvonansiseer are substantiallyfornmed at a sangct/@sedos/cangdef rom a
pl an vi ew t he hanmer head portion resenbles a hammerhead relative to the

gate. 6. The nethod of claim5, further conprising: rotating the
sem conductor wafer to a second tw st orientation between the beam path

and the gate edye :atthbetoregnrinl3, aftkidR @GULRRS; atdlRtkti dHR| RAt ifRGieatind|GRSt One
ion species into a second inplantation region directly under the

hamrer headMperinonhalpiimelanhe seni conductor wafer is in the second position
7. The nmethod of claim6, wherein the second inplantation region overl aps
the first inplantation region. 8. The nethod of claimb5, wherein the tw st

orientati db. i STAD nitelgsees clafin STheherdih ROkaaf a pb@oM JF, thRhBicPhchll obtWinsl
orientatiqgn i s between 30 degrees and 60 degrees. 10. The nethod of claim

5, wher ei ATEHY Gebrecdifeeqninst fosaciime pilicgipel e pammerhead tramyigonandibelcae eddeai m 5,
wherein the ion species is a p-type dopant. WO 2005/015644 11

PCT/ US2004/ 000486 12. The nethod of claimb5, wherein inplanting at |east
one ion spéci e$he modthudiesf claimplsamthicrign shehisdromeripddibnsistd:. fufiher emhhiods ah
claimb, erein aEBLeast a gontion of the hanmer head Eortion is directly

bet ween a®GBSIEEPN DVIRE ) st ?W?EaﬂdéﬁeFﬁélMﬁﬂﬂbﬂﬁéﬁﬁm FhW@ﬁ%%Eﬂléﬁﬂnbhe
gat e edgethe ghtb belhiecIRE: RS e&é@émﬁham‘éf&agpgﬁ%n hRETRE b&ﬁ&&%é‘@&h&&gr

further conprises an active region having a first portion and a secon
portion, eloswne asecand adge of dwdmethmeheddopprtion Henght eatbeindghe Fios end seoad f i r st

edge of t rhead. portion than the contact, the contact <closer to a
second ed%%mggﬁgﬁgg%g%ﬁ@?ﬁ@gﬁkb%PWﬁHﬂm?Hﬁﬁ“the gate, and the first and
second
15. The method of claim 5, wherein the hammerhead portion when viewed from a plan
view is at least partially between the gate and a contact to an active region of the

hammerhead transistor.

16. A method comprising:

forming a transistor device having a gate portion and a hammerhead 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, wherein the
hammerhead portion relative to the gate portion resembles a hammerhead from a plan
view; and

implanting a dopant, after forming the gate portion and the hammerhead portion,
underlying the hammerhead portion to form a substantially doped first region extending
from a first point directly under the hammerhead portion to a second point directly under
the hammerhead portion, wherein the first point is closer to the first gate edge than the
second point, the second point is closer to the second gate edge than the first point and
substantially none of the dopant is implanted in a region underlying the hammerhead

portion between the second point and the second edge.

17. The method of claim 16, wherein implanting further comprises:



edge being substantially parallel froma plan view 15. The nmethod of claim
5, wherein the hamerhead portion when viewed froma plan viewis at |east
partially between the gate and a contact to an active region of the

hanmer head transistor. 16. A nethod conprising: formng a transistor device
having a gate portion and a hamerhead portion, the gate portion

conpri si ngyvé 20046569t € edge and a seco Q gate edge, qu@f/@s%@yoggzﬁggce
between the first gate edge and second gate edge is the gate's w

wherein the hanmerhead portion relative to the gate portion resenbles a
hamrer head froma plan view, and inplanting a dopant, after formng the
gate portion a aﬂgg& erlayi.n ri rtion
to forma subs?gﬁﬁlal opgﬁé%?@§§&$gpggﬁ&£g%éf%&'gmg @8ﬂ$§ﬂ§%r§?%8§?nt
directly mwdeprwrhaldnamimdmadbsmmlallpmon@rtaogambmhsqomuemtatdms acd lejativadern t he

hanmer head por,ti on, erein th irst point is closer to the first gate
edge thangﬁﬁédg%ﬂgﬁﬁ 8 bpisiske O an §O§%@€ﬁﬁ point is closer to the second gate

edge than the frhﬁl%ﬁtn%oﬂh@tdoﬁé}g mt%lt'l}r'ésﬁéﬂxteml&f (RORR s Ror UbGC gopant IS

inplanted in a region underlying th rhead portion between the second
poi nt and t he sdetord teddmnsisior &h@mnﬁihod&mmdcm&mnmﬁﬁbfwhea&ﬂmg@n@f@ﬂﬁing
further nF&Hses 2005/ 015644 12 PCT/ US2004/ 000486 rotating the
hannerhea8 TAhE; 8¢%r device to a first substantially non-orthogonal tw st

orientation, \Ahﬁpl@mmgsmesio@aﬁﬂ iatd ¥ seQRd E BQ%H&' thé%&hle?ﬁéaa%ﬁidnomh@re
relative to a gate edge and are between and 90 degrees; inplanting the

dopant i nt8nsifier 4evicst regi on of the transistor deV|ce rotating the
transi stor device to a second substantially non-orthogonal tw st
orientation; and inplanting the dopant into a second regi on under the
hammer head8.por Thomedfodtdielaitr it siketed thdaubigntialld noddethorsadevief ortdnitioh 17,

wherein the gybstantially non- ort hogonal tw st orientation
1S 45 degrees.

19.  The method of claim 17, wherein the substantially non-orthogonal twist orientation

is between 30 degrees and 60 degrees.

20.  The method of claim 17, wherein the substantially non-orthogonal twist orientation

is between 15 degrees and 75 degrees.
21, The method of claim 16, wherein the dopant is an n-type dopant.
22.  The method of claim 16, wherein the dopant is a p-type dopant.

23.  The method of claim 16, wherein implanting the dopant includes implanting a

dopant to form a halo implant.
24, The method of claim 16, wherein at least a portion of the hammerhead portion is
directly between a contact to active silicon of the hammerhead transistor and at least one of

the first gate edge or the second gate edge.

25. A method comprising



is 45 degrees. 19. The nethod of claim 17, wherein the substantially
non-ort hogonal twi st orientation is between 30 degrees and 60 degrees. 20.
The nethod of claim 17, wherein the substantially non-orthogonal tw st
orientation is between 15 degrees and 75 degrees. 21. The nethod of claim
16, wherein the dopant is an n-type dopant. 22. The nethod of claim 16,
wherei n t Reodepankedss a p-type dopant. 23. The nethod ofp@f,aiigodaeopMberein
i npl anting the dopant includes inplanting a dopant to forma halo i nplant.
24. The nethod of claim 16, wherein at |east a portion of the hanmmrerhead
portion is directly between a contact to active silicon of the hammerhead

transi stor and; : j .

cdge. 25, A ol Tod S PERLS) it SBoklbak T RS Bed 5O D5 Ak IR

i npl ant i ngfter opargt thechadimedtddy pomiderwheecia the rdepattadore moedideqbr tndenlicoh a
transi stor aféﬁr forniig t he mrer head portion wherein the dopant does not
directly of4R¢ paramsrhead postignip FHERW BtV ISECIBf t he transistor: and
wherein the trapsistioh: CONPFissses an active region, a gate portion at a

| ocation of the active region where the active region has a first width

al ong a first di mensiattiveaegiomt act at a second | ocation of the active

region where the active region ,has a cond width along the first
digension, a hanner%8§8PBH%FVBﬁ‘?%?ﬂ%&fﬁﬁfﬁgﬁﬁﬁgﬁg‘@5?% SFEYINERRAS he

contact  pefi@n aen frkenedndib®m a plan view, and having a third width
along the first dinmension, the third width being greater than the second

wi dt h. 26. The net hddowhctct i secoB! lgkaitai of thhactive ragion whereitiee hatigs rediam t he
first w dflﬂ'a second width along the first dimension,
a hammerhead portion formed between the gate portion and the contact
portion when viewed from a plan view, and having a third width along the first dimension,

the third width being greater than the second width.

26. The method of claim 25 wherein the third width is less than the first width.



