THRESHOLD VOLTAGE | MPROVEMENT EMPLOYI NG FLUORI NE | MPLANTATI ON AND
ADJUSTMENT OXI DE LAYER Field of the Invention [0001] The present invention
generally relates to sem conductor devices, and particularly to field
effect transistors having different threshold voltages through a

conmbi nation of fluorine inplantation and an adjustnent oxide |ayer, and

nmet hods of manufacturing the sanme. Background of the Invention 00021
Advanced sem conductor chips enploy nmultiple types of field effect

transi stors having different threshold voltages, on-current per unit w dth,
and off-current per unit length. Field effect transistors having a high
threshold voltage are typically called "tow power" devices, which have a

| ow on-current and gpRrewHolb-vorTeot mPrevevaiNEetPLOgNsG St ors having a | ow
t hreshol d voltage are called "hL&g erformance" devi ces, which has a high

on-current and aflHP QRN IMELANEMEIONSNR ARISGTNENT QXIREEAYER | ow power

devi ces and hi gh perfornmance devices, a sem conductor chip may provide

opti mal gerfornance at an optinmal power consunption |evel.
ield of the Invention

[0001] The present invention generally relates to semiconductor devices, and particularly to field
effect transistors having different threshold voltages through a combination of fluorine

implantation and an adjustment oxide layer, and methods of manufacturing the same.
Background of the Invention

[0002] Advanced semiconductor chips employ multiple types of field effect transistors having
different threshold voltages, on-current per unit width, and off-current per unit length. Field
effect transistors having a high threshold voltage are typically called “low power” devices, which
have a low on-current and a low off-current. Field effect transistors having a low threshold
voltage are called “high performance” devices, which has a high on-current and a high off-
current. By employing a mixture of low power devices and high performance devices, a

semiconductor chip may provide optimal performance at an optimal power consumption level.

[0003] Devices having different threshold voltages may be obtained by varying dopant
concentration of a doped semiconductor well in which the body of a field effect transistor is
formed for each value of the threshold voltages. Thus, a high performance device employs a
doped semiconductor well having a low dopant concentration, while a low power device employs
another doped semiconductor well having a high dopant concentration. Conventionally, for each
setting of well doping, a dedicated implantation mask is employed during a corresponding ion
implantation step for formation of a doped semiconductor well, which increases processing

complexity and cost of manufacturing.



[ 0003] Devices having different threshold volt:ages nmay be obtai ned by
varyi ng &pant concentration of a doped sem conductor well in which the body
of a field effect transistor is formed for each value of the threshold

vol tages. Thus, a high performance device enpl oys a doped sem conduct or

wel | having a | ow dopant concentration, while a | ow power device enpl oys
anot her doped sem conductor well having a high dopant concentration.
Conventionally, for each setting of well doping, a dedicated inplantation
mask i s enpl oyed during a corresponding ion inplantation step for formation

of a dopﬁﬁ %fnicqnductor wel |, which increases processing conplexity and
cost of HA I&@P‘E}P?nnt@ .mcriaﬁﬁﬁld’&‘fe?sﬁlgéaﬁi IPYV(?HW?rdie?’lﬁ?:sreéﬁ’gﬁﬂlgﬁrdﬁﬁeé]s sing cost,
| ow powvegendedndcas: vt Gk R 8igh dHRREHSRFLERANIN GO rWR] ihcrbA¥d fBctdn hi gh dopant
concentration also suffer fromincreased junction | eakage. Typically, |ow
power fi Erkpeef Tireally-ramapserdiel! cffied prapysters digplara wugdyeeseinginetsabiec eakage
current gyeh: HRF WRALHd jdBEdn! 10Rade&aK M fatfoUhdt & thary Bt deR drknituie RBRY tRhders of
magni t ude higher than”a corresponding value for high performance devices.
Thus, | oacpieanding ghlde fof high performprdesieiess. Thepulomeporyehiigitheffast eanslot vol t age.
Because ; ;Qgp - oxl.de- 1 ) Q) . Ci | P@rggploy bot h
p-type f%@ﬁ%!e e%§£¥¥§§§?%%g%%g§ﬁ 8ﬁ@§§%b P%the ecf&%égﬁgkgtors, bot h
p-type ftigluds ehflexboth paypsifiskdeffsct trandisigys andri-gybe fidld effdvolrahsisolst bgepaypd n-t ype
field ef ttransistors. having a.high.threshol d vl are necessary to
orovi do. Toue Bt Ers Bl S g R R tl ot fT dint oER RS Rl FERRE LY o
[ 00051 Nhigh geesholdivdltagt e mibcebsanns ipgivik $owravwargomplhinghary reed-hxbe vol t age may
be forned b%&ﬁq$|2¢. )a. te dielectric having a conposite stack of a high
di el ect r FE EBMETY L@ﬂ%ﬁﬁ- Y gate dielectric and an adj ustnent oxi de | ayer.
However, such a stack produces unacceptably |ow threshol d voltages for
p-type field effect transistors, [0006] Selective rengv of the adjustnent
Iogp

. [ ] |
oxi de | alf@Poldifxpe fiFlgiar FaRsiis frvnpgeh Bregholt yolipge FRARIPEEAPE whi | o
mai nt ai nbrﬂﬁ]oﬁh@a &i@k&ﬁ@ha@? 2 mipBsi@ s@ASofAhidhr didyddge don@hid (8H-BCdate
transi stors has been proposed to increase threshold voltages in p-type
field effigletrie prdpsiadivgient gidediyse Hovevelelpugsh  Hefk Pradicerenpresyipbly % ypi cal |y
I ess t hafekndl@loltaBésabr p-HBVBME Eofed HaltiskRd. €ct i ve rempval of the adj ustnent
oxide while maintaining uniformty of the underlying high-k gate dielectric

l'layer has proven to be difficult for manufacturing purposes. Summary of the
I nventi O[$006] Selective removal of the adjustment oxide layer only from areas of p-type field effect

transistors while maintaining the adjustment oxide in areas of n-type field effect transistors has
been proposed to increase threshold voltages in p-type field effect transistors. Because the
adjustment oxide layer is typically less than 1 nm thick, however, such selective removal of the
adjustment oxide while maintaining uniformity of the underlying high-k gate dielectric layer has

proven to be difficult for manufacturing purposes.

Summary of the Invention

[0007] The present invention provides a complementary metal-oxide-semiconductor (CMOS)

structure having high threshold voltages for both p-type field effect transistors and n-type field

effect transistors having the same composite gate stack of a high-k gate dielectric layer and an



[ 00071 The present invention provides a conplenentary

net al - oxi de- sem conductor (CMOS) structure having high threshold voltages
for both p-type field effect transistors and n-type field effect

transi stors having the same conposite gate stack of a high-k gate
dielectric layer and an adjustnment oxide |ayer, and an integration schene
for manufacturing the sanme w thout enploying selective patterning of the
adj ust mrent oxide. [0008] In the present invention, an epitaxial

sem conductor |ayer may be forned inafirst area reserved for p-type field

effect transistor | ant ati on_mask er |s forned and patterned
to provi “Séfﬂe“éﬁ’é’a?mfri laﬁl-i‘ gratiop schemg forygany Ct%/ﬂ“&‘ ?‘?ﬁ‘ed‘fnﬁf"gast a second

ar ea resaﬁmsgngg*mnmﬁ&@@nﬁg@fg@g@ﬁ@@&nbk@@s|stors Fluorine is inplanted
into the opening to forma fluorine-doped epitaxial sem conductor |ayer and
an underlying fluorine-doped sem conductorin the first area. A conposite
gate Staﬁhoﬂﬁﬁhﬁ%hﬂgn%nghﬂﬂ & PahaldbBlathulibLlial R YRY b@Rm& inadiafaeNt OXi de
layer is fornmed in the first area and the second area. Gate stacks, each

i ncl udi nigsavegldorep- tygﬁﬁﬂépﬁﬁwt agisErss tATcikn Bfplantaiog magk lgyar és fgimeadeed ri ¢ and an
adj ust e o to form
at | east E%tﬁg%a g)eprm&etdnq’?dn 1@% ?élgetoﬁrt r aﬁs‘?glgeglgocﬁdng ngés? IQ?%? &gdr?&eidar@%isgﬁ at | east
one secofmnﬂyne)fpbi effiees|t@ngftére cFluonrensinglantediinfo theeperaagindorar afduoriBot h t ypes of
transi st [ | t | E of the
at | east & %d e%ta? 1ame ‘i"éﬁﬁ@ ath? r gﬁ‘%ﬁi? %hruol%sn engdse@%gﬁ)}ﬁf %rel\égéﬁlsrﬁggl al
fluori neﬁxsloqwd Asmmposim:gatﬂsmck lmhdmgarhdghtld*wtamdemﬂwlayeg afid anadjusimedioped

sem conduct aor | ay, onpen for the decrease in
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[ 0009] Aamdﬁcdcbrmgd b Stadibf aShpdcd gaca‘dletl&mqoﬂrneae adjudunie mildepoman a&rfbmﬂduct or
structure i.s FrOVId d, which |§ﬁludes %pe field eff?ct tra S|stor

i ncl udi nﬁeﬁmf cong Zegs té’tf%ﬂ?}@t 8%‘68&@8&“’1&? CLEBNLSAY e 5T 2E Bkt at e, the
first gakest sﬁeas@&mdInrtylbeuwlmfeaftmmtbahttwﬁbmdm@ Béth kypeséf thhghodhgleect ri ¢
constant_(hi gh-k %ate dielectric having a dielectric constant greater than

4,0, a f]i‘igléfhreéhfﬂ%néi it Ths gk ﬂ%#l?lﬁdﬁltagaﬁﬁthsatflParsg?ne@dmf@H $Ecyate materi al
portion, rWRioeisRniti@ Hyltﬁe%pumgmulsn&a&@e@geﬁh&ﬁaaa& 18BUIE (R JnlidBinghe- doped

sem conduct or layer; and an n-type fect: transistor |ncI udi ng a
second ghtasingdapdl serigondyetat layer gt %qwesseﬁﬁferdhméwpn eifbe fceaee inflige second
gate staﬁkesmdi&wgg@@mé5@9&8%%5&1&@&ec@§b%9@nd high--k gate dielectric
having a dielectric ‘constant greater 0, a second adj ustnent oxide
portion, and a second conductive gate material portion, wherein the second

hi gh- -k gads AeGlfigd !lncasS‘é%F&stheapréééQﬁh%'ﬂh&ﬁ'a'sé/nﬁfcl)n‘ﬁ%t!){‘s?rhf:th%?s prshgonduct or

| ayer.

which includes: a p-type field effect transistor including a first gate stack and located on a
semiconductor substrate, the first gate stack including, from bottom to top, a first high dielectric
constant (high-k) gate dielectric having a dielectric constant greater than 4.0, a first adjustment
oxide portion, and a first conductive gate material portion, wherein the first high-k gate dielectric
abuts a fluorine-doped semiconductor layer; and an n-type field effect transistor including a
second gate stack and located on the semiconductor substrate, the second gate stack including,
from bottom to top, a second high-k gate dielectric having a dielectric constant greater than 4.0, a
second adjustment oxide portion, and a second conductive gate material portion, wherein the

second high-k gate dielectric abuts a substantially fluorine-free semiconductor layer.



1 00101 According to another aspect of the present invention, a nethod of
formng a sem conductor structure is provided, which includes: formng at

| east one fluorine-doped sem conductor |ayer on a top surface of a

sem conductor substrate in a first area, wherein a second area of the

sem conduct or substrate includes a substantially fluorine-free

sem conduct or |ayer; formng an unpatterned stack of a high dielectric
constant (high-k.) gate dielectric layer, an adjustnment oxide |layer, and a
conductive gate material |ayer over an entirety of a top surface of a

sem conductor substrate; and formng a p-type field effect transistor
i ncl udi nPV40k fgesrdingdp anathes ajpees 9t the BresEfinveHIgRA BB LFMER i n the first

area, Whesgbdhdidis: strlidst igRb8dSt REkKh indRlsdRSmink hORAP SRRt hdddpe®, a first
hi gh di el ectric constant (h:g—?h_ k%q gate dielectric having a dielectric
e p

const ant segriedugiorlpgnoma Op syl SCEFODYCHE AtDSERT Bet fydhafGeonberdmd a fir st
conduct i v&o0ah& JFMcRbhRbn®elol hdfratd NOTdek alshbsPRGaSTREAMIRNY semidBfiuRE NOd

further includes formngype field effect ansisi i'ncluding a second gate
st ack onlayérefoseini eonehattrord sagh of 7 bigke diclsctrineonsepdhighd e dikerielayertdte second

gate sta j r ntQ .t . I ah- i tric
aving asg il AR e Tk B PR B Bl b R SR e
porti on, semcbndudecobrtate pand liertingsn gypeficl eded ahnspor inchding Bifirgt £ateigds i pt i on

of the DE)I? egeqr%cén Qc]t%l] suEsItlia e i1|1 th%%rs\{%#e%\,l v&aelreinctrilg it Ea‘?& étzllc%rf&llud\éé, rvovmOf a first
exenpl ary sem conductor structure artter
bottom to top, a first high dielectric constant (high-k) gate dielectric having a dielectric constant

greater than 4.0, a first adjustment oxide portion, and a first conductive gate material portion.

[0011] In one embodiment, the method further includes forming an n-type field effect transistor
including a second gate stack on the semiconductor substrate in the second area, wherein the
second gate stack includes, from bottom to top, a second high-k gate dielectric having a dielectric
constant greater than 4.0, a second adjustment oxide portion, and a second conductive gate

material portion.
Brief Description of the Drawings

[0012] FIG. 1 is a vertical cross-sectional view of a first exemplary semiconductor structure after

formation of an n-doped semiconductor region 12A and a p-doped semiconductor region 12B.

[0013] FIG. 2 is a vertical cross-sectional view of the first exemplary semiconductor structure

after formation of an epitaxial semiconductor layer.

[0014] FIG. 3 is a vertical cross-sectional view of the first exemplary semiconductor structure

after formation of a semiconductor oxide layer on the semiconductor substrate.



formati on of an n-doped sem conductor region 12A and a p-doped

sem conductor region 12B. [0013] FIG 2 is a vertical cross-sectional view
of the first exenplary sem conductor structure after formation of an

epi taxi al sem conductor |layer, [0014] FIG 3 is a vertical cross--sectional
view of the first exenplary sem conductor structure after formation of a
sem conduct or oxide | ayer on he sem conductor substrate. [0015] Ha 4 is a
vertical cross-sectional view of the first exenplary sem conductor
structure after renp' al of the sem conductor oxide froma first area and
the second area. [00 16] FIG 5 is a vertical cross- sectlonal vi ew of the

first exdfhld§- 4. mve%lﬁﬂﬁfﬂs%fecg?f}aht‘}?‘ﬁ Phthg first gremplagysegicondycior fEgtyrg
i mpl ant ajfte@ RentoR@tor tHRIsBRicaMueBt §:3Xd f&dm f Fikpikadeneehnaam.conduct or | ayer and

an underlying fluorine-doped sem conductor | ayer.
[0016] FIG. 5 is a vertical cross-sectional view of the first exemplary semiconductor structure at
the step of a masked ion implantation that forms an epitaxial fluorine-doped semiconductor layer

and an underlying fluorine-doped semiconductor layer.

[0017] FIG. 6 is a vertical cross-sectional view of the first exemplary semiconductor structure
after formation of an unpatterned stack of a high dielectric constant (high-k) gate dielectric layer,
an adjustment oxide layer, and a conductive gate material layer over the entirety of a top surface

of the semiconductor substrate.

[0018] FIG. 7 is a vertical cross-sectional view of the first exemplary semiconductor structure

after patterning of a first gate stack and a second gate stack.

[0019] FIG. 8 is a vertical cross-sectional view of the first exemplary semiconductor structure
after formation of a p-type field effect transistor in the first area and an n-type field effect

transistor in the second area.
[0020] FIG. 9 is a vertical cross-sectional view of a second exemplary semiconductor structure
that may be formed concurrently with the first exemplary semiconductor structure at a step

corresponding to FIG. 8.

[0021] FIG. 10 is a vertical cross-sectional view of a third exemplary semiconductor structure at

a step corresponding to FIG. 8.

Detailed Description of the Invention



00171 FIG 6 is a vertical cross-sectional view of the first exenplary
sem conduct or structure after formati on of an unpatterned stack of a high
di el ectric constant (high-k) gate dielectric |ayer, an adjustnment oxide

| ayer, and a conductive gate material |ayer over the entirety of a top
surface of the sem conductor substrate. [0018] FIG 7 is a vertica
cross-sectional view of the first exenplary sem conductor structure after
patterning of a first gate stack and a second gate stack, [0019] FiG 8 is
a vertical cross-sectional view of the first exenplary sem conductor
structure after formation of a p-type field effect transistor in the first

area and[®A2lAt §3ed gbous H‘eé’ﬁs%‘lftm"?‘i‘t&}*?ﬁlét%‘io field affser twptiver hayirgdifferetoo] FI G

9 is a Vehdsh@aholtdzOSBirod8ffdONAketNé SIRImAIREEH) thaSx QR 8f Maetsapehdct or
structure that may be formed concurrently with the first exenpl ary

seni condtficoVhish pig@pyrdescabeddn detah with pecampanyénedigutey FHkeandgorpspondige F| G 10
I's a veriibeals & S reats B}'/ fﬂ&q'%fel\éh&vﬁuﬁiera?s tP%ﬂoﬁwﬁg(gﬂmh@Js}éleﬁﬁmsQrpﬂﬂgum or

struture at a step correspon
accompanying figures are not drawn to scale.

[0023] Referring to FIG. 1, a first exemplary semiconductor structure according to a first
embodiment of the present invention includes a prototype semiconductor substrate 6. The
prototype semiconductor substrate 6 is a semiconductor substrate, i.e., a substrate including a
semiconductor portion, and includes a top semiconductor-containing layer 12, which includes a
first semiconductor layer 12A located in a first area 100, a second semiconductor layer 12B
located in a second area 200, and a shallow trench isolation structure 20. The semiconductor
material for the first semiconductor layer 12A and the second semiconductor layer 12B may be
selected from, but is not limited to, silicon, germanium, silicon-germanium alloy, silicon carbon
alloy, silicon-germanium-carbon alloy, gallium arsenide, indium arsenide, indium phosphide, III-
V compound semiconductor materials, I[I-VI compound semiconductor materials, organic
semiconductor materials, and other compound semiconductor materials. Preferably, the
semiconductor material for the first semiconductor layer 12A and the second semiconductor layer
12B is single crystalline, i.e., have the same set of crystallographic orientations, or “epitaxial.”
For example, the first semiconductor layer 12A and the second semiconductor layer 12B may be

single crystalline silicon layers.

[0024] The shallow trench isolation structure 20 comprises a dielectric material such as silicon
oxide, silicon nitride, silicon oxynitride, or a combination thereof. The prototype semiconductor
substrate 6 may be a bulk substrate, a semiconductor-on-insulator (SOI) substrate, or a hybrid
substrate having a bulk portion and an SOI portion. The prototype semiconductor substrate 6
may further included a buried insulator layer 11, and a handle substrate 9. The buried insulator
layer 11 comprises a dielectric material such as dielectric semiconductor oxide or dielectric

semiconductor nitride. The handle substrate 9 may comprise a semiconductor material, an



Detail ed Description of the Invention 100221 As stated above, the present
invention relates to field effect transistors having different threshol d
vol tages through gate dielectric stqck nodification, and nethods of

manuf acturing the same, which are now described in detail w th acconpanying
Figures. Like and corresponding elenents are referred to by like reference
nunmeral s. Proportions of various elenents in the acconpanying figures are
not drawn to scale. [0023] Referring to FIG 1, a first exenplary

sem conductor structure according to a first enbodi ment of the present

i nvention includes a prototype sem conductor substrate 6. The prototype
sem cond{fstlaPr Saipdalratopdystqr sateriala gy 4 ORBINREYY thetpfs ippgxample, the hangleg st r at e

i ncl udi NnguRrAe A QNI Oy it Alkon AbGkrdid) CWHAESe Brete@Pinvention is described

sem conduct or - cont ai ni ng_rrayer 12, which includes a first sem conduct or

| ayer 12Xithgeanieendpsiomon-inpuato SER sylpgate emhodigicats semioyigad helkspbstralg 8F2 128

| ocated b sSRGEAAre@ipiRihOQnteABed nfl | oW trench isolation structure 20.
The sem conductor material” for the first sem conductor |ayer 12A and the
second sem conductor |ayer 12B may be selected from but is not limted to,
silicon, [ a1 - ' | il -

i 11 con: WREECRI TGO R TEELTNE oy hPRE ERRCOMERAERT | i i
phosphi deyd&l2B hw cptgpe downg eiypraliyd thetfiost semait@rductbislayet 12A/dndaberypoandd

sem conduct.or teria or.gan sem conduct or terials, and other
compound Sura B TeEE| 2 P PRE) & SERBRNENRLBle [RbERAAG e A Bl
for the fotosin-enappmggutions oflaayesemlicoAdiand 1dylicof ae SOhshbsteie eranciupdrdsn dfayer

1213 is single crystalline, i.e., have the sang s of crystallographic

or 1 ont at 7 BHE s b Sjoskint i (B8 of RS St ra b RELERD, | ayer
12A and tah& 138GaMthe S&FhE dttmtigtor@¢er2Blddylbersalystdndalsi doglagarC TSt | | ne
silicon | ayers. %8024] The shall ow trench isolation s%{uc’ure 20 cgnprises

a di el ectqieongiariaysr 124 py beandi-iypeydl %4 de secand sepusandtictor fayer 128imaydgn

oxyni tri gg.tyffwed. trg@t&u@,&hé @dpahthBh@@iration MEthP FiRkk HidkBENE SdHhicAHAd 6 IerssUbSt T at e
6 may he a bul k substrate, a sem copductor-on;insulatpr (SO ) substrate, or

a hybri dU20b5D &2 haveA valpedrorul - f x g8 r/emoptomplamate 380r 1 dem| BeMS/TRea sk ot ot ype

sem condpetRlblySRRkFRLEL.6 x TBY/chUhbREEm? 6] 348 el /BmPUshEnT, AEHsb A Bésed ayer 11,
and a handl e substrate 9. The buried insulator |ayer Il conprises a

diel ectr fnd greptes _Fipla*!ﬂt epnedntraéong prglalse contempeipd keseigudt bis SR thefinty  di electric
sem condychof afbkdrdyde12aTR QAR sSHRSIAALEas: TBY aC UMb fyRes 61 cOnduct or

material, an
fluorine. A semiconductor layer is substantially free of fluorine if the concentration of fluorine

does not exceed a trace level, which is less than 1.0 x 10"*/cm’.

[0026] A third semiconductor layer (not shown) having an n-type doping may be formed in a
third region (not shown) of the prototype semiconductor substrate 6 and a fourth semiconductor
layer (not shown) having a p-type doping may be formed in a fourth region (not shown) of the
prototype semiconductor substrate 6 to form additional devices. Additional areas such as a third

area (not shown) and a fourth area may be provided in the semiconductor substrate.

[0027] Referring to FIG. 2, an epitaxial semiconductor layer 30 is formed selectively on the top
surface of the first semiconductor layer 12A. The epitaxial semiconductor layer 30 may

comprise a different semiconductor material than the first semiconductor layer 12A. For



insulator material, a conductor material, or a conbination thereof. For
exanpl e, the handl e substrate may be a single crystalline silicon
substrate. While the present invention is described with a

sem conduct or-on-insul ator (SO01) substrate, enbodi nents enploying a bul k
substrate or a hybrid substrate are explicitly contenplated herein. 10025J
The first sem conductor |ayer 12A has an fl-type doping and the second

sem conductor |ayer 1213 has a p-type doping. Typically, the first

sem conductor |ayer 12A and the second sem conductor |ayer 1213 are forned
by selectively inplanting n-type dopants or p-type. dopants into .

non- - ovef2ap ﬁ@hepfaﬁttsmaﬁen%@toaﬁt/%& &t %%%W%ﬁnq S&%ﬁ? ﬁ‘éﬁr’ e erieriak ypst r at e
or a topsdEdnd@iorQlyeP3PMhKbeSIRASAd @ salite sBichy-BérindniSMRBALY BYe® havidl 4nhi S case,
the top surface of the first sem conductor |ayer 12A and the second

seni condeRitasipl dligyment W2B theefirstsemicopictahyHI Py copl anar. The first

sem conduct or | ayer 12A may be an n-type well, and the second sem conduct or
| ayer 128 may be a p-type well. Typically, the dopant concentration in the
first antPO3&CBiedpisaxinl smicnduaser lhvey &0 is s¢lacpinely F@pd prly ot ¢opasunfage@éthtr om 1. 0

x 1014/ e : . -gg§ . a val ue
fron11.0ﬁggﬁg%%ﬁgé%g%g%gpﬁgBgﬁ%&%%gé. fa%g%ﬂfé%%%ﬂgﬁggéﬁigk %ﬂgh%hough

| esser asmogteaiconddpémtr ICBncpntanadi Swd seledivaligmatorifdrpipaded herein. At
this step, .the first m conductor. | aver. 12A and th nd m gonduct or

| yer 195t riBle SPTLRIMALE Fore e 5 QeARtol B AEERACRARMAIRAC T
subst ant {(nat $hpwhy @ aghifseqeni paagerming bhée dielecein inasktin®iaya ko fhhiube fopsurfioesf not
exceed a_.trace |l.evel ich is less than 1.0 x 1014/cnB. [0026] A third
Sont conalie ey ST o eE bRy B AT RS KR RO B G Ben e Sied  n
third repyan2Bnodovab®ihe afelettiie npElahOhLYER.C ASEBiEO BEitRY PlocsSEbgbsiatae 6 and a
fourth sem conductor | r (not shown) having a p-type doping, nmay. be forned
in a foutdHe _w%nac%f g@h%\ﬁﬁpoiﬁf‘_s‘flﬁ‘é RGPS S BEFIRAIDE B OEOBIAR at . 6
to fow aadé fdnealiuce il or\delbduliOMiethceB QaFpredded) Ater thelsblbdiitle aiRy, ( NOt
shown) and a fourth area nay be provided in the sem conductor substrate.
[0927] REE&MIHE pstign ebthedicleghicapaskingilayer is gmovethduct or | ayer 30 is forned

selectively on the top surface of the first sem conductor |ayer 12A. The

epi taxi al sem conductor layer 30 may conprise a different sem conductor
mat er i al [00RYNhemldcknessf theepitaxih srmpeandugtenyesier 3Pmay fegfirom 1 nm to 200 nm, and

typically from 3 nm to 50 nm, although lesser and greater thicknesses are also contemplated

herein. The epitaxial semiconductor layer 30 may comprise the same material as, or a different
material from, the first semiconductor layer 12A. A different material may be preferable in some
cases to enhance the mobility of carriers in the channe! of a field effect transistor to be
subsequently formed in the first area 100. The epitaxial semiconductor layer 30 may be formed
with in-situ n-type doping, or without doping. Alternately, the epitaxial semiconductor layer 30
may be autodoped with n-type dopants as the n-type dopants diffuse up from the underlying first
semiconductor layer 12A during the deposition of the epitaxial semiconductor layer 30. For
example, the first semiconductor layer 12A may be an n-doped single-crystalline silicon layer
and the epitaxial semiconductor layer 30 may be an n-doped single-crystalline silicon-germanium
alloy layer. The prototype semiconductor layer 6 and the epitaxial semiconductor layer 30

collectively form a semiconductor substrate 8.



exanple, if the first sem conductor |ayer 12A is a single crystalline
silicon layer, the epitaxial sem conductor |ayer 30 nay be a single
crystalline silicon-gernmaniumall oy |ayer having an epitaxial alignnent
with the first sem conductor |ayer 12A. [0028] The epitaxial sem conductor
| ayer 30 is selectively forned only on the top surface of the first

sem conduct or | ayer 12A, while deposition of additional material on the top
surface of the second sem conductor |ayer 1213 is prevented. Such selective
formati on of the epitaxial sem conductor |ayer 30 nay be effected, for
exanpl e, bx deposition of a dielectric _masking |layer (not shown) and a
subsequelf03Ydtdaring REIG3: pneptignd PEcessiof forg g o pegmicaRAurtoseridedayer $4n g

surface QhmitdaBudidris®stri® BiEMOFHCTRY senBbRluctor OxiliS1aff BO & rmattdh af ekftged OP
surface of the second sem conductor |ayer 12B is covered bng;he dielectric

maski ng feayranducterseifases iniudiapihe iopsupirs ob s fige provrandudordier Eohinddheep

mat eri al s onlyorAtk LIRASEHSRMEOREFO! TRUEHRERRictoMMilEIaf 8) RA bOR OF
deposition of the sem conductor material on dielectric surfaces is

suppr esssngle layeref a pdnacandiasentaxide seqhias sikipon axjids, eramayicainpgseckalécors skt he

di el ectrj BsSki | S1.T [ cpi t axi al
sem condflﬂlgltu g;rﬁgFgéglg?én%&%f%éf%%qim&??%g%eél%o&ﬁc%hagﬁg 0)?3&/% cally from3
run to 59acyn Thelthiblowspof tlessmicordudtiogpadd leyer Bhimek besered narte 1ahspalthomghenpl at ed
herein. The epitaxial . sem conductor | 30 conpr i 4 mat eri al
e or a e PR e R R eme A b TR TR oE 58S A

di f f er entnayiet eenifl@led foaetiees pthef taarafidld efifaet sorBtocas@sritgahethinaesc gaté¢ he nobility

of carriers i.n the channel of a field effe transi stor .t e subsequent |
Cor med 1 FEBsbe T S L I sefieo gl Epiociaiek 2 ik PESHILED it B B35 ny b
for med V\sihtoh'n)' z_ﬁrdSlilefjfduIﬂr ztryalp(aotctﬁaglggxf tk@l’pg&tbthbmmicdﬁkgicﬁbg surll)é\tlrattees tmatbg;i y, the

epi taxi al . senm condu r..|layer, e aut gdoped . with n-type dopants as
the Et- t@ﬂ&&wawa}mesff%f ?ff%g%nﬁﬁt°$8%"§¥fws ﬁﬁ‘ﬁ&gfg?t%awt?rﬁ’f%?e@é dfduct or
layer 12Angley i fge dibiectBeRS gt Rl rahfeerRBiledXidakhid@pis (RO 6k Oprehayer  30.
For exan&ll e, the first sem conductor |ayer 12A may be an n-doped

single-c %l-élnl“r ne silicon layer and the epitaxial sem conductor |ayer 30
may be an n-doped single-crystal bine silicon-gernmaniumalloy |ayer. The

prototype sem conductor layer 6 and the epitaxial sem conductor |ayer 30
col | ect i W8PL] Regarrmeto §8pride B dericondugiohrsidedayer 32 is rqumneREpRArst agd seeomd] G 3, an
opt i onal f. of ' ] ' ; d

e condior o SRt ta e rd iR SRR IR Al el BT AP beth, |

f or med owmadondwsgydayed! 28e i gamadl ttecemeundugoesxidalgyend? sgemdned from aseas frace of

he fi k ] d | - h d
the Tir S&vhl?lggélﬁ g‘@%:? 8’%{%}rétolfsra1‘r\é&1{1nrgﬁ2tﬁ‘e Penq S{fec%vé SHqe® rcfé%gss (Eg%l‘ ) tﬁ%}?o%%ﬁ gp

sem conduc e serm conduct or oxlI de
semiconductor surfaces are desired. For example, the semiconductor oxide layer 32 may be

maintained in the third and fourth regions (not shown) in which additional p-type field effect
transistors and n-type field effect transistors are subsequently formed. Selective removal of the
semiconductor oxide layer 32 may be effected by forming a patterned etch mask layer (not
shown) and causing an etchant to etch only the exposed portions of the semiconductor oxide
layer 32 through openings in the patterned etch mask layer, while the unexposed portions of the
semiconductor oxide 32 are not etched. The patterned etch mask layer may be, for example, a
patterned photoresist layer. The patterned etch mask layer is subsequently removed selective to

the semiconductor oxide layer 32.



single layer of a sem conductor oxide such as silicon oxide, or may
conprise a dielectric stack including a sem conductor oxide, a

sem conductor nitride, and a sem conductor oxide (ONO stack). The thickness
of the sem conductor oxide |ayer 32 may he from1 nmto 12 nin, although

| esser and greater thicknesses are al so contenpl ated herein. The

sem conduct or oxide | ayer 32 may be enployed for devices other than field
effect transistors requiring the thinnest gate dielectric. For exanple, the
sem conductor oxide |layer 32 may be enployed in the third area (not shown)
and the fourth area (not shown) of the prototype senm conductor substrate 6

to form EStkRSsENE 19 FtI?pte ap loéll‘aplé?tﬁtéb‘tm%sl‘ e Yiiphosmedop afpp pratacs ofdhey of f ect
transi st @hfeoniRIRQGBkNBRY The ﬂﬁtlm?mlﬁ%ﬁ RasO Bl& Hinly@e! bl Galigli N9 a medi um
range effective oxide thickness g., greater than 1.5 nm. [NM
Referrlnghﬁ@e$$éw641h?HEJ@EHW@@WGH@F&WmﬁﬂﬂﬂemkﬁyéﬁﬂbgnWEWFEWBVEEkﬁﬁontf|rst
and sec O{'hg fiadt Qlfﬁ lé(ﬂtggxpzogggll: toﬂ suﬁace off fhggblrte&ﬁtl Eeﬂﬁco?luﬁgt&q@%r _‘Rf (SI‘:J‘I"E’IG]c ll)r st

sem conduct or | ayer and ‘'t he second sem conduct or |"ayer

gener al , whiecoyenrgdbnstoadareagRp.dehd thigdareganditie fpeﬂmreain@trst)we)rlwém n wh| ch
field ef tors requiring the least effective oxide thickness
(EOT) ar%g%%ghggﬂikssentconductor surfaces are desired. For exanple, the
sem conduct or oxi de Iayer 32 may be :maintained in the third and fourth
regi ons hown n which additi.o R field effect tranS|stors and
s typet (AR SRRt Pulei G s SRubhCl BB R FistteBlinE St of Ve eroval
of the semﬂlmmmdnl ﬁiaﬂ(lajb:x BUntd ey exposall praionbef teé ieﬁﬁ&dﬁdudncy sttarrak Agvitaingbd t er ned

oL, okl B15To 08 o500, SSUSLL, A0 SLEHRTL fguohel gl (e erposed

patter nedn[ﬂirﬁdﬂlomtﬂ( lagy 87 blowit thflidniae-UhEXMAS Bs PAkd Jebsid abifa 20METhe

sem conduct or oxide 32 are nqot etched. The patterned et ch mask I@y

be, ibr BYAiEIceNtaiging igns eonyery thsiratiaab sqraondugferiayesfland 2p HRReh Beftigh Hh‘has k

| ayer i sistRsfQ@H@RtdrYayberaviae ReHRCdp¥® sdnfcdnb®teieGOBE ANy, érel de | ayer
32. [0032] Referring to FIG 5, an ion inplantation mask | ayer 37 is
formed ofugiinespRtaiping e cever His cRishia srmticridBftord piss $4 iatoe fgst fipgEng-gped

I mpl ant agd G0, FRed: lAy@ymA %ﬁlcﬁqyan%eﬂ)tlﬁ)% fENALRbR sﬁm@&ﬂh&&eﬁ}é tanh er. The
ion inplantation mask |ayer 37 is erned to forman opening in at |east
the .fir enpeemtamlcﬁ@hetfaste%p@seiut:tqelam|d2éenrt¢ aeesorst flyoniac-deed sxpigpnductor
sentcond | ) 200.
The thirgggggg‘gﬁg{?%g éou?tghg?gé(i Rot %ﬁgmn¥gfhggbgnggéere qgﬁétﬂls st ep.
[0033] Fteumqndveatqrchaybaét(hﬁ ang tlhmeondrfbomrrcrﬂoacd @dHQOhdtcmg tayetv)Baare heecist one
?Egmsg% ((::oglﬁ 1ve 6(%11 réeu ? gal:lcag‘ats,tlg)%g ﬂfrjrﬁ‘r%nl% z{o é/(F ! {n';cso?(!luc of 1a§hr‘?18€’t$%F 1%9 ﬂtpo?lltllb ions of
fluori nedcq:emtsemmmnﬂgctmﬂmr Martalehe §eoamdefboarmﬂ dpedsendconBieor liyond)B iii¢tlede on

i npl ant ati on na ri.ne-contain ops. in the
sobond. apiiihs gordopi g S8R it st REHERGRLPE "THE. BB s

sen condfigdriae-dbpMeEmi3thdatidr Bferuppand e kdcoanflring- hepetilsérﬁfeorsiecrbﬂayed uen or

| ayer 12A into fluoripe-doped sem conduct or ers,; Spe al | t he
f I uori neEyfk fi‘i“’t‘i‘i“ﬁ@”i‘%ﬁ%m&@ﬁ%faflo‘t peatEghanai ‘éﬁ% i éﬁ‘ﬁ%‘ {abﬁ/ "30 into
a first &dnbaihiiarepped xslﬁmcﬁéWUGRQOZl)cﬁ\if’Qlth(ﬁ@ﬁgre‘ﬂ(@faﬁt'illésﬁerﬂﬂoﬂéer| yi ng
fluori ne-doped sem conductor |ayer, and the %pfﬂg_portlon of the first

seni condtEEBYrations afe also sontpippjatgd @eiBn dhg YRS ﬁ‘éﬁmécé?ﬁ“ﬁ@ﬁti‘%tla‘?‘ 't ayer
40B, whi £hude8 bthe YORIRE Iowhe gect)hmtdrme ARG R STIEONENUE U, ilea¥Pihe vaRBef I T St
fluorlne doped sem conductor |ayer 40A and the second fl'uori ne- doped

sem condetispimplanediby AlpElugrise-paytaqipg 98%:| ectively referred to as at |east one
fl uori ne-doped sem conductor |ayer 40. The first fluorine-doped

sem conductor | ayer 40A and the second fluorine-doped sem conductor |ayer
40B include fluorine at a dopant concentration greater than a trace | evel
concentration. Thus, the first fluorine-doped sem conductor |ayer 40A and

t he second fl uori ne-doped sem conductor |ayer 408 include fluorine at a
dopant concentration greater than 1% x 1014/cn8, and preferably at a
dopant concentration from1.0 x 1017/cnBto 1.0 x 1021/ cnB, although greater
and | esser fluorine concentrations are al so contenpl ated herein. The vol une
of the first sem conductor layer 1 2A is reduced by the volune of the
second fluorine-doped sem conductor |ayer 40B, i.e., by the volunme that is
i npl anted by the fluorine-containing ions.



(0034] The above steps produce a structure including at |east one

fluori ne-doped sem conductor |ayer 40 on a top surface of the sem conductor
substrate 8 in a first area 100, while the second area 200 of the

sem conductor substrate 8 includes a substantially fluorine-free

sem conductor |ayer, which is the second sem conductor |ayer 12B. In sone
enbodi nents, the second fluorine-doped sem conductor |ayer 40B and the
second sem conductor | ayer 12B conprise the same sem conductor nmaterial,
which is different fromthe sem conductor material of the first

fl uori ne-doped sem conductor |ayer 40A. For exanple, the second
f1 uor i nel043PeldeabonestsatRreduse 2 playrae gladiapat lﬁzﬁborgeéklaw dOpR EBHPRLICHE | ayer

128 may HgersdEhGopuledk tHeREmRbldusBsub@Mes Sin a3l afeR €04, Whit ik kitekd ne- doped
sem conductor |ayer 40A may be a single crystalline silicon-germnium all oy
| ayer. 1863 of s spinjcgrdugiepisubatsashinelogdes i spstaabpbydluoang-Eenramicosducioay er s
(407, 4 0R)craiieh RhclledokBSertiORdMllor 1 gliﬂ‘.%%@rﬁ@%ﬁbcﬁﬁﬂém@s‘)ﬁgg&%ﬁ’d nldmer 128,
which is a substantially fluorine- ee sem con tor layer, has a p-type
dopi ng. Juped epricandpdterityat #@handekdksetayl semidgndustoslayss d2R eemprise thesoed. 100361
e o 1ol b e, Wb LB b o QARL AR ke AR, fftheect 11 ©
layer 50 1s e05|te on the entire eto ace of

sem conddapkd senscdmguqtcartl@eﬂé}om' higor Iax@llple kKiegedoed du@heﬂibpadtsemazymuclbﬁlay@ f or med
on the e surfaces. of the ¢onductar |ayer 40A
and the é@g%“ﬁgh“é?ﬁ“con gy, er ﬁ‘%ﬁ@y es%%%gﬁl%e O 3N P Hene art

i ncl udi nfigst ﬂlmnneﬂqmpls@mcmhiﬁabﬂayer vap atay Hepslﬁglé trgstal(itdAdicon physnmal allvapor
deposi tlf)n (PVD), nol ecul ar beam deposition (MBD), pul sed | aser deposition
(PLD), |1*fdid source nisted chenical deposition (LSMCD), atomic |ayer
deposition (ALD), etc. The high-k gate dielectric |layer 50 includes a
dielectric netal oxide having a dielectric constant that is greater than

the di el 9833 |T€‘e€‘6%‘i§'%da%‘?‘60“8fﬂu§’i"l'q doprd srycpadustor fayers19(ly. 4QP) Rpve aBtRE gh- k gat e
di el ect rdkﬁmlgamrthésfécé]ﬁ%enﬁlcéﬁcﬁk@ﬁagérQZE anstAinh sesealAly ubak-fee0. Preferably,
the high-k gate dielectric |la 0 has a dielectric constant greater than
8.0. Thesal@rdeqrilaycrbisalp-yRe eRpines The ngmPRNAgnaPIshlayecHtiafRraE Y net al - and
oxygen, apdvdis known in the art as high-k gate dielectric materials.

Exenpl ary high-k dielectric material include 11f02, Zn02, 1 2203, Al 203,

Ti 02, SrTi O3, EaA103, Y203, 1-1fO0xNy, Zr OxNy, 1220 N Al 20xNy, Ti OxNy,

Sr Ti O, Npyy . Sl Each
val ue of[ Qgﬁlslgl}én e%té folgl gﬁ rd loe?%%gltcg %Sp&ﬁg&%&( )g Ula?’ gon?&ez)%ted

i ndependenthé ynti‘rertsomi tBe top s@rfacF hethe Ismmkmldersorcsflbsltl’ae 8h Tghhilghggate dwﬂeetrect ric

| ayer 50 n 0 refer fro o3rim
et opiafSa Rolled T treex BiRed uficior Ry RS EL AR schi kit il B 2 T T

on t he oadelie saa‘:ondrseﬂnesmiut:tbﬁlﬁydr 12Brby [nemad’s] wal¥knh@t in qhahﬂt achting, ftnhe hi gh- k

gate dlelect r 50, an.a X|dela er i s deposited

0rr et yPBRrdenbai i do VB Ficehrgnt it o) BB bGFe S0 by
met hods abditideN™BD)] ﬁhlieh@as&fdepbdﬂﬁinl(ﬁlmphqlfl@Eouﬁ)é&xﬂiﬁtla@cheﬁiﬂaﬁddﬁb@ﬂaonl\/BD, Pt]),
| . SMCD'A LD, etc. The adj ust mrent oxi de_| ayer 60 conprises_one gf t he group

HA el emeftY¥ NGRS [yebdrpoRie (GLERei slhe Sipbds gafecdifleqic laye SAuElidsstent  oxi de

| ayer 60d1@l@&n@ﬁi@@l’ dx3R lﬁ@ing %wleg@lc c&fstanﬁﬂat 1R§l'§at§QhanYhe didlectf€sonkthnt oNd, Pm
SM En, caonbi nati on thereof.

Typi cal | 3}110’09 ﬁéldagf/ %%t Pm&&aﬂwhedagh hg@? diglscteie Hypraddupt diglgetpg fopatapsferagier vy,
Ca, Sr, {Bahabi Pre@?ablyY chfoh KR d électrﬁgaye? L) ha%@dugéétnc%nst;lm grehd¥p thddB 0. Er, Tm

Yb. Lu, or a conbination thereof. The thickness of the adjustnent oxi de
| ayer 60Theediclestricfmpeiphozisie it a lnghtk materislsonBining agnaal gpd oxyeehaiskih kievgsar  and

greater §hiekNessesa@lifieatis haRNRL! Biddpfars ARh- TR @ERnaterial include HIO,,

Z10,, La;03, AL O3, TiO;,, S1TiOs, LaAlOs, Y,03, HfONy, ZrO:Ny, La;ON,, Al ON,, TiONj,

1



[ 00381 Wthout patterning the adjustnent oxide |layer 60, a conductive gate
material layer 70 is forned directly on the adjustnent oxide |layer 60. in
ot her words, the vertical stack of the high-k gate dielectric |ayer 50, the
adj ust rent oxi de |l ayer 60, and the conductive gate material |ayer 70 are
formed as bl anket |ayers w thout any patterning. The conductive gate
material |ayer 70 nay be a netallic |ayer, a conductive sem conductor

| ayer, or a conbination thereof 100391 In case a netallic layer is included
in the conductive gate material layer 70, the nmetallic layer may contain a
metal or _a conductive netallic alloy. Non-limting exanples of the material
that maySHEOShptB\RdVsr 810ha stistts thereot pad ey alion err@e BAFh Yajue of s zsN, HF N,

VN, NbN, indighNnddhty frdindl No 3 ta&each IMICof yTig feliepealii) @omeAD QUL Mgk de®f Jract or y
metal nitride, or a conmbination or an alloy thereof Such a netallic |ayer

may be f B #Higd-Kuptechrlerticdpyey ey breises PPinghoborppnd prpgblATomy hpel Wéposi ti on
(PVD), ahLQmrge higy.€'ald QRRSIHL 198 éo%all?})havéfﬁpéffé@&&\éﬁﬁg BALKNER on Hlerdef Bor

metallic |ayer nmay conprise a nmetal” ffoin Goup 1V13 or VI3 of the Periodic
Tabl e of leEtharehs. or ot her transition netals. The thickness of the netal

| ayer may be from5 rimto 100 rim and typically from 10 run 50 rim

al t hough | esser and greater thicknesses are also contenpl ated herein.

| 004101 (03N ehaut pawrindgttiutitiok ghtadieteciris ldyaciOuaedljuistmdnhexidoagn 69 isve gat e

mat eri al .| ayer, .70, the sem conductor | ayer . conprise al.ycryst.al li ne
or arror piBRL Y s RETE RSP REREE P el ARG GEIR P DR B
si | i con, kigemnriahe wminchidings ton expipi| VI PSD, BYBD, PLD| LSVICDaAbDetal They

silicon-ggrmani um.carb allo al.lLium arseni de, indiumarseni de, indium
hospht ST BOHEBUR G0 SEREsH et of B P APy dirashs el e AR g s

sen condsigk@icaliyihe hjastment@kPia Myer (haHAyCOMPHEIEY, MFRCE ISir,aHaS Ra,BadY dtah€s,
conpound_sem conductor materials. The sem conductor | ayer ma}/ ﬁ)e deposi ted
wi th i n-8% N dBpihgvaSde Cabpdd Serfite orbabitto5  CrraRiEtion feresy, elyPiahy: gy be
deposi t eghj@tméhn oMBIRRG B0 SEIFIER AIELA of R Rl @4, Sk,aeRa, 30y Jbserent, | y doped
by ion inplantation. The thickness of the sem conductor |ayer may be from
about | OPAM-dta8utb: Do, He.Br Bt Hb Lygrrriasesbinatondhegiobal s thickicsygfdlsses ar e

al so expldjGihdny o£8METBb §la§¥e RERGbSL 0[13blabd 4% nod B1ckbaRh ek LPRA ofdarek Of
t he hi gh f]n gh-k gate dielectric |ayer 50, the adjustnent oxide layer 60,

and t he iskeRses aealsggrpliciitcontemplaiedyer 70 is formed over an entire top
surface of the sem conductor substrate 8.

[0038] Without patterning the adjustment oxide layer 60, a conductive gate material layer 70 is
formed directly on the adjustment oxide layer 60. In other words, the vertical stack of the high-k
gate dielectric layer 50, the adjustment oxide layer 60, and the conductive gate material layer 70
are formed as blanket layers without any patterning. The conductive gate material layer 70 may

be a metallic layer, a conductive semiconductor layer, or a combination thereof.

[0039] In case a metallic layer is included in the conductive gate material layer 70, the metallic
layer may contain a metal or a conductive metallic alloy. Non-limiting examples of the material
that may be employed for the metallic layer include W, Ta, TiN, ZrN, HfN, VN, NbN, TaN, WN,
TiAIN, TaC, TaMgC, TaCN, another conductive refractory metal nitride, or a combination or an
alloy thereof. Such a metallic layer may be formed by chemical vapor deposition (CVD),

physical vapor deposition (PVD), atomic layer deposition (ALD), vacuum evaporation, etc. The

12



[0042] Referring to FIG 7, a first gate stack and a second gate stack are
formed by lithographically patterning the stack of the high-k gate
dielectric layer 50, the adjustnment oxide |ayer 60, and the conductive gate
material |ayer 70. The first gate stack is formed in the first area 100,
and the second gate stack is forned in the second area 200. The first gate
stack includes, frombottomto top, a first high dielectric constant
(high-k) gate dielectric 50A, a first adjustnent oxide portion 60A and a
first conductive Rate material portion 70A. The second gate stack includes,
front bottomto top, a second high-k gate dielectric 50B, a second

adj ust mefetalikilayer oy ©reHsEomatal ey Geoug LY AEVE oA s Eerieris Table of Bipmeatsion)
portion Z@d3randifih MAht €T HgkREs e MeAGK ePhat Bierrdhh §Amko 968 B Ghel ectric

| ayer 50, the adjustnent oxide |ayer 60, ‘and the conductive gate naterial

| ayer 70tyriggibtfeonn &) ppShaem. plhonghdasyer apd gfsatepihickigssep areglsp foierlatth mul ti pl e
consecutjyg,steps. In either case, the sidewalls of each of the first and
second gate stack are substantially vertically coincident. WN The first

hi gh-k gate dielectric 50A and the second high-k gate dielectric .50B arc
formed b t [ ] I gh- K. L e rjc. LSt

adj ust met?t0 gbgégﬁg%f%%ﬁugbﬂ%ggq llgdegﬁencégggéngg‘]qﬂ'ég%g%}ta ég?(li%gleggp{ei on 608
are for methiwpdpadrilgennmgconipe seddpadgryyetiine ox i@ phary snmiéiducTorandtériab t

conductiy .Eatie rrs% rial &orlti on 70A and .the second conductive gate

mat eri al WSIS PSR 8 A8 Piot 7RG BV PRI &7 R g THe ¢ onduct i Ve gat € Hat eri al

| ayer 70silidoneesadiunpadrb@rdiloy, Sallinanskeide, ellidoh aoerdde, ind@nsihaginidef tVie hi gh- k
gate dielectric layer 50, the just ment oxi.de |ayer 60, and.the conductive
Gate ot BPHN RPTHSTE A hLCTRER StcGeu sl EPide” Thus. t he
si dewal | senfdontiit@orfmattalshingldther @aippul Rirehdicéor dddrialk e ThHafiicdnductk | Y
vertically coincident wwth the sidewalls of the first adjustnment oxide
porti on B¥A MG AeRosiGdyaRan LY ¢Pingre 2 frRedserpiGayees W@e‘ﬁgi"é{ernﬁrt‘%arﬁ B portion

70A.  Li keaposiRd a$ Hundbstawethicsndtiof eSS t98hnd seRedtc@BiRpéli8liget ric SOB are
substantially vertically coincident with the sidewalls of the second

adj ust mePlasidtige Bsrthickieseggheareicondicor buganaydedrm frautd8asia edndtitti ve
gate mat & i AhoRATLERAnd HBated DR BRE ANS Sxclikinty 0tEn k& IRELFT ¢ | ayer 50 is
formed directly on the top surface of the first fluorine-doped

sem conductor |ayer 40A, the first high-k gate dielectric 50A abuts the

first fl i Ne- ] k. r -kl ' : d hi ghl
gat o i of e dR R RERLE PRANEL S MR, Ak ST ARG
subst ant ¢xadd lgyek bsand the chndaetiweniec cowmliatliapr 70 syfemed Dher afi entge tdpisgfiack ofjat e

di el ect r{'hg gn(%@\ni&aaortsg SH%%EV conposition and thickness as ilne second

hi gh-. k gatge dimer et e W The first adjustnent oxide portion 60A has the
same conposition and thickness as the second adjustnment oxide portion 60B.

[0042] Referring to FIG. 7, a first gate stack and a second gate stack are formed by
lithographically patterning the stack of the high-k gate dielectric layer 50, the adjustment oxide
layer 60, and the conductive gate material layer 70. The first gate stack is formed in the first area
100, and the second gate stack is formed in the second area 200. The first gate stack includes,
from bottom to top, a first high dielectric constant (high-k) gate dielectric 50A, a first adjustment
oxide portion 60A, and a first conductive gate material portion 70A. The second gate stack
includes, from bottom to top, a second high-k gate dielectric 50B, a second adjustment oxide
portion 60B, and a second conductive gate material portion 70B. The patterning of the stack of

the high-k gate dielectric layer 50, the adjustment oxide layer 60, and the conductive gate
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[0045] Referring to FIG " a p-type field effect transistor including the
first gate stack (50A, 60A, 70A) is fornmed in the first area 100, and an
n-type field effect transistor including the second gate stack (SOB, 60B,
70B) is forned in the second area 200. Source and drain extension regions
(not shown separately) and hal o regi ons (not shown separately) in the
n-doped sem conductor region 12A and the p-doped sem conductor region 12B
are formud by ion inplantation. Thereafter, first and second dielectric
gate spacers (80A, 808) are formed by nethods known in the art, i.e.,
deposition of a conformal dielectric material |ayer followed by an

mi sot r opiMateElddyer fimay RerRsteranc &t 3 2BINSEEP- 3561 ibs RETOTRAL NGB HRIGEPTFEEHRY i ng
verti cal sgar i Qmsr Qfe, tRQideRNTsF BRh obing ki hid Lcdilat k@t IreyiBEamiRgpes t he
first and second gate spacers (80A, 80B). Subsequently, deep source and
drai n i oferiisaHy agieddanbns are perfornmed to formthe first source region 92,
the first drain region 94, a second source region 95, and a second drain
region 96. [0046] The p-type field effect transistor includes a first

di el ect r [084Yakbe fisyp higbrk BEAliclertric 308t and therseeond bighdrgag2licleginy S4Bfarerformedr ai n

region 9 ggn he firs: egi . i "al egion 94
has a p-té)i/%ag oé?&egﬁlgﬁlégétélg lﬁéﬁ%g‘ﬁ% qu)b?%l ?gﬁpo lﬂ?%éﬁ W?@ogﬁnu%#?ﬁgf}%oped
seni condsecomiadjuatyent ¢k rern&0P arctfboreddf potteeniseiho adjusthens pkidelagersed

Sem Condﬁ%t t?rlét clorqgue{ive‘loﬁe' mgguea?l (](;ﬁig a'yd&l andttﬁ'eeseg(l)nﬁsct ndsugtw C%\ter a%n%p O?t%onl ncl udes
a first uorine- (ﬁop sent coRduct or” S6urce porf)l on 9ZA‘and a second

f | uor i ne7@ge breedbrmindiniigolic wodicde: gty natainl 828.70TMee fanegphttdrh isor | ne- doped

sem conduct por urc ortion, 92A |s a rtion o he first fluorine-doped
s condtitbif QER B AL OhER gk el BRik. Mo, he Suhubit ket Bl Goped
sem condaeitihd coaubtieegddOmhted 1825701 t6 fa@ampry firsind edcohdigatSeaR) dTHub Uy | ne- doped
sem conduyct or. | ayer. 40B on the. sour side. Likewse, the firs rain

regi on 9%95YsUp Bﬁégﬁi‘it gh-kgatp p’ﬁl?F‘i“ﬁé&gaf?éﬂbsé"é‘ﬂiﬂtyovﬁﬁlﬁ’ﬁqyo‘io“ﬁ’rdﬁ?tﬁ” ltbhdg‘f i on 94A
and a seg@uhiik bueé fiReadiRRRG 5888 SoAMHEIAQIN eHediddwRIQS df kR Tir4Ehdudiie ghier St
fluori ne-doped sem conductor drain portion 94A is a portion of the first

f 1 uor i nemdisHY dogen @ontiierise. theayder Ao triesard hipha stteidke il ¥he second
F1 uor | neq dangrns ooHGAYAES R HIRIR sRREHIR (R4 Bohd foBREK bO: Blubignsecond

fl uori ne-doped sem conductor |ayer 408 on the drain side. [0047] Sone

pr ocess endiihgiidpyatly offhg sepondepadictiyegteapaterisgbpartigfhlOB. gat e di el ectric | ayer 50
enpl oy high tenperatures, i.e., tenperatures above 800 'C, Such high

t enperature processes induce diffusion of sonme fluorine atons into the
porti on BP44]HEchisgthe highdt mtedlidéogirt Inyec 50 myfenme8 Qirfatly om thefioproripgeet dgped

sem conductor | ayer .|l ocated direc nder.neat h . . I.J st

£ uor  nelabpan itea SR RO AFEIOA MORERAR P Fp e R MM B LS

i ncl ude fAuwriaeidbpedtseroiomtnnealaydr 40MahLikbwisepheasataad hiphpagatestidectricaiBi abats ed,

H- € m)tYlee gec]:)rlicp srgmlic%%ggc%r Ila;[y!:raIIZB,S\IN 1%1? isI anshgstgnggl?)} tﬁl}olr'll%é-ggeal slemiconductor layer.
The first high-k gate dielectric 50A has the same composition and thickness as the second high-k
gate dielectric 50B. The first adjustment oxide portion 60A has the same composition and

thickness as the second adjustment oxide portion 60B.

[0045] Referring to FIG. 8, a p-type field effect transistor including the first gate stack (50A,
60A, 70A) is formed in the first area 100, and an n-type field effect transistor including the
second gate stack (50B, 60B, 70B) is formed in the second area 200. Source and drain extension

regions (not shown separately) and halo regions (not shown separately) in the n-doped
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sites, wtthin the first source region 92, the first drain region 94, a
second source region 95, and a second drain region 96. For exanple, an
activation anneal is perforned at a tenperature from900 C. to 1050 0OC
after formation of various source and drain regions (92, 94, 95, 96),

al t hough | esser and greater tenperatures are al so contenpl ated herein.
1110481 The diffusion of the fluorine atons dopes the first high-k gate
dielectric 50A with fluorine, while the second high-k gate dielectric 5013
remai ns substantially fluorine-free, i.e., the concentration of fluorine in
t he second high-k gate dielectric 50B remains at trace level (1.0 X

1014/ cnBYemEronBLGES IO Ang e~ 4apRe i oRen e resion 1 2Bqrg foEmedyign i n the first

hi gh- Kk gafanitiBh eicfeher X B Yechfd dib10MRid g Hadbes BORI08) A€ Torlkd by on) to 10
% and preferably from10 p.p.m to 1 % although |esser and greater atomc
concent r Bethefsknaye inghe oyt. d entepaplien ¢@ meloana diclprigs magsial laver {llawed iy ap ef f ect
transi st ffisdiBpit BRh fHal Shno@s @B bAHbHIGRerdby IR EmGnfk SELiED GofiBRIIF Rl N9 @
stack of éSfI%O(ine?dopgdshigh-Eﬂgate H?é?egtricm(thg ffrs?ohigh-k gate

di el ect r fanf@@A) diclentria heterfdl fayer baeljrups theeftrst apk bedendmaterspenarsa®m., 8§Bke n- -t ype
field ef i I ; ' el ectric
conprisi%gﬁénéﬁggﬁkg%a%q%ﬁggggH??gﬁ?%“?#ﬁ%??g%?#@gg%gﬁﬁHﬁ?Eggg?gkdielectric
(t he secwgonlRghe fikt dyah ecgtiné ecteriral s6OB) regiod 95,hed 8 ewomtidraidjregginrfiént oxi de
portion 6013. The second high-k gate dielectric 50B has a materi al
conposition that is different fromthe first high--k gate dielectric 50A
only by [00é6]pThe paneeictf effebiteinbiser iatlods a fird A RLtricOghte epnadri8PA, £fctsooifce t he
first source _region 92 and .the first. drain region further i.nclude a
Subst ant FERTEATGEArD s PrgdoT T dHER B R RiGErron 2 ghEte PSRBT ot 1y
beneat h 94ieas a@agpcioping @id eudiope forsembapNGCHFind-ayRE séfldshdudibr et s case,

the first source region 92 includes a substantially fluyorjne-free p-doped
source pdtt it I@?@nl"f)H‘Sﬁ%ﬁ?n‘bﬂ'r‘%‘ﬁd?P%‘éﬁ‘@J&P'PF“F‘ﬁélaﬁ"éé‘BﬁdSchﬁﬁ?liyn@Pgsé%ed

sem condyte reghAUNGRIRIRE h FRNRAhS-do de&f&snéuhtbfp‘;oufiégbﬁoﬁ oA @l Sdcdnc! udes a
substantially fluorine-free p-doped drain portion 94C |ocated directly

beneat h H¥Eingdersddemiconsiurinesodtsp sertigr iR o et Sluodreaionedismisoaiicea13. (00501
The bodysffcebBRioR 93 A RE Joki®htf Bl rRG MubARNRhSE @hidoRGlcks f’a?eram%! dnhe Burcdoped
fluorine-doped body portion 4211 and a second n-doped fl uorine-doped body
portior $idegd thagpeord frusringrdensd exnigindugtprseurce ppertd2Bod g pproen piohe woendhas t he
sane dopgnt. C¢ i j I Re- ) C uctpr | ayer
30A pri of e POFR Rk s bh ol S Rg e AR o 27
regi on Yicluddze fae clomtherdogeheidohdetdr deimppéeh Hadnd percondfiuatig-dofeds t he sane
dopant cgnecentrati.on as.t S | uorine-.dope m conduct er 40B
oo t oML 4R AR fie? 3FEBE bt aBRsBESREM SRR T egion
94. portion of the first fluorine-doped semiconductor layer 40A on the drain side, and the second

fluorine-doped semiconductor drain portion 94B is a portion of the second fluorine-doped

semiconductor layer 40B on the drain side.

[0047] Some processes employed after deposition of the high-k gate dielectric layer 50 employ
high temperatures, i.e., temperatures above 800 °C. Such high temperature processes induce
diffusion of some fluorine atoms into the portion of the high-k gate dielectric layer 50 from a
fluorine-doped semiconductor layer located directly undereath, e.g., from the first fluorine-
doped semiconductor layer 40A. Such high temperature processes include an activation anneal

in which implanted dopants are activated, i.e., moves from interstitial sites into substitutional

15



[OM The n-type field effect transistor includes a second dielectric gate
spacer 80B, a second source region 95, and a second drain region 96. Each
of the second source region 95 and the second drain region 96 has an n-type
dopi ng. Each of the second source region 95 and the second drain region 96
is formed by converting a portion of the second sem conductor |ayer 12B.
The remai ning portion of the second sem conductor |ayer 12B is the body of
the n-type field effect transistor. The second source region 95, the second
drab region 96, and the body of the n-type field effect transistor (which
is the remaining ortion of the second sem conductor |ayer |128) are

subst ant Ptk Withiy th%ﬁrShwrcreé@wnl%tbe firsrfrainTegipn Y sesAnGIouch EeiBOgrdRi gh- k

gat e di elRGld drsin REBnBI FbN&aSHIE UG AALYS iiiBA s RXbARdRPS feh?aaﬁ%&ﬁ ovi des

hi gh threshol d voltgge to the n-type field effect transistor. The fluorine

dopi ng i P0G Feo hoWy Cafter frangsion phearippseiorreg prfdedein raginns (Bt O 98 Sep alioagles t he
| ower i ng .0k 116 dafak oldrdaltage .0k nbbeqRakype field effect transistor by
t he pr esence o%rt%eEﬂBr gglrea jeuazstgngntmg%?%eerplorti on 60A in the First gate
stack (50A, 60A, 70A) so that the threshold voltage of the p-type Field

effect t I-SLOFe] ffi-cl ent rai NS el d effect
ranai st (R Hirals e BHHE FEN S Bpatfh oy biEablahy B LR
f1 uori nefldoipedvibiodye sofontl héghik-gayepitelédired WBathaiot substanills flowine G633 BeG 9 is

a vertical cross- ti.onal, vi ew, of second e | ar. m con t or

2t vet ur SreREIRg Tt ROP iede i B ke RGO PR AP IRREN T

ser ai i onthiBan®) st bdlei.UTle addmia cicepradon sfrspancitogs inahdirt high-k Fdnedisleasnd
exenpl ary . sem conduct or structure,. inclydes secqnd_p-type fie ef f ect
Cranei of A BRLSSREL b ribige i bl ol erdanor s AR 47 b % ocar o on
the sem goRAUCEREr 54 BehieAdtemB conddrtieaimélaliy doyiReiplatedlndredi fTRGH, tHerpadpsd St or
includes _a third gate stack, which includes, frombottomto top, a first
sem condf{idf siechiearpiston iy the Bt aerc 004ngludes g4t ¢plecti eampRsising @ s@gh@ligant  ( hi gh- k)
gat e di eh@finkldepeadfznhosskd Belaonid @hedtibirhigh-ICORSdiaRlri @53 LRY th haw adjuPmend t hi rd
adj ust ment oxi de portion 60C, and a third conductive gate material portion
70C. Theoxécroipnf0dy dhe pitwedieldroffgettrapsigordn Segecond ey Bsingudep g gdth gat e
stack, whigehyilt &%ﬂt‘féﬁ a sfabIOBP aQ‘HBsTtﬁlﬁ‘aﬁPﬂ&oﬁﬂe-f@e 1?1%19—12 %Qe aRMLCRRHYGL g oxi de
portion 32D, a fourth high-k gate di'electric 50D having a dielectric

const ant high-kgtte dielentain S4B Dand ghef soennt ladjagijnaritonisa portigi 6@B. pbetseeond BEIDK and a
fourth c i I 1 . 4 third gate stack is
f ormed |%£étjﬁ§%%ﬁ fr(;ga 568]81 (?)Irmgﬁqg%xi tgﬂ 1{%@&843%9%6%8&%? Icl)l%plé)(flgtge | ayer :32
(See P1(didgle@iic HGA ody by tpresshce bfi tkevinsgpms.he fourth gate stack is formed in
the fourth area 400 from Wi ch the sem conductor oxide |layer 32 (See FIG
3) is not renoved. The first sem conductor oxide portion 32C and the second
sem condee49ropmishdly, qaol bf thafisLsbjirch sagentens tadirst drapasgidvn Yhmaysiurtberd

substantjal ly the sape.thjckness as, the sem conductor oxide |ayer 32. The
Third i G pipRaaly Bl bE Ceepdo R e PO FRoR Grek g b Bl B e s01)
have t heses@iiElueARP@Ped bediicoauct@NalesAUBs tia i @kd, Yhetfh@ so@bEretibh gkinclggesas, the
first and second high-k gate djelectrics %QﬁOA, 50B) of FIG 8. The third
adj ust mehtubyIEEY Pesitnedise solereiguirheortigiAhlosrisd flertyengh hesestid i on 60D
have t hef&iRK dofc@RBRitbidudOr R8rce oo 9IS taAdink &ikd MralnhBois@9PIntIbdkkness as, the
first and second adjustnent oxide portions (60A 60B) of Ma 8. The third

conduct i Wstepiiely freareeiftge prdepad; demn patomedl eaied diethsehettBa{rsetd i on as t he

first gaggimBli6sel mPHduLO A DortBRY48 he fourth gate material portion 70D
may have the sanme conposition as the second gate material portion 708.

[0050] The body of the p-type field effect transistor includes a first n-doped fluorine-doped body
portion 42U and a second n-doped fluorine-doped body portion 42L. The first n-doped fluorine-
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100551 The second p-type field effect transistor and the second n-type
field effect transistor ha a greater effective oxide thickness than the
p-type field effect transistor the ri-type field effect transistor in the
first exenplary sem conductor structure, and may be enployed to providc a
circuit requiring | ower power consunption (typically at the cost of slower
performance) in conbination with the p-type field effect transistor the
n-type field effect transistor in the first exenplary sem conductor
structure. [0056] Referring to FIG 10, a third exenplary sem conduct or
structure is shown at a step corresponding to FIG 8 of the first exenplary

seni conddered Podtroon del hathe sam qogart keepEkign 3t BEhleErHoRSr uct ure s
derived {50MnifiGorl1hysioSHRR REMatR8F GO 'ﬁgslt' %u%e rg%(gm A0 ErclPfst QWi LebiBg the
formation of the epitaxial sem conductor at the step corresponding
to Fla 2%4Thigssecontha-dgpadyfpiering-dapgd bedyeertion 1481 b&séb@ian@fdomqnécmlmnﬂeu%@énpl ary
sem cond 1 A ds to
the opi t Lo BANEL MhRaaaRpRAL ok P pASto REFLE F R T FGILFPROT

t ransi st 8% amifth¢ fiet driin regicanddnpl ary senlconductor structure does not include
a first fluorine-doped sem conductor source portion 92A, a second
fluori ne-doped sem conduct or source portion 9213, and a first n-doped
f 1 uori net0dSplethelmagly: frdd ¢ffcorrahid@r infldds dlsedshd hieletthe gatavendriSon, akmsmbee n
described in ter of . speci fic enbo it is. evident

For egol n ERLEITLEY B L R A PEAL b PP RAPF sea St rerion P attb g
vari at i opgomd drhin @Kﬁm&hﬁﬁzﬁin type Udpoge Fall dfliecketdndtshi@ceaegion #Eadriel ngl y, the
invention :is. intend enconpass all suych Itern tives, nodifigations
and vari P almgm éff ormed by RO YeREeSPOpEn QhHe ST5PR Te“t‘ﬁ"“?‘f‘fé"r #¥eritr on and
the fol | pud ﬂéﬁlai‘ﬁln@'pﬁﬁwn of the second semiconductor layer 12B is the body of the n-type field

he

effect transistor. The second source region 95, the second drain region 96, and the body of the n-
type field effect transistor (which is the remaining portion of the second semiconductor layer

12B) are substantially fluorine-free.

[0052] The combination of the second high-k gate dielectric 50B and the second adjustment
oxide portion 60B provides high threshold voltage to the n-type field effect transistor. The
fluorine doping in the body of the p-type field effect transistor compensates the lowering of the
threshold voltage of the p-type field effect transistor by the presence of the first adjustment oxide
portion 60A in the first gate stack (50A, 60A, 70A) so that the threshold voltage of the p-type
field effect transistor is sufficiently raised, i.e., the p-type field effect transistor has a sufficiently

high threshold voltage due to the fluorine-doped body of the p-type field effect transistor.

[0053] FIG. 9 is a vertical cross-sectional view of a second exemplary semiconductor structure
that may be formed concurrently with the first exemplary semiconductor structure at a step
corresponding to FIG. 8. The second exemplary semiconductor structure includes a second p-
type field effect transistor and a second n-type field effect transistor that are located on the
semiconductor substrate 8. The second p-type field effect transistor includes a third gate stack,

which includes, from bottom to top, a first semiconductor oxide portion 32C, a third high
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Clains What is clainmed is: 1. A sem conductor structure conprising: a
p-type field effect transistor including a first gate stack and | ocated on
a sem conductor substrate, said first gate stack including, frombottomto
top, a first high dielectric constant (high-k) gate dielectric having a
dielectric constant greater than 4.0, a first adjustnent oxide portion, and
a first conductive gate material portion, wherein said first high-k gate

di el ectric abuts a fluorine-doped sen conductor layer: an n-type field
effect transistor including a second gate stack and | ocated on said

sem conduct or substrate, said second gate stack including, frombottomto

top, a séelsedc sangRohighkbeag dplegtic PQC bainenglicdecticaretanf preateigharbhe gr eat er

than 4. Ouhiréaaﬁﬁﬁl@ﬂ oRdk Pstioeadc QXd 8B ddu@ie 2R chAraRRANG 79eNgHct i ve gate
material portion, wherein sald second high-k gate dielectric abuts a

subst ant feadridyn-typailanld eféect iransisorinclodmaduonrtrsaleapsk., whaghdndwdss Heom Bdtigenp ne- doped
sem C0”d&&gtaosrea{nﬂléaﬁjc!)rfag&&e&ii&:{{oﬁ%'ﬁg?{@ﬁﬁ!ﬁ ﬁtgﬁ-ﬁ' Qtefdle}ég{rfc%b%%ﬁga.
nd 1 nclu i S materi al ,

seni conductor layer a I'ng a eren m conduct or
wher ei n diekdriaamttergrdatentan A; dopeidadestmaw ndde p@tion @k pndmidutiai d

subst ant (IJO%IdIII(XiVC gate material portion 70D.

[0054] The third gate stack is formed in the third area 300 from which the semiconductor oxide
layer 32 (See FIG. 3) is not removed. Likewise, the fourth gate stack is formed in the fourth area
400 from which the semiconductor oxide layer 32 (See FIG. 3) is not removed. The first
semiconductor oxide portion 32C and the second semiconductor oxide portion 32D have the
same composition as, and substantially the same thickness as, the semiconductor oxide layer 32.
The third high-k gate dielectric 50C and the fourth high-k gate dielectric 50D have the same
composition as, and substantially the same thickness as, the first and second high-k gate
dielectrics (50A, 50B) of FIG. 8. The third adjustment oxide portion 60C and the fourth
adjustment oxide portion 60D have the same composition as, and substantially the same
thickness as, the first and second adjustment oxide portions (60A, 60B) of FIG. 8. The third
conductive gate material portion 70C may have the same composition as the first gate material
portion 70A, and the fourth gate material portion 70D may have the same composition as the

second gate material portion 70B.

[0055] The second p-type field effect transistor and the second n-type field effect transistor have
a greater effective oxide thickness than the p-type field effect transistor the n-type field effect
transistor in the first exemplary semiconductor structure, and may be employed to provide a
circuit requiring lower power consumption (typically at the cost of slower performance) in
combination with the p-type field effect transistor the n-type field effect transistor in the first

exemplary semiconductor structure.
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fluorine-free sem conductor |ayer have substantially coplanar top surfaces.
2. The sem conductor structure of claiml, wherein said first high-k gate
dielectric has a sane conposition and thickness as said second high-k gate
dielectric, and wherein said first adjustnent oxide portion has a sane
conposition and thickness as said second adj ustnent oxide portion. 3.
The sem conductor structure of claim2, wherein said first high-k gate
dielectric and said second high-k gate dielectric conprises one of H 02,
Zr02, La203, Al 203, Ti02, SrTi 3, LaA103 Y203 Hf O'Ny, ZrOxl\ly, La20"Ny,
Al 20" Ny, TiOxNy, SrTi Q aAl0x , a silicate thereof, an alloy

t her eof , [04A@] Bebeiring GiFlG %ﬁéthﬂlﬂéx %Pﬁf@c‘{“ﬁwgdfm“\}ﬁé?sépﬁn d4cHPval ue of x
is i ndep&fﬂ%hﬁﬁg B¢ @QP{H& ant &eﬁ@laﬂ%ﬁ“coﬁdtﬁw stARRe. VA WirdkeMplhs

i ndependently fromO to about 2. . The sem conduct or structure of

cl ai m 2, sepheandiqiorshpaiure lSer}ﬂV@cf}‘Q!FSﬁlﬁ'ﬁm e)@mphiey FOvqondetol Ngucsag By ereidingd

20 Ll 5, R R BB g B o B ke,

t her eof . the p-type field effect transistor of the third exemplary semiconductor structure does not include

any portion that corresponds to the epitaxial semiconductor layer 30, i.e., the p-type field effect
transistor of the third exemplary semiconductor structure does not include a first fluorine-doped
semiconductor source portion 92A, a second fluorine-doped semiconductor source portion 92B,

and a first n-doped fluorine-doped body portion 42U.

[0057] While the invention has been described in terms of specific embodiments, it is evident in
view of the foregoing description that numerous alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the invention is intended to encompass all such
alternatives, modifications and variations which fall within the scope and spirit of the invention

and the following claims.
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5. The sem conductor structure of claim1l, wherein said fluorine-doped
sem conduct or | ayer has an n-type doping, and wherein said substantially
fluorine-free sem conductor |ayer has a p-type doping. 6. The

sem conductor structure of claim1, wherein said fluorine-doped

sem conductor |layer is a fluorine-doped single crystalline
silicon-germanium all oy |ayer, and wherein said another fluorine-doped
sem conductor |ayer is a fluorine-doped single-crystalline silicon |ayer.
7. The sem conductor structure of claim®6, wherein said p-type field effect
tran3|%ﬂor further conprises a first source region and a first drain

regi on,”'@8Bh having a p-type doping and including a portion of said
fluorine-doped seniconductor |ayer and a portion of said another
fluoriqgh%qged.s conductor |ayer, wherein each of said first source
regi on g st drain region includes a substantially fluorine-free
p- doped sem conduct or reglon Iocated beneath said fluori ne-doped

semi condu tor I aiy he sem conductor structure of claim1, wherein
said firs ﬁo’é‘&tc@r&f%?t@ﬁe[?qn&prlsg‘gfl uori ne-doped, and wherein said
second hi gh- k gate dielectric is substantially fluorine-free. 9. The

sem C0ndué\:tp9t3r/pe5{‘ekl'3J I‘f t?ran3| trrplncFudln% a first gate stack and located on a

semiconductor substrate, said first gate stack including, from bottom to top, a first
high dielectric constant (high-k) gate dielectric having a dielectric constant greater
than 4.0, a first adjustment oxide portion, and a first conductive gate material
portion, wherein said first high-k gate dielectric abuts a fluorine-doped

semiconductor layer;

an n-type field effect transistor including a second gate stack and located on said
semiconductor substrate, said second gate stack including, from bottom to top, a
second high-k gate dielectric having a dielectric constant greater than 4.0, a
second adjustment oxide portion, and a second conductive gate material portion,
wherein said second high-k gate dielectric abuts a substantially fluorine-free

semiconductor layer; and

another fluorine-doped semiconductor layer located directly beneath said fluorine-
doped semiconductor layer and including a different semiconductor material,
wherein said another fluorine-doped semiconductor layer and said substantially

fluorine-free semiconductor layer have substantially coplanar top surfaces.

2. The semiconductor structure of claim 1, wherein said first high-k gate dielectric
has a same composition and thickness as said second high-k gate dielectric, and
wherein said first adjustment oxide portion has a same composition and thickness as

said second adjustment oxide portion.

3. The semiconductor structure of claim 2, wherein said first high-k gate dielectric and

said second high-k gate dielectric comprises one of HfO,, ZrO,, La,0; A1,0; TiO,,
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a p-type field effect transistor including a first gate stack and | ocated

on a sem conductor substrate, said first gate stack including, frombottom
to top, a first high dielectric constant (high-k) gate dielectric having a
dielectric constant greater than 4.0, a first adjustnment oxide portion, and

i ol oot Brabtih 105 AP0 dTRNE i Eaid R atioHlr g6, SO LA ENG 77l

ef f ect Y 0OaNgi = tsilicaienthevebf ngn aallog cihabofasred sbaskoictiameétac atagidnisnthesdof]
' {. bst sai d K_i di f it t
o el e L B S B BB R b SR OE M B PR o 0

t han 4.iddependediyrfcbnadjtauaboe2t oxi de porti on, and a second conductive
gate material portion, wherein said second high-k gate dielectric abuts a
substantially fluorine-free sem conductor |ayer; anot her p-type field
effect transistor |ocated on said sem conductor substrate, wherein said
anot her p-type field effect transist incl.udes .a . thir te stack, said
Ehird gar URSsam PRt Elar Ribebi R el 550 et bbb ke R0l or - oxi de
por t i orandasaidhséabnligliustthehtemndde portiomsbdraptise Be gMgkTagat, BadliRal, ¢t Y| ta,havi ng a

di el ' 4. ird adj . id i on, d
a i1 O DS BEES G B P Hr's T8 YO bR PR oPn R Fehi Condubt or

oxi de portion abuts another substantially fluorine-free sem conductor

| ayer; and anot her n-type field effect transistor |ocated on said

sem conductor substrate, wherein said another n-type field effect

transi st 05. | Tied usenicanduztort lstigiatuee Sbhicklainsatd heretrh ggidl e fladrirekdoped! udi ng,
from battomt.o tt o%,y a, second, sen conduct or_oxi de. portlog I aﬂfo.urtfh hi gh- k
gate disSIEEFHEORERYPHE% 0iTEVRE PP BAL ATy ~aig R SIAAYATPNINg T8y £ 1
adj ust senticomducter lagerthasra p-type dopfngur t h conductive gate material portion,
wherein said second sem conductor oxide portion abuts yet another
substantially fluorine-free sem conductor |ayer. 10. The sem conduct or
structure of claim9, wherein said first high-k gate dielectric has a sane

conpositign and thickness as sa{gd segonld. hi qh-k ate di.electric d
¢ Tl

a
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and wherein said another fluorine-doped semiconductor layer is a fluorine-doped single-

crystalline silicon layer.

7. The semiconductor structure of claim 6, wherein said p-type field effect transistor
further comprises a first source region and a first drain region, each having a p-type
doping and including a portion of said fluorine-doped semiconductor layer and a portion
of said another fluorine-doped semiconductor layer, wherein each of said first source
region and said first drain region includes a substantially fluorine-free p-doped

semiconductor region located beneath said fluorine-doped semiconductor layer.

8. The semiconductor structure of claim 1, wherein said first high-k gate dielectric is
fluorine-doped, and wherein said second high-k gate dielectric is substantially fluorine-

free.
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11. The sem conductor structure of claim 10, wherein said first high-k gate
dielectric and said second high-k gate dielectric conprises one of Hf 02,
Zr2, 1-a203, Al 203, Ti02, SrTi(O3, LaA103, Y203, HO'Ny, ZrONy, La20Ny,
A 20"Ny, TiO'Ny, SrTiO'Ny, LaAlOylly, Y20xNy, a silicate thereof, an alloy

t her eof ﬁ non- st%c&iﬁoget |eccvar| ants thereof, wherein each val ue of x
i's i ndepend T%/m'f:? CRH3UYC Y5 CBPEBLt 3 and each value of y is
i ndependently fromO to about 2. 12. The sem conductor structure of
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fl uori ne-doped sem conductor |layer and including a different sem conductor
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sem contigetpartidnayer is a fluorine-doped single-crystalline silicon |ayer.

and a second conductive gate material portion, wherein said second high-k gate

dielectric abuts a substantially fluorine-free semiconductor layer;

another p-type field effect transistor located on said semiconductor substrate,
wherein said another p-type field effect transistor includes a third gate stack, said third
gate stack including, from bottom to top, a first semiconductor oxide portion, a third high
dielectric constant (high-k) gate dielectric having a dielectric constant greater than 4.0, a
third adjustment oxide portion, and a third conductive gate material portion, wherein said
first semiconductor oxide portion abuts another substantially fluorine-free semiconductor

layer; and

another n-type field effect transistor located on said semiconductor substrate,
wherein said another n-type field effect transistor includes a fourth gate stack, said fourth
gate stack including, from bottom to top, a second semiconductor oxide portion, a fourth
high-k gate dielectric having a dielectric constant greater than 4.0, a fourth adjustment
oxide portion, and a fourth conductive gate material portion, wherein said second
semiconductor oxide portion abuts yet another substantially fluorine-free semiconductor

layer.

10. The semiconductor structure of claim 9, wherein said first high-k gate dielectric
has a same composition and thickness as said second high-k gate dielectric, and
wherein said first adjustment oxide portion has a same composition and thickness as

said second adjustment oxide portion.
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16. The sem conductor structure of claim 15, wherein said p-type field
effect transistor further conprises a first source region and a first drain
regi on, each having a p-type doping and including a portion of said

fl uori ne-doped sem conductor |ayer and a portion of said another

fluori ne-doped sem conductor |ayer, wherein each of said first source
region and said first drain region includes a substantially fluorine-free
p- doped sem conductor region |ocated beneath said fluorine-doped

sem condu | ayer. 17. The sgm.co ﬂu tor. structur.e of cl ai wher ei n
s a0t i o e Sanduciar gy BRI R e dalb st iR gals BelPels o
second dndgiziksamhe hifhet gaterdicledtdc sorppiisestonal of HFOL, LKYOL Nlea,Or,e%1,0;, TiO,,

SrTiO3, LaA10;, Y;03, HFON,, ZrO,N,, La,O«N,, A1,04N,, TiON,, SrTiON,, LaAT1O,N,,

Y.OxN,, a silicate thereof, an alloy thereof, and non-stoichiometric variants thereof,

wherein each value of x is independently from about 0.5 to about 3 and each value of y is

independently from 0 to about 2.

12. The semiconductor structure of claim 10, wherein said first adjustment oxide
portion and said second adjustment oxide portion comprise Be, Mg, Ca, Sr, Ba, Ra, Sc,
Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, or a combination thereof.

13. The semiconductor structure of claim 9, wherein said fluorine-doped
semiconductor layer has an n-type doping, and wherein said substantially fluorine-free

semiconductor layer has a p-type doping.

14. The semiconductor structure of claim 9, further comprising another fluorine-doped
semiconductor layer located directly beneath said fluorine-doped semiconductor layer
and including a different semiconductor material, wherein said another fluorine-doped
semiconductor layer and said substantially fluorine-free semiconductor layer have

substantially coplanar top surfaces.

15. The semiconductor structure of claim 14, wherein said fluorine-doped
semiconductor layer is a fluorine-doped single crystalline silicon-germanium alloy layer,
and wherein said another fluorine-doped semiconductor layer is a fluorine-doped single-

crystalline silicon layer.

16. The semiconductor structure of claim 15, wherein said p-type field effect
transistor further comprises a first source region and a first drain region, each having a p-
type doping and including a portion of said fluorine-doped semiconductor layer and a

portion of said another fluorine-doped semiconductor layer, wherein each of said first
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source region and said first drain region includes a substantially fluorine-free p-doped

semiconductor region located beneath said fluorine-doped semiconductor layer.

17. The semiconductor structure of claim 9, wherein said first high-k gate dielectric is
fluorine-doped, and wherein said second high-k gate dielectric is substantially fluorine-

free.
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