11/ 2005 WD 02/097889 PCT/ USO4] ;~1 SEM CONDUCTOR DEVI CE AND. A .METHOD .
THEREFOR 5 Field of the Invention This invention relates, in general, to
-semi condusy@ubzgleseces and”a method for forming ther&of, %?};Uﬂ $1/2005
particularly, to sem conductor devices with dual gates and a nethod for
form ng thereof. 10 Background of the Invention Polysilicon has
traditionally. been used as the gate electrode for MOS transistors. The
polysilicon electrode is typically doped either P+ or N+ to match the

dopi ng of the source ‘i.uﬁ' HUEYORDEN ;jlo.‘ 9 As devi ce

di nensi ons shrink, howEver—ptobrerns—exrst—w . : ysilicon as a
~gate el ectrode. For exanple, as theTE’I'EﬁEg@ﬁs of the P+_ doped
pol ysilicon gate el ectrode decrease, ——can penetrate fromthe

pol ysilicon gate el ectrodes through the gate dielectric and decrease the
-reliability of the device. In addition, as dinensions shrink for both P+
and N+ doped polysilicon, doping concentrations 20 increase. High
tenperature processes are perforned in order to drive the dopants into the
-gate elSectrode. Due to scaling, Fidld soivechvardiornfr ai n are shal | ower.

D sadvant ageously, the high tenperature process can cause the source and
drai n to becond hisdpeention reletes| ifh generakrietsemicenduttiopetdicasanchawever ,
t he dopants are nore likely to 25 reside away fromthe gate dielectric.
Hence, théﬂ@ﬁwd fobtoraping kerenftard, mare pariculady, ithaemisonductped. Thi s

ol ydepletjon effect wll act as, an .
POTYEEP! €devices with dual gates and a method for forming thereof.

»
10 - Background of the Invention

Polysilicon has traditionally been used as the gate electrode for
MOS transistors. The polysilicon electrode is typically doped either P+
or N+ to maich the doping of the source and drain regions in CMOS
technology. As device dimensions shrink, however, problems exist with
15 using polysilicon as a gate electrode. For exampie, as the dimensions
of the P+ doped polysilicon gate electrode decrease, boron can
penetrate from the polysilicon gate electrodes through the gate dielectric
and decrease the reliability of the device. In addition, as dimensions
\) shrink for both P+ and N+ doped polysilicon, doping concentrations
20 increase. High temperature 'processes are performed in order to drive
| the dopants into the gate electrode. Due to scaling, the source and
drain are shallower. Disadvantageohsiy, the high temperature process
- can cause the source -and drain to become deeper. If the high
temperature is not performed; however, the dopants are more li_kely fo
25 reside away from the gate dielectric. Hence, there will be an area of the
gate electrode that is not doped. This polydepletion effect will act as an
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11/11/ 2005 WD 02/.097889 1CT/US02/13116-.addi ti onal capacitance in series

with the
i ncr ease

gate dielectric gapacitance. In other mords; it will undesirably
the effective oxide thickness of the transistor. The 11/11/2005 - ..

pol ydepl eMWQ®P/¥f88ct was not a significant effect in ol dACKHEEBABI6gy,

because t
gate die

he thi ckness of the pol ydepletion area was 5 snmall conpared to the
ectric effective thickness. One solution is to use a materi al

whi ch has a work function approximtely equal to the work function of

either P

doped or N doped silicon. P doped silicon has a work function of

appr oxi mat atigitibrial @Apaditanessinsdripgdvith theoga teadicleslvidchpacitanaeofin
approximately 5.2 eV. 10 The difficulty is to choose a material which is

sui t abl e t@ihestwordgse wil unaesiablpinctease pine effaciivieooxicie tiicknieskearfent
materials where one would be approxinatelg equal to the work function of.N

doped si | itbentranststone Thenpelyvgaplelkipraeiées

doped si
di fferent

wasanot @ sigeifivant éffectinon of P
licon. It is difficult to find two djfferent terials with
ek teelipe %&emsalm%tbwi«@s@w the aﬁ&d%ﬁmrgam Was

' d_intaq. fl.ow. Theref d
i st oot o Sl CorPERalthihg sl dictartiCaReRVE iskhiss ca aevi cee. Bri ef

Descri pti
of exanpl

o and NE <ARHHAE 18 RETEARL W PSR Bt oo, PCn 1™

1 st r at cpTEdiately it flEMkyrton Ot #ihe P BpBectol NdtReY o7
devi ce sulgidaH.e FRlbpbd SiEbAhAR bewBHeF8ARERGS iibproximately 4.1 eV

10

whereas N doped silicon has a work function of approximately 5.2 eV. )
The difficulty is to choose a material which is suitable to both these

values. Another obtion is to use two different materials where one

would be approximately equal to the work function of N doped silicon

and the other approximately equal to the work function of P doped

silicon. It is difficult to find two different materials with different work

15

20

functions that have the chemical and thermo-stability necessary to be
incorporated into a CMOS process flow. Therefore a need exists to find

gate materials that are suitable for scaled devices.

Brief Description of the Drawings
The present invention is illustrated by way of example and not

limitation in the accomipanying figures, in which fike references indicate

similar elements, and in which:

25

FIG. 1 includes an illustration of a cross-sectional view of a portion

of a semiconductor device substrate after forming gate dielectric and

metal gate elecirode layers. | | ;
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FIG 2 includes an |IIustﬁat|on of. a cross-sectional j\ﬁlew of a 33[ %f
“a seni condM@OPITBNi ce substrate after patterning the net a#cma&o@ IIEEZ?O
FIG 3 includes an illustration of a cross-sectional view of the
substrate of FIG 2 after formng a polysilicon layer. FIG 4 incl udes an
illustration of a cross-sectional view of the substrate. of FIG 3 after
patterning the polysilicon netal gate and gate dielectric layers. FIG 5

i ncludes an il Iy ratneiudels 4n qr@tﬁaﬁ@ﬁw@@foe@ Qé’cﬁbnhl‘Qi(ev@*Q}f?JBéPﬁ@tﬁ e of

FIG 4 after formng a substantially conpleted device arti sans
appr eci at efthsensicemehicior devive §ubstrete afteri patistriagatefmetsl gald city and
clarity and have not necessarily been drawn to. scale. For exanple, the
di nensi ond@yer.some of the elenents in the figures may be exaggerat ed
"relative to ot r elenments to help inprove 15 the understanding of the
enbodi nent s of ﬂwadesuawdhtattatlowfmwmszeestlmb\zmmm

i1 cc OFf%isi%tBeé?Elébg“%f@r{ mIagRROYSIEN 1AY6rval ence band 1ice
cpprovimately bk SicRfhads HERHAE. 8Ea Y. LOtudhal gt uid,”: 2.
val ence aggihsRaRuH Bt P8 HtferPatteiif@ s polysilicon metal gate and gate
dielectric layers.
FIG. 5 includes an illustration of a cross-sectional view of the
10  substrate of FIG. 4 after forming a substantially completed device.
Skilied artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn
“to scale. For example, the dimensions of some of the elements in the
figures may be exaggerated relative to other elements to help improve
15 the understanding of the embodiments of the present invention.




referred to as the band- gap. The md-gap is approximately half of the

band-gap and is approxinately hal fway between the. conductlon a iagg)e(w
bands of WS o RLEL] al. A desirable work function for gate

channel transistors is one which falls between the 10 con |on and and
m d-gap of the sem conductor substrate. A nore desirable mork function for
N channel transistors is additionally at least 0.2 eV fromthe md-gap. In
ot her words, the nore desirable work function for N channel transistor is

bet imately 4. w4, V.inl I | . A desirabl k
funceron Tor gate o sct r daesaied DedonptBrblr Y AR | & Gne wiich fall's
bet th t t
moré desi rSinﬁi‘?ﬁoHﬁﬂ%é@ﬁﬁab@ff@swﬂ%%ﬁ“ﬁs. A R eHaRE P %

I t 0.2} t

bgﬁzw vacuﬁ\yn [If Q?HF \;% F’u@? gpgs t rencﬁ) g ﬁ%}r?vgeﬁh Sﬂ;%éﬁgzt%gﬁy
substrat e bhd for ﬁﬂcbﬁ%ﬂh@ 5t he\s %@ml!ﬁét\}atﬁmﬁmél r ame éxmﬁﬂt@

preferred enbodi nent, trench 20 is a shallow trench iIsolation region.

Tradi t sondl.q evodilﬁenénc@ebeweenrth@rmlensewﬂ@ coneludtion badgokSilices iknown

to one skilled in the art are used. Semn conductor substrate 10 can be

monocr yst aélerned toids the bandigam Fhermid-gap imapproximatelyhalbof then on

i nsul at or (SC]) or 25 the. like. In a first enbodinent, sem conduct or
subst r at eband-gap angda amnqmmatelsﬁ malé\uayckéﬁiw&elaabadcm ypomangbpi ng t he
5|I|conW|t boroncl é ~J 1/ V\lDO/Ogi1 /USD4éP200 this

enbodi menvalange bag sso e rmafriiainet de S3uodafnet gfengRtet ype by

' Pl ant i ngy A 3SHeS of N A faRbisio is' e which I Beheén e )

10 conduction band and mid-gap of the semiconductor substrate. A more

- desirable work function for N channel transistors is additionally at least
0.2 eV from the mid-gap. In other words, the more desirable work
function for N channel transistor is between approximately 4.1 and 4.5 -
eV-below vacuum level. A desirable work function for gate electrodes of

15 P channel transistors is one which falls between the valence band and
the mid-gap of the semiconductor substrate. A more desirable work
function for P channel transistors is additionally at least 0.2 eV from the

‘mid-gap or between approximately 4.9 and 5.2 eV below vacuum level.
FIG. 1 illustrates trench 20 within semiconductor substrate 10 to 2

20 isolate the subsequently formed transistors. In a preferred embodiment, »
trench 20 is a shallow trench isolation region. Traditional etch and |
deposition processes for forming trench 20, as known to one skilled in

 the art are used. Semiconductor substrate 10 can be monocrystaliine
.sil-icon, silicon germanium, gallium arsenic, silicon on insulator (SOI), or

25 thelike. In a first embodiment, semiconductor substrate 10 is P doped ,

- silicon. Silicon can be doped P type by doping the silicon with boron. In

A




is fornmed over senmiconductor substrate 10. In one embodi nent gate

dielectric 40 is Si®. Inthis enmbodi ment , the gate di#lectric j&;flg@
thermal | y WP B8UPP788 a t hi ckness of approxi mately 15 to 50 AQysudozmsi Q?
ordinary skill in the art realizes as devices shrink the SiQ2 thickness

may decrease bel ow 15 Angstrons. In an alternate enbodi nent, gate
dielectric 40 can be an oxide, especially a netal oxide, such as Hf 2,
Zr02, Al 203, La2Q03, conbinations thereof, or the 10 like. If gate

di el ectri ahi®ensbadiment, vwell 3 is 4n\W dopedrivelil | Wdle30rcdrbe ddpasdMNss of

approxi mately 5-100 Angstrons, or nore preferably less than 25 Angstrons.
| f gate ditgpedoy implenting arsenial, phosphoreusnircthenlike. @atedialecio 40D) ,
chem cal vapor deposition (CVD), physical vapor deposition (PVD),

conbi nat i dadotmededrer semisendugtorcsubsiratesta. forons embogimenhgate
ALD, CVD, PVD

L AL S el o
ungsten ShENDEHY oMo B Biediehs A epRIeXITaI ot Badt ARGSHoseEni ¢ i de.
E;afm R@%ﬁ??%&?k@@ﬂl’?ﬁﬂhé%?@?ﬁé& %@&%ﬂﬁé@o@?@@ﬁe§+§9£ tt tm ﬁ'f
met al ggt ieﬁplé@g%g@gys&ﬁ%%% ﬁ%}éj\/glqlsjl é‘b?{’%ﬁpﬁg’t ﬁ@gdérﬁl%ggﬁggér)lt rati on can be
cr cact ng o e B D e T Tl A [het on o

thi s mat epkitle, tsuctPBEPHORI 20, ARCBYLal0, 1 $6AIRANIONE2HE 688 r the
PCT/ US02/ 13116
10 like. If gate dielectric 40 is a metal oxide, it will typically be in the
thickness of approximately 5-100 Angstroms, or more preferably less
~ than 25 Angstroms. If gate dielectric 40 is a metal oxide, atomic layer
~deposition (ALD), chemical vapor deposition (CVD), physical vapor

deposition (PVD), combinations thereof, or the like can be used for

15 deposition. | |
Aftenrvafds, metal gate layer 50 is deposited using ALD, CVD,
PVD, combinations thereof, or the like. Metal gate layer 50 can be
_tantahjm silicon nitride (TaSiN), platinum, ruthenium oxide, molybdenum
J nitride, tungsten silicon nitride, tantalum nitride, mo!ybdenum silicon
20 nitride, titanium silicon nitride, and tungsten nitride. Tantalum silicon
nitride has been shown to be a sultable material for NMOS devices, and
platin um.and tungsten nitride for PMOS devices. In the preferred
embodiment where metal gate layer 50 is TaSiN, the silicon or nitrogen
concentration can be adjusted to change the work function of this
] 25 material. For example increasing the concentration of silicon will
decrease the work function of this material to approximately 4.4 eV.
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| ncreasing the concentration of nitrogen is directly proportional to the

wor k function. Thus |ncrea3|ng t he nitrogen concentration can r ?Od%
wor k funcg,{i(ggy&j 2@pprom mately 4.8 eV. Turning to FIG 2, ;?g %6
substrate I'S patterned and 5 netal gate |layer 50 is et 5 gate
| ayer 50 remains over the portion of sem conductor substrate t hat contains
well 30. Metal gate |ayer 50 nay also remain over a significant portion of
trench 20. Etching chem stry simlar to those used for etching polysilicon
can be used for  form ng netal gate, | ayer 50Q. n based C ent tries
such as 1dNerRasing te QﬂﬂGQFﬁT@é’ mitrmra@ g’r@ H8r ogen

ot ccut ar Work oot GBI bictehelly HiE elioéN S8 e”%r‘a’.&éh“dagé FESULR ng,
lre? chi ng. 'a;‘iﬂtoer%tfﬁ.?ei?’rbét B S B o er ned thephot or 651 St
15
phot or esi st r?m%gﬁggﬁ@c?ft/%mc%lﬂnwronnent%?q?@mayer 50 i's
appr oxk mMaif %t‘alg_f (?r'ﬁ)‘iso HcHuLR Mé’tai@{ éP% dé?%@tﬁ@b‘vér th@e etch
or ne ng e |ne

I S per ol nt etectlon. etche can al so be '

per f or TTE o?ﬂoﬁ%ﬂ%éﬁné@n&béior%ut?ﬁ?@l@tl’ﬁttﬁgtﬂ'aﬁ?é isiE360 Mfétépp In the

first odi nent, second gate electrode 60 is a doped silicon ayer

Sili Con {myer 50 matyi aldesretrairsover assignificarst pottlcm)of brereh 261 | Etohingnd i s
~doped either in situ or during a separate doping step..In this particular

enbodi menchemeistityi sicnidastothass useddar etehing idoon carppeaxseddery 25

1000. -- 2000 Angstrons thick. tionally, an antireflective coating (ARC)
can be f oforsding &ieiad gede dayeroh. Ildabg%based chemistries such as )

10 carbon tetrafluoride (CF,), hexafluoroethane (C,Fg), hydrogen bromide
(HBr), sulfur hexafluoride (SFs), hydrogen chioride (HC1), molecular
‘chlorine (Cly), or the like can be used during plasma etching, reactive ion
“etching, electron cyclotron resonance etching or rmicrowave e‘t‘ching.
After metal gate layer 50 has been batterned the photoresist layer is
15  removed using conventional methods, such as exposing the photoresist
to an oxygen-containing environment. Metal gate layer 50 is |
approximately greater than or equal to 50 Angstroms. Typically, the
~eich is performed using endpoint detection. A timed etched can also be
performed. " J
20 _ Turning to FIG. 3, second gate electrode 60 is formed. In the first -
| embodiment, second gate elecirode 60 is a doped silicon layer. Silicon
gate 60 includes deposited amorphous silicon or polysilicon and is
doped either in situ or during a separate doping step. In this particular
embodiment the thickness of second gate electrode 60 is approximately
25 1000 — 2000 Angstroms thick. Optionally, an antireflective ceating
(ARC) can be formed over doped silicon layer 60.

-6-




- WO 02/ 097889 PCT/ US04uz~ 1/ 2 0 O A photoresist |layer is deposited over
doped silicon layer 60. The sanme etched chenistries. and processes f?% to
‘previ ous| YW@ou#788%t al gate | ayer 50 can be used to etch seaws) 'at 005
el ectrode 60 and netal gate layer 50. If gate dielectric 40 is Si 02, a wet
etch of dilute HF can be used. Typically the concentration of water to HF
is 100:1. If gate dielectric 40 is a netal oxide, HF or phosphoric acid is
used. The resulting structure is showmn in FIG 4 with. netal gate |ayer

d d | 13 : ' / : ) d
Gate el ect r gact BEOREHEAEFITRr 1 UBIRRIRATBYBH BRI SiicBA IR BL BT ThE Sk,
In 10 one gahadiieheld sHemiBtiaksand §r8ceatas U 1d prévicRiip eieh Thbtfon

nitride 15 gate portion over a SI?ICOH gate portion. Processing continues

to formt gatedayeosot tenpaiseddodich sevbieg geae elbbitoteag@Arid nidigl 5.

- Source and drain 80 are forned during ion inplantation. In this first
enbodi mengatedayer 58ndlf graderdigieciiit 4is 8i0O20peviet wieh eddiktotdE card drain
81 will be P doped. Spacers 70 are fornmed surrounding the gate el ectrodes
and gat e .Becused: ilypicaily e cgneertrafioncokwater toHfeis 30001 1 1i gate cvos
processing, .known to, one of ordi y skill in the art, is continued from
this poi na!elﬁpf%& St anetal %lcg%gg&i%ﬁhos IG 36idHEUSR@N T cri bed with
20 respec specific daping type kill.ed artisans.appreciate that

dopi ng t&ﬁ)%’@nﬂ@ﬁtﬂécﬁgﬁégﬁwém %é@rf*)wﬁ‘ melel R4 IaYeT 306s39ed 10 can
be N dope P .S, case, t silicaon.electrode
will be ﬁ@@%@@qéﬁ%%ﬁﬁgﬁﬁﬁéﬁi@%@%% Sk Ba8dond Gué

} - electrode 60 is silicon then the stack is a metal/silicon gate stack. In
- 10 one embodiment the metal/silicon gate stack is a tantaium silicon nitride
gate potrtion over é silicon gate portion.

Processing continues to form the rest of the semiconducior device
as illustrated in FIG. 5. Source and drain 80 are formed during ion
implantation. in this first embodiment, source and drain 80 will be N

15 doped, whereas source and drain 81 will be P doped. Spacers 70 are
formed surrounding the gate electrodes and gate dielectric. Typically
the spacers are formed of nitride. CMOS processing, known to one of

| cordinary skill in the art, is continued from this point. |
;) Although the first embodiment invention has been described with

20 - respect to specific doping types, skilled artisans appreciate that doping
types may be reversed. For example, semiconductor substrate 10 can
be N doped and well 30 can be P doped. In this case, the sificon
electrode will be over the P doped well and the metal/silicon stack
electrode will be over the N doped region.

25 In the second embodiment, a stack consisting of a semiconductor

material and a metal will be formed over the P type substrate ora P
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el ectrode will be over the N doped region. 25 In the second enbodinent, a
stack consisting of a sem conductor material and a'getal will é T%%OS ‘
over the Ryb\Pfossostrate or a P 11/11/2005 WO 02/097889 Fgﬂ# 1%3 oo '

wel |, and a sem conductor gate will be forned over an N we 'S Can
performed by meking sem conductor substrate 10 N doped and well 30 P
doped. O if the sem conductor substrate 10 is P type, the netal/silicon
stack will be formed over sem conductor substrate 10 and 5 the gate

el ectrode algne will be forped over we|l 30Q. In this enbodi nent_ the
seni conduc¥el, anglca .S&ialqogwduca@bg@t@iwﬂlm?@ peever apiN véekLhLTema can

ot o RS BB S B S ST I S b Sl e
o el elgrir ekt ot 58 sBRuRRAREEH subyRle i ISR Gl BT SLor S
processes iagldkon'SaLkAR AL 1GAKG SRSbTEGAALR S DR e ey
oL er! 815 W i ARG cHna YA S ofoB AR o 30" Ind EAb ALk

mat eri al whédicdrdudidriaieefodetiskP doped isfifton gertiarigpste il bieH Bad

foregoi ng specification, the invention has been déscribed wth reference
to speci f forration protessihigwhet hasipeenfdiscussedvingiegdrdsito theefipstt
apprecidtes that various nodifications and changes can be 20 made w t hout
depart i ngembodirhent carebefusdainpiirs secondembodinasntet forth in the
claim below ﬁ-cigoéc(ij\i/gngtlaﬁec;uhsetos %es%iéingg%&{loéieg?r%gé for either an N channel )
10 or P channel transistors and a silicon electrode for the other. This
allows the reuse of silicon processes and tools that are already
established in the semiconductor field. In addition, it eliminates the
_ hecessity to find two different materials with good chemical and thermo-
stability with desirable work functions for N channel and P channel
15 transistors. Furthermore, one material with the two different work
functions is not needed. .

In the foregoing specification, the invention has been described
with reference to specific embodiments. HoWever, one of ordinary skill
in the art appreciates that various modifications and changes can be =

20 made without departing from the scope of the preSent invention as set
forth in the claims below. Accordingly, the specification and figures are
o be regarded in an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the scope of
‘present invention.
25  Benefits, other advantages, and solutions to probléms have been

described above with regard to specific embodiments. However, the
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to be regarded in an illustrative rather than a restrictive sense, and al
such nodifications are infended to be included w thinthe scope.,af r %ﬂg
"inventi onWO®R/Ba¥Efits, ot her advantages, and sol utions td’cpmﬂotlfﬁi{m%flééz)
been described above with regard to specific enbodi nents. However, the $
WO 021097889 Pc~r/US2tM 1 112 0 O 5 benefits, advantages, solutions to
probl ens, and any elenent(s) that may cause any benefit, advantage, or
solution to occur or becone nore pronounced are not to be construed as a

critical, Ue@@fggegdvghtﬁﬁg%dgg#gn%%w%@hse'W?gﬁél@?ﬂénﬂé) it the

clains. As used hérern, rrses, rrsing,"™ or any other

vari ati onmhdgcenise ang-bareftdadviantageyer saliiin ¢ Pcdsir 6t hachMY Ribresuch

that a process, nmethod, article, or “apparatus that conprises a |ist of

el ement s poesountedrataidet tmbe ddwskucdasrardritidnl} requiredcbréesential
" elements not expressly listed or inherent to such process, nethod,

article, tratdppaoraelementof anynuvaliiie chaioss.\Wa useddiericimgthestermset hod of

form ng a,sem conductor device, conprising: providing a sem conductor

subst Pat e GRIVPASES, T ICQNISHG" oTayny pthatvaristiobrtateptraraiftendeditovi di ng

a dielectric over the first doped regio tﬁnd a second doped region; N
r

provi di ngC@VReadIoON-8XaIuGYerinchisianeFren thal amesss, thethedarticle, or
apparatus that comprises a list of elemenis' does not include only those
el_emehts but may include other elements. not expressiy listed or inherent
~, to such process, method, article, or apparatus.
10




| ayer conprises tantalum silicon and nitrogen; patterning the netal |ayer
to leave a netal portion over at |east a portion of the Blrﬁt dopedd
region; formng a silicon |ayer over the netal, portio nd the secon

doged r egi on; gnd patterning the silicon |aye?1§ﬁﬁﬁ¥%§” tal portion to
leave a silicon gate over the second doped region and a netal/silicon
gate stack over the first doped region. 2. The method of claim1, wherein
the silicon layer is in situ doped with one or nore of arsenic and _
phosphorus. 3. The method of claim1, wherein the silicon layer is in situ
doped with gernmanium The method of claim3, wherein the silicon layer is
boron doped. 5. The nethod of claim1l, wherein the sem conductor substrate

has a valVéatis dlainedaisd a conduction band with a m d-gap that is half way
therebetween, and the nmetal layer has a work function that is between the
val ence band and the m d- gap. 10 11 Novenber 2005 6. The method of claim

1, wherein t ' : . e band and a conducti on
band with a ﬁﬁ%&?ﬁﬂﬁﬁaﬁgﬁﬁéﬁﬁﬁereéﬁfggﬁg%ﬁ tggngﬁt(::?! OLa%Sthas
work — functi %gg\tngi‘ﬁg bfﬁ@ﬁkﬁ?.ﬁﬂ%t%ﬁe%ﬁihgféc?\avﬁ‘tg afrst doped

10 ;

i |l e . .
and is at ana a second doped regi

providing a dielectric over the first doped region and. a
second doped region;

providing a metal layer over the dielectric, wherein the metal
layer comprises tantalum, silicon and nitrogen;

patterning the metal layer to leave a metal portion over at
least a portion of the first doped region;

forming a silicon layer over the metal portion and the second
doped region; and

patterning the silicon layer and the metal portion to leave a
silicon gate over the second doped region and a
metal/silicon gate stack over the first doped region.

2. The method of claim 1, wherein the silicon layer is in situ
doped with one or more of arsenic and phosphorus.

3. The method of claim 1, wherein the silicon layer is in situ
doped with germanium.

4. The method of claim 3, wherein the silicon layer is boron
doped.

5. The method of claim 1, wherein the semiconductor substrate
has a valence band and a conduction band with a mid-gap
that is half way therebetween, and the metal layer has a
work function that is between the valence band and the mid-

gap.

10




7. The method of claim1, wherein the sem conductor substrate has a

- val ence band and a conduction band with a md-gap that is:-half way

t her ebetween, and the netal |ayer has a work function that is between the
conduction band and the nid-gap. 8. A seni coh8atEdy 2vice, conprising: a
sem conductor substrate conprising a first doped region and a second doped
region; a first gate dielectric over the first doped region; a

nmetal /silicon gate stack over the first gate dielectric, wherein the

metal /silicon gate stack conprises a netal portion over the first gate
dielectric and a polysilicon portion over the netal portion; a second gate
dielectric over the second doped region and a silicon gate over the second

gate digl ectijg. & é\df%i g@ &ﬁﬁ%ﬁg&gfgéﬁg gw ce, conprising:
Second Sgpidﬁﬁ% H%é @apﬁ ggw%@%p iy 8% er??LSP doped
region and a ilicon nitride

| ayer over t & r|'§ n ‘13%% apd 2@6 a?t erning the
tantal um si IPWPWPUMC"(H@ aru%/@ratﬂeﬁatéh%@Va‘romath@mldTaaﬁ I icon nitride portion

over at |least a portion of the

7. The method of claim 1, wherein the semiconductor substrate
has a valence band and a conduction band with a mid-gap
that is half way therebetween, and the metal layer has a
work function that is between the conduction band and the
mid-gap.

8. A semiconductor device, comprising:

a semiconductor substrate comprising a first doped region
and a second doped region;

a first gate dielectric over the first doped region;

a metal/silicon gate stack over the first gate dielectric,
wherein the metal/silicon gate stack comprises a metal
portion over the first gate dielectric and a polysilicon portion
over the metal portion;

‘a second gate dielectric over the second doped region; and

a silicon gate over the second gate dielectric.

9. . A method of making a semiconductor device, comprising:

providing a semiconductor substrate having a first doped
region and a second doped region;

providing a dielectric layer over the first doped region and a
second doped region;

providing a tantaium silicon nitride layer over the dielectric
layer;
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first doped region; formng an in situ doped silican |ayer over the
tantalum silicon nitride portion and the second doped region; and
patterning the in situ doped silicon |layer and the tantalum silicon
nitride portion to | eave a silicon gate over !t Neveabdtfid doped region and a
gate stack over the first doped region wherein the gate stack conprises a
tantalumsilicon nitride gate portion over a silicon gate portion. 10. A
met hod for formng a transistor conprising: formng an insulating | ayer;
formng a portion of the transistor control electrode overlying the

insul ating |layer by atom c |ayer deposition, wherein the transistor

control electrode conprises a first elenent and a second el enent and

conpri sing: &'FIFF g tg é{hﬁ‘?tsi G i ed i{oi tﬁe second el enment
e e R T on ol SR

et
el enent whi | SHERBET f¢9197 he second el ement: and choosing one of the first
el enent and the second elenent to change the concentrati on based upon a

conduct i vi t yfosming aghinsdy depedesiliqamndayser cpverithe tantalum
silicon nitride portion and the second doped region; and

patterning the in situ doped silicon layer and the tantalum
silicon nitride portion to leave a silicon gate over the second
doped region and a gate stack over the first doped region
wherein the gate stack comprises a tantalum silicon nitride
gate portion over a silicon gate portion.

10. A method for forming a transistor comprising:

forming an insulating layer;
forming a portion of the transistor control electrode overlying
the insulating layer by atomic layer deposition, wherein the
transistor control electrode comprises a first element and a
second element and comprising:
depositing the first element;
depositing the second element after the first element; and
one of changing the concentration of the first element while

~ depositing the first element and changing the second
element while depositing the second element; and
choosing one of the first element and the second element to

change the concentration based upon a conductivity of a
channel of the transistor.
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