H GH K METAL GATE DEVI CE BACKGROUND [ 9001] Semi conduct or devi ces are
continuously inproved to enhance device performance. For exanple, a

transi stor device includes a gate stack on a sem conductor substrate. The
gate stack includes a gate el ectrode over a gate dielectric layer. Smaller
devi ces and. shrinking gro enhance perfornmance
and. to reduce cost. As deﬁ?@g%&@ﬁéﬁ%&@ﬁ@% t he ![Oechnol ogy
beconmes nore conpl ex, and changes in. device structur es and new fabrication
met hods are needed to maintain t RAEKSRQ@ENDper f or mance enhancenent from
one generation of devices to the next. [0002]In standard CMOS devi ces,

pol ycrip80Hl | i tensédnidudnr deatep-asi Jontisutysty pandaktd egharee davies perforomack. The

t echnol ogy of fabricating CMOS devices using poly-Si gates has been in a
const apdr exh@bke, Btrafaset @pi®ihcludsich got adi ogatasicaliducrirdebstraus ekheigatd he

sem conductor industry. However, there are problens associated with using a
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hi gh el ectrica eet resi stanc poly-SIi gates conmmonly used

devices.arc am factor_in_ chi of
subm oo aé%ﬁ“&ﬁ‘ﬁﬁ R g e L
dopants in_the poly-St gate, as _boron, can asi d use_.t hrough the
gate dihefeskpplogy gaq%mqsgnqrsrcs)m Xd@fgf daaessdn deyice FFé‘“&é'W %I f% H?g'e
100031There is a great difficulty in maintaining perfornmance inpr overrent S
in devmc@sdwresubdgﬁddo omigfeindhacimated perfermednse enhansemeedTd pn¢ agnesiiongt
performance w thout scaling down have becone of interest. There is a

pr om sdéviceavetheamekowar d hi gher gate dielectric capacitance w thout having
to make the gate dielectric actually thinner. This approach involves the

use of (ggo g - K 18{aRld8 I CMOTRRVIEE B GIcH sl GRS E QM (pOlfy-Si Fshhéfﬁhﬁidr@ Siel S
signifi caﬂ]tl y hi gher than th;t ofp%g}fcl):scon di OXI pQI?Sl91 . % K

mat er i I r
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refer Scotncs)tailth state of development, and poly-Si gates are widely used in the semiconductor industry.

However, there are problems associated with using a poly-Si gate. For example, due to the poly
depletion effect and relatively high electrical sheet resistance, poly-Si gates commonly used in
CMOS devices are becoming a stymieing factor in chip performance for devices of submicron
generations. Another problem with poly-Si gates is that the dopants in the poly-Si gate, such as
boron, can easily diffuse through the gate dielectric causing further degradation of the device
performance.

[0003] There is a great difficulty in maintaining performance improvements in devices of
submicron generations. Therefore, methods for improving performance without scaling down
have become of interest. There is a promising avenue toward higher gate dielectric capacitance
without having to make the gate dielectric actually thinner. This approach involves the use of
high-K materials. The dielectric constant of such materials is significantly higher than that of
silicon dioxide (Si0,). A high-K material may be significantly thicker than SiO,, and still have a

lower equivalent oxide thickness (EOT) value. The EOT, as known in the art, refers to the



t hi ckness of such a Si02 | ayer which has the same capacitance per unit area
as the dielectric layer in question. However, there are problens associ ated
wi th usinc, such high-K nmaterial. For exanple, any oxygen that diffuses to
hi gh-k material causes unwanted dielectric growmh. This is undesirable, as
t he r ethidkniessopfishelck Bgddayeamitachi lmmsshe same epaditancaperhmitowenr asithe dielsnticrlgyeand
uniformty of the devices being significantly inpaired. Mreover, the
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enbodi nrent, a nethod of fanning a sem conductor device is described. The
met hodthickekssdiegradendtatti sugreatssuB sisedinits gaielepgthisedlingur t her i ncl udes f or ni ng
a gate stack having a gate el ectrode on die substrate, which includes
formng a netal gate el ectrode | ay8S8UMMARYIg a top gate el ectrode | ayer
having a poly-silicon alloy over the netal gate el ectrode |layer. [0006]in

yet angigog eaRiHBRINS fortnife Ais&ARGNGIRr ddeitk ¢dikdogtds Thestthodiheudes
sem conductor device includes a substrate and a gate stack having a gate

el ectr g%glcgl%ﬁ Obsthte! Rfe SRR BHer i ﬁd&%ﬁnﬁg%%fe%@fcggfﬁ(?fn#%%t@ew@fﬁh gate

el ectr a top gate el ectrode aV|ngap over the

tal 007] Th h
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appar ent through ref erence to the follow ng description and the
acconpafgirafys leeann fsof themetd eatsclscirpde jayeranddarming 8'ar 888 clerEeda qyer

features of the various enbodi ments described herein are not nutually
excl ushasangadolyssliconiaglpy pwerthe instad gete etsicirad¢ BKer- and per nut at i ons.

[0005] In another embodiment, a method of forming a semiconductor device is described.
The method includes providing a substrate. The method further includes forming a gate stack
having a gate electrode on the substrate, which includes forming a metal gate electrode layer and
forming a top gate electrode layer having a poly-silicon alloy over the metal gate electrode layer.
[0006] In yet another embodiment, a semiconductor device is disclosed. The semiconductor
device includes a substrate and a gate stack having a gate electrode on top of the substrate. The
gate electrode includes a metal gate electrode and a top gate electrode having a poly-silicon alloy
over the metal gate electrode.

[0007] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations

and permutations.
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DRAW NGS 1000811 n the draw ngs, |like reference characters generally refer
to the sane parts throughout the different views. Al so, the drawi ngs are
not necessarily to scale, enphasis instead generally being placed upon
illustrating the principles of the invention. Enbodiments will now be

described by way of exanple with rﬁkﬁhgﬁﬁﬁéto t he draw ngs of which:
[0O009]Figs. 1. -b are cross-sectio of different enbodinents of a

devi ce; 100101Fi gs, 2a-e show_ a process of form ng an enbodi nent of a
devi cef00P¥lo1 1 rilgdrawiney liksaaferense shaadterseenarliy rierdn sinameans dirpeghoubf a
device; [00121Fig. 4 shows experinmental results neasuring resistance of a
Si Ge fthedifiirent viespetlsottbe drimangs avé n@aecessarily00 1@ddieqphbsis otead gxpeallyrent al
results nmeasuring resistance of a SiGe filmw th respect to annealing
t enperigding placed upon illustrating the principles of the invention. Embodiments will now be

described, by way of example with reference to the drawings of which:

[0009] Figs. 1a-b are cross-sectional views of different embodiments of a device;

[0010] Figs. 2a-e show a process of forming an embodiment of a device;

[0011] Figs. 3a-d show a process of forming another embodiment of a device;

[0012] Fig. 4 shows experimental results measuring resistance of a SiGe film with respect to

amount of Ge; and

[0013] Fig. 5 shows experimental results measuring resistance of a SiGe film with respect to

annealing temperature.

DETAILED DESCRIPTION

[0014] Embodiments generally relate to semiconductor devices. Some embodiments relate

to devices having uniform gate oxide thickness. Such devices, for example, can be incorporated

into standalone devices or ICs, such as microcontrollers or system on chips (SoCs). The devices

or ICs can be incorporated into or used with, for example, electronic products, computers, cell

phones, and personal digital assistants (PDAs). The devices may also be incorporated into other

types of products.

[0015] Figs. 1a-b show cross-sectional views of various embodiments of a portion of a

device 100. Referring to Fig. 1a, a substrate 105 is shown. The substrate, for example, is a

semiconductor substrate, such as a silicon substrate. In one embodiment, the substrate comprises

a p-type doped substrate. For example, the p-type doped substrate is a lightly doped p-type

substrate. Other types of semiconductor substrates, including group III-IV substrate or those

which are undoped or doped with the same or different types of dopants, such as silicon on



DETAI LED DESCRI PTI ON [ 00141Enbodi nents generally relate to sem conduct or
devi ces, Sone enbodi nents relate to devices having uniform gate oxide

t hi ckness. Such devices, for e anple, can he incorporated into standal one
devices or 1Cs, such as mcrocontrollers or systemon chips (W). The
devi cemsalator {SODasiliten germanipor, at galliumf mapalsube dsedni Rrbyidingrothes dynes of

el ectronic products, conputers, cell phones, and personal digital

assi st giHsgate so behgeflgvi ces may al so be incorporated into other types of
products [ 001 ]FI gs. la-h show cross-sectional views of various

enmbodi [ EmOfTF% sHBit a'té)irﬁcﬂlfde Eié‘%&ecl%ﬁ%}lq 10RhEHEYiBGr R)ano? exhfipledisSubstrat e

105h|s sh e substrate, for exa i s a sem conduct or substrate
such as a. (L con. substrate. nbodi nent e u@str 0 ises a
p-t ypeﬂB’f?é’&ag & ﬁ’?fégo%g’rg“& 5% @w 1?@3“61 1840 58%36% s 8 Sk a% gl | sﬁgﬁll i ghtly
doped p-type substrate. O her t&nes of sem copductor, s bst r at i ncl udi ng
group Pthet deyicersgions en te suhgede (Rt @H’“ﬁ\)emﬁﬂ;@ 9N 5721 Qfb P& tst?e sane or
different types of dopants, such as silicon. on insulat or ( 501), silicon
ger manshalipwarenghlisolation (FE region Dehentmds oPisolatio ragios ey alspwseranlpyad at e
may al so be useful. 10061The substrate includes a device region 110. The
devi ceThe8TDiegiong forexamplegextéids to a depth of about 300 nm. Providing STI regions which

extend to other depths may also be useful.

[0017] The device region, for example, is an active device region of a transistor. A doped

well (not shown) may be provided in the device region for the transistor. The doped well, for

example, may extend below the STI region. For example, the doped well extends to about 400 -

500 nm deep. The doped well may have a second polarity type dopant for a first polarity type

transistor. For example, a p-type doped well is for a n-type transistor. The dopant concentration

of the doped well, for example, may be about the range of 1E12-E13 cm>. Other parameters for

the doped well may also be useful. P-type dopants may include boron (B), aluminum (Al),

indium (In) or a combination thereof, while n-type dopants may include phosphorus (P), arsenic

(As), antimony (Sb) or a combination thereof.

[0018] The substrate may include other device regions. The device regions may be for other

types of devices, including both p-type and n-type devices. For example, the IC may include

logic regions in which logic devices are formed. Depending on the type of IC formed, the logic

regions, for example, may include regions for different voltage devices. For example, the logic

regions may include regions for high voltage (HV) devices, medium or intermediate voltage (IV)

devices and low voltage (LV) devices. Other configurations of logic regions may also be useful.

Additionally, other types of device regions may also be provided, for example, array regions for

memory cells.



surrounded by an isolation region 180. The isolation region separates the
devi ce region fromother device regions on the substrate (not shoThe

i solation region, for exanple, is a shallow trench isolation (ST1l) region.
O her types of isolation regions may al so be enployed. The STI region, for
exanpl e, extends to th of about 300 rim Providing ST' regions which
ext end[qoas]ot het 848 ﬁ&aﬁ% ?ﬁ%}ﬂ yirapsigher i dispoted 1n Grpdpriesac e Cae gag P8R for
exanple, is an active device region of a transistor. A doped well (not
shown) inglidehe spie slecdedr 1G9 avse a geteidieleqtagil 0 Asshaws the gats flistesiric iThe doped
wel |, for exanple, may extend bel ow the STE regi on. For exanple, the doped
wel | exdrepdie gatcalbdedtiridDiving bldQidleidictterir. lajldie Soped ywkelgatesyednadeisea second
polarity type dopant for a first polarity type transistor. For exanple, ct

p-typec de Weteleldcirod OhavdngimuMfe bdt@ BRSS! layekherdaRamboagRGRhEat i on of
the doped wel |, for exanple, may beé about the range of 1E12-E13 cnr

par anme [ I - pants may
includ% (Fgggﬁép%?g%ﬁ§%%r§#h¢%§¥é%%%ﬁﬁ§8g$ﬁ§&%g%§ﬁﬁg%¥%%g%%ereof, whi | e
n-type t si_.ncl ude osphorus (JI1, ar.senic (As)., tji mon Sb) .or a

Cordp niBBBR ¢ HEPEEFEpBETRES Goupe et SRR SRR Hag LS S ligns. The
device regions may be for other types of devices, including both p-type and
n- t ypediglogiricdayerybi2, draami £56.t Previdogagomprsitggatel bgledrie bgyipangthennynbetof

| ogi ¢ devices are fornmed. Depending on the type of TC formed, the logic

r egi onkyers anayetsond wefulas Maowde, the §iso teyef Brdighosddesretht svistthiggthedexinddsyer For
exanpl e, the logic regions may include regions for high voltage (HV)

devi ces oveflihdfrQlayen bRl fRdhiad Riy¥olk bageht §30ond eMiee At RAG one W iRl dids@rit | N)
devices. O her configurations of |ogic regions nay al so be useful.

AdditiQQQghyah@¢h@Hk%%gﬁ§m9&.device regions may al so be provided, for
exanpl e; array regions tor nenory cells.

[0021] The first dielectric layer is an interfacial oxide. The interfacial oxide, for example,
may be SiO, or SiON. The thickness of the interfacial oxide layer may be about 8 - 15 A. The
interfacial oxide layer may also have other thicknesses. As for the second dielectric layer, it is a
high-K dielectric layer. The high-K dielectric layer, for example, may be Hf-based high-K such
as HfO,, HfON, Hf-Si-O, or Hf-SiON, Al-based high-K or Zr-based high-K. The second
dielectric layer, for example, may include more than one high-K dielectric layer. Other
combinations of high-K dielectric layers may also be used to increase the dielectric constant
value at the thickness range of 10 - 50 A. Providing other types of high-K dielectric materials
may also be useful. The thickness of the high-K dielectric layer may be about 10 - 50 A. The
high-K dielectric layer may also have other thicknesses. The third dielectric layer serves as a
capping layer of the composite gate dielectric. The capping layer, for example, can be another
high-K layer (i.e. Al,-Os, La,O3 or etc.), SiO, or SiON. Other types of capping material may
also be used. The purpose of the capping layer is mainly determined by the desired poly

electrode work function. For instance, Al-based and La-based has been used in PFET and



includes a gate electrode 160 over a gate dielectric 150. As shown, the
gate dielectric is a conposite gate dielectric having nultiple dielectric
layers. Simlarly, the gate electrode is a conposite gate el ectrode having
mul tiple gate el ectrode | ayers. In one enbodi nent, the conposite gate

di el ecNFET, RBskcOosipobr tirigeicilenbrkofiactiar. Mte thicghesKofrteahpriag Byef ®082011 n
one enbodi nent, conposite gate dielectric conprises first, second and third

di el ecpd iput avep R 1hige caﬂsﬁﬂungsr 186- 2193 1AvE ditegtckeesReSi te gate dielectric
havi ng other nunber of layers may also he useful. As shown, the first |ayer

Is di Sﬁﬁgﬁd O':Thtebzg Hgﬁat %aﬁé aect}&f% %%gréglbog?ﬁ? nt, 1ﬁclﬁ&%ra ﬁl%l@l %a!té ﬂfsctl'(@éer and

the th ayer ver e second layer. €ast one o ielectric

| ayers is thleIectrchaer 0021 first tr| |san
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The thickness of the interfacial oxide |ayer may he. abo(lijt 8 - 15 A The

i nt er f epdsitoghigaialegiie. herexampls, Hiveetdl eleqiradendiseased ag thegapping 1%‘/§&ond
dielectric layer, it is a high-K dielectric layer. The high-K dielectric

| ayer, offthe cmpomﬂegaterrhyledacj—lﬂhbafemﬂ ghtiegtecitode dhons erEbddimenty, jsfdimosdd f - Sj - 02
or lif-Si ON, Al-based high-K or Zr-based The second dielectric |ayer, for

exanpl giredi§onitHis bEghe c@i fg ldyan [@AnRe RBbditdit, eherletal gatt dayer coniirives TiN,
conbi nati ons of high-K dielectric |ayers may al so be used to increase the
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ot her types o EI gh-K dielectric materla s may al so be use

hi ck f, th d I -
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| ayer serves as cappi ng | ayer of _the conp03| te gate dielectric. The

cappi nbﬁYFfa‘gfé’rtherfﬂE}Fk@)?%ﬁW"é’a%oal?F'ﬁé not her high-K | ayer (i.e. Al 2-03, La203
or etc.), 510-, or SION. Other types of capping material may al so be used.
The pufi983k ofThetiep gatpglentgodalpper is dispesen yerdhe kil galg clnptrode [8@%Fr ed pol y
el ectrode work function. For instance. Al-based and La-based has been used
i N PFEImBOtimeMETHE, top gsteeticirudd hayerfiodispbreid dincetbpec tapwe theomktal gate tliecinodeThe

t hi ckness of the capping anay be about 5 - 20 A The capping | ayer may al so

have otrhefopt g&k&é‘lé@ﬁﬂ@ S$ayed, GR 33@-&9@0&@1@1@@ HcliRled ah6n Shflgardsctriote.OMie top
enbodi ment, 1ncludes a netal gate el ectrode
gate electrode layer has a polycrystalline (poly) structure. The top gate electrode layer, in one
embodiment, comprises a poly-silicon alloy. The poly-silicon alloy reduces resistance at the
metal gate and top gate electrodes. For example, the poly-silicon alloy reduces resistance at the
interface of the metal gate and top gate electrodes. The thickness of the top gate electrode layer,
for example, is about 100 - 800 A. Providing a top gate electrode layer of other thicknesses may
also be useful.
[0024] In one embodiment, the top gate electrode comprises poly-silicon germanium (SiGe).
The SiGe top gate electrode reduces resistance between the metal gate and top gate electrodes.
For example, the SiGe top gate electrode reduces resistance at the interface of the top gate and
the metal gate electrodes. The lower interfacial resistance provides better gate control and

therefore better Ion-Ioff and short-channel effect can be achieved. The use of a poly-silicon

alloy also reduces the thermal budget required in forming the device as compared to polysilicon.



165 below a top gate el ectrode | ayer 170. The netal gate electrode is

di sposed over die conposite gate dielectric. For exanple, the netal gate
el ectrode is disposed on the capping |layer of the conposite gate
dielectric, The netal gate el ectrode, in one enbodi nment, is disposed

di rect t of the. capping |layer, in one enbodi nent, .t he netal te

| ayer h%»a%fi o8 th G45C VRRS t m%@at%ﬁﬂvtfﬂdﬂ,comaes%p#g@@@ﬂw g Rung sk o)
gate materials may al so be useffil. The thickness of the netal gate |ayer,
for exdwppastages bgboien theop-gagomdmetprgsls elpsitpdss idtigh. Hais maydpeue&d ot her

t hi cknesses may al so be useful. [0023] The top gate el ectrode | ayer is

di spospatravien of heygeatcalised atyeheineotpocdien olf nx paea-relabmidiroesstes. tHevevep wgat e

el ectrode | ayer is disposed directly on top of the nmetal gate el ectrode,

The t opav@ati€o@b@e tHadR Usa8¥eh polykii LIBHOMICAROEIGE, edwsetsidtal@bdi®eal theat e
el ectrode, The top gate electrode 1. ver has a polycrystalline (poly)

struct T rode layer, in one enbodi nent, conprises a
RS IRhan 8R0S 8

poi y- si y-silicon alloy reduces resistance at the netal

gate a p te el ectrodes. ,.For e le, . the,poly-silicon alloy, reduces
Post st W02k B, SiGenoie! LEREE qinbedt IR bl nBRisn Jis b aRiedns eed Eoleie

t hi ckness of the top gate electrode |ayer, For exanple, is about 100 - 800
A Pro¥reirodss san bpiugherrcdpess: hoppingije forogate elgetrodervitk densstss Inaye al so be
useful. [0024]In one enbodi nent, the top gate el ectrode conprises

pol y- séthbedimege threetnp gate €Bic@ed¢ isTHopedivGh priype depantsedueb s BdpamsluOder types
resi stance between the netal crate and top gate el ectrodes. For exanpl e,

the Sié&eddpanptsgadyeale) Bcilised€o ABHHIE BecréRs kgl rasicendd between tht epf aden@il dakee t op
gate and the netal gate electrodes. 'f he lower interfacial resistance

provi dggctisdet e 5t 38 beenCaRhEUis@QEret Mgk efodotit el dte inARe kRkd éll(ﬁ'rlginversely

t

short-channel effect can be achieved. The use of a poly-silicon alloy also
reduces the t | budget, required in. formng,the devi onpar to
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icon, jt has been found that the resistance between the top gate and netal
gate ePigBeriag qogtem,grﬁlmrﬁr @emst%edfr@eﬁt? R agﬁhsglgfa FxeRaked by
t he incorporation of oxygen-related. éJr ocesses. However, we have discovered
t hat tisabastel of0 mopoiraction! Pecferablyl By, Cesemitena of hieGaGe aleaydeabauesd stoameele
between the top gate and netal gate el ectrodes. [0026] Furthernore, we have
di scovéa@ibnt Pabvidingitisdsr Zrowntmtsvacie Sitk dlloy ngat @sabclusviilaNogat & bound by

theory, it is believed that the content of the alloying element of poly-silicon increases the dopant
activation as a result of increased solid solubility.

[0027] The device may include additional elements which are not shown. For example, the
device may include heavily doped source/drain regions adjacent to the gate. The source/drain
regions are doped with first polarity type dopants for a first type transistor. Dielectric gate
sidewall spacers may be provided on the sidewalls of the gate. The gate sidewall spacers may be
used to facilitate forming or defining lightly doped source/drain extension regions of the first
polarity type. Metal silicide contacts may be disposed on the source/drain regions and top of the
gate stack. Additionally, one or more interlevel dielectric layers in which interconnects are

formed may also be provided.



el ectrodes can be further reduced by doping the top gate electrode with
dopants. In one enbodinent, the top gate electrode is doped wth p-type
dopants such as B &pants. Ot her types of dopants nmay al so be useful to
further decrease the resistance between the top and netal gate el ectrodes.
|t has[oioesn f Wig.Heérshdivs aev@saectional vithef ansthardnsbodimée off a pbhenSif @elemick.oy i s
inversely related with the resistance between the top gate and netal gate

el ect rpglegevifetho®hasBhtlar I Bahdgbeedtin @‘i?ﬁ aC 0Bh@Rdn eléhents QN hottHee
resi stance, The Ge content of the SiGe alloy, for exanple, is about 1 - 60
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al so be useful . t to he bqund by th Y it A4S belieye hat. t he content
of t hela¥f §7iahgve eraete! e %S‘fq?’-d&)f?}ieﬁ i?o’lg i hies %‘Et%@aﬁe lecé[gg%taygrclfr'p\?%‘ﬁson as a
result of increased solid solubility. [0027] The device may incl ude

addi t i eHhepion befeasn sheRp cateplectragde laypioind. thepictad galgslestrodglayere i €8¢ may

i ncl ude heavily doped source/drain regions adjacent to the gate. The

sour ceémdbadiment ffiednstea electiojeddyariis im dmophowoiikiedntlgyeary gbe GuPenralectiode layef i r st
type transistor. Dielectric gate sidewall spacers nmay be provided on the

si dewainh§ betryishélial afterl iitealah Subsc@nt blocsane rEhethickings ubthd buffef lagerd, farat e
formng or defining lightly doped source/drain extension regions of the
First polani byatotRo - V6o Al mblilifleden AR IARE HitHBID EribiRARS Bhy Alkotee
source/drain regions and top of the gate’stack. Additionally, one or nore
inter-| e\ﬁﬁl dielectric layers in which interconnects are fornmed nay al so be
provi de&™ 100281Fi g. | b shows a cross-sectional view of another enbodi nent

fa portion of a device. The device shown.is sin.lar to that ri.bed in
A L R e e I B T S L S g
conposite gate el ectrode 160 includes a buffer gate el ectrode |ayer 162
above #HevipeenlC. Referrisigde Fisrde 4 wpeiratg 685 ismrevided- f Eire yhetaate Facsmpyiseday er

i nproves adhesi on between the top gate el ectrode | ayer and the netal gate
el ect r sitleor supetrate] suchhaea Epitbddoped tp-tyhesubsfriter Oshar¢ypes o€ substraties, imgludingr phous
silicon layer. The buffer electrode |ayer may be crystallized after anneal

i N subggEMEMmRhRGESSI - JRsklBios kS©@Bsarehisb ieefauf fer 1a exanple, is about
20 - 100 A Providing a buffer layer wth other thicknesses nay al so be

usef ul 291F] . o) g o | j i of a
e e e e e T W e
105 i s, provided.. The subsirate can co i a silicon supstrate. .such.as a
i ghtl 9§Vd%“pf€§‘°;5‘-1f iy S PP Wpver URESRIPOY %E@egﬁsgﬁ%es%fngﬁf%e ivﬁ%?‘bsoWﬁegs bt
silicon germaniumor silicon-on-insulator (SOD, are also usefuyl. 100301As
shown regiqmsgnotshown). Jinyiegamplegthg subsiigte mayywciude athspdevies tegioas foriother AR ougn
one device region is shown, it is however understood that the substrate may
i ncl udef devidesudhe P emydficlnégjiogivgeginnt inshine JogiFdaviess argpfoamed. Haepgndisigroat e
may include other device regions -for other types of devices. The I C may

i ncl udeheltogs 6f ICeIAES thalophiregiohy Gorcexdaple; amy dndudexegiods fddepifnditngltage t he
type if IC formed, the logic regions, for exanple, may include regions for
di T f er gaicasOlFoRBRarIAV tRERgi F1REi0BY AR hifludd 18 ibRBTR hi Rage (Y) idiededde
regions for high voltage (HV) devices, nediumor internediate voltage (I1V)

devi ces_and | o L. j i af f logic
regi onrsnen%lfln 8 1‘£{6e 8&%%31‘0 &t%ge (X%j’&?ﬁ{%%g’?ﬂ& g’? {%%%%ctp;)}agg{' 12%& evflge regi ons may
al so bgorpf{g%\{zlit%%g of logic regions may also be useful. Additionally, other types of device regions

may also be provided.
[0031] The device region is separated from other regions by an isolation region 180. The
isolation region surrounds the device region. The isolation region comprises, for example, an

STI region. Various processes can be employed to form the STI region. For example, the



100311The device region is separated fromother regions by an isolation
region I SO The isolation region surrounds the device region. The isolation
region conprises, for exanple, an 511 region. Various processes can be
enpl oyed to formthe STl region. For exanple, the substrate can be etched

using etch and ask techniques to formtrenches which are then filled with
el actisatin bt sicbing Geh axd e eBTiaRes Vol %%chﬁsewhlaﬂ P@atxierbﬁﬁ?ds hi ng
(CwP) can he perforned to renpve excess oxide and provi de a planar top

sur f acwith didhestripmatesiseyclors siagardxade Chamigdl seechenigd aglisling (rMP) pan BT

O her types of isolation regions may al so be enpl oyed. The depth of the STI
may beperfoomed xanmhee eabos bxide @nd providdveplsddr topmyurfdcs.o Chtlser @radekses odept hs,

[ 0032] A device well (not shown) may be forned in the device region. The

devi cemwRlihls dan aRD e @BROWI (BBA the SOMUth&aFpSRAMotatiA refiohd Ry alsdeped wel | .
The depth of the doped well, fir exanple, may be about 400 --- 500 nin

Provi dj | b d
el 1 g oPRCUR Sy BT el CERMS, B R, TR STh By sl e s

and power 4ng§vt he substrate. The &pant type, dose and power nmay depend on
t he t ypa“otPiEvi ce to be formed. The doped wel | may conprise second

pol ari toé t ype dopants for a first polari t&_tépe devi ce. For exanple, a

p-t ypel é%;éd vie Heviggyelh ot ghoven)ingy preformash i1 Ge devicoregitie bratlavicgarl, im
n-type doped well nmay be for a p-type transistor. [0033] To formthe doped
wel |, enewmhbodimphtacimpresk dogrnttwhich deresa tiyeeddesl]. cEhe dapittoof the domseldy ellT Hier

i npl ant mask, for exanple, conprises photoresist patterned by a |ithowaphic

mask. &Slafte, e BiLaboae40(505@0 @ Pre&@ig aGRPe® FEN @aditg dther APptASnagas bet hi s
allows for increased processing wi ndow for the patterning process to form

the i npl.anpt T‘ﬁ@?gg%d-r\_wgll hﬁ?lb@% SJS/ iﬁﬁﬂ%rgﬁggiggﬁgﬁgte%fobﬁ{tf fwtﬂtﬁ nég@gtﬁirwgéései S

formed. Q her niques for form'ng 't evice we o)

\‘,‘\Zﬂ Ul ind Povi 88 i Bs e PRAL 350 yh8, dlisk hE Bod QS EPRELS on 4 gy @ doped
device to be formed. The doped well may comprise second polarity type dopants for a first
polarity type device. For example, a p-type doped well may be for a n-type transistor. On the
other hand, a n-type doped well may be for a p-type transistor.
[0033] To form the doped well, a well implant mask which exposes the device region is
used. The implant mask, for example, comprises photoresist patterned by a lithographic mask.
Since the device isolation region can serve as an implant mask, this allows for increased
processing window for the patterning process to form the implant mask. The implant mask may
be removed after the deep well is formed. Other techniques for forming the deep device well
may also be useful. An anneal may be performed to diffuse the dopants, forming a doped well
which extends to under the bottom of the STL
[0034] Referring to Fig. 2b, a composite gate dielectric stack 250 is formed on the substrate.
In one embodiment, first, second and third dielectric layers 252, 254 and 256 of the composite

gate dielectric stack are formed on the substrate. In one embodiment, the first dielectric

comprises an interfacial oxide layer. The interfacial oxide layer is formed on the substrate. The



whi ch extends to under the bottomof the STI. [0034]Referring to Fig. 2b, a
conposite gate dielectric stack 250 is fornmed on the substrate. In one
enbodi ment, first, second and third dielectric |ayers 252, 254 and 256 of
the conposite gate dielectric stack are forned on the substrate. In one
enbodi imedrfacial beidtlayst cathplises Si@ corcHiOPT. | [neme ambbditreinf, dlod iaterfaxiatiexidajayer The
interfacial oxide layer is fort ed on the substrate. The interfacial oxide

| ayer QapRidd8sthantal oRdaBbiProcksd. FOLeRHRAE theHterfache okidt elyeaki falimaddyde
layer is thril'led by thci mal oxidation process. For exanple, the

%_tnt Ite(ra %gr Al ngéiaﬁg%gg%gg i@g?o?&tg@ga(sPéﬁgegﬁcg%n%ﬁg%?zgﬁé%gg g plor ation
IREHEET AR T S LT e

dielectric layer is forned over the first dielectric layer. In one

enmbodi et thickhessesmanalsabersiik i ¢ | ayer is a high-K di el>lect ric layer.
Various types of high-K dielectric materials nay be used. For xa pie, die
second[0838] ectThesetayatielnetsic byetHis-formsdbver tis-ficstghidpctae laie02n ageON, Hf - Si - 02
or Hf-Si ON, Al -based high-K or Zr-based high-K Qher types of high-K

mat er i @hBodiini@ tieebshddieldcttio 14yer w4 High-SedieRdiridilgle.cV arious kgyes of hipheK second
dielectric layer is about 10 - 50 A thick. Formi ng the second dielectric

| ayer &i?le@frﬂ%at%ﬁ!ﬂg kPSR eRedBordk adpRethdSedonl -diclrisRGaNdagbeemhiddc | ayer
may be fom ed by, for exanple, CVD. The second dielectric 1ayer nmay al so be

f or med, .usi th e ti;98: I F L&l i er
s Tol R T SRR PR SRRSO, PSR MR B kBB K, OB
ielectric layer is a cappi | ayer. Various t s.of .dielectric terials
may betyBseef HBhfomateria ”E%paggontbe S&%‘f%%ﬁe é‘i?aﬁ‘gﬁ‘é}“{ﬂfg %eﬁpgﬁlﬁﬁeqogger may
be, another high-K material (i,e. A 2-03,1,a203 or tc), Si02 or SiON. O her
types otelegtisgryny isehost i @-S0rnihiek. Forming ihe geqopd disleptihiayervitiolrr| ectri ¢
layer. The third dielectric layer is about 5 20 A thick. Form ng the third
di el ecthi¢kmessayeraywuisblbeatéial. The ckoesdiescimayayr snylbe forseidty, Tdrexampled
dielectric layer may be fornmed by, for exanple, CVD. The third dielectric
| ayer g®yD.afsdsebond GEIRBEicUSoR ehagtaiRrbedBRned dditothéaRpssieson plod&3dd. | n Fi g.

2e, a nmetal gate layer 265 of the conposite gate electrode is lasnid. The
[0036] The third dielectric layer is formed over the second dielectric layer. In one
embodiment, the third dielectric layer is a capping layer. Various types of dielectric materials
may be used to form the capping layer. For example, the capping layer may be, another high-K
material (i.e. Al-Oj3, LayO; or etc), SiO; or SION. Other types of capping materials may also be
used to form the third dielectric layer. The third dielectric layer is about 5 — 20 A thick.
Forming the third dielectric layer with other thicknesses may also be useful. The third dielectric
layer may be formed by, for example, CVD. The third dielectric layer may also be formed using
other deposition processes.
[0037] In Fig. 2c, a metal gate layer 265 of the composite gate electrode is formed. The
metal gate layer is formed, for example, over the capping layer. In one embodiment, the metal

gate layer comprises TiN,TaN, TiAIN, TaN/TiN, TaC or TaCN. Other types of metal gate

materials may also be used. The metal gate layer is about 50 - 200 A thick. Forming the metal
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nmetal gate |layer is forned, for exanple, over the capping layer. In one
enbodi nent, the netal gate |layer conprises TiN TaN, LAIN, TaNTi N, TaC or
TaCN. Qther types of netal gate naterials may al so be used. The netal gate
| ayer is about 50 - 200 A thick. Forning the netal gate |layer with other

t hi ckness al.so h seful be f for
exanpl %% %yﬁrgi'thgmf{#g asef)%eglsé’eb R‘bﬂe?ﬁ tf?é é%?@}/%}’e %t}@yf‘gr ned
usi ng ot her deposi ti on processes. [0038]As shovvn in g a top gate

el ect r SEEMla YD 27 EPHITing @TQEHp oLlerBetghtate Byeiaprnaso b@ #@amsr?thqﬁe
substrate. The top gate |layer for exanple, over the netal gate |ayer,

f or m ndepmsitiomposicsses.gat e el ectrode 260 stack. In one enbodi nent, the top
gate | ayer conprises poly-silicon alloy. The polv-silicon alloy, for

exanpl @o3spnprasgswpdn Fye. 24! 4 eprzagesleaniddmyeS2 M@ 6f the Sbm@bsiteydaseledtrddeps gat e
el ectrode materials may al so be used. The top gate el ectrode |ayer is about

100 - 3RPmAI bR 'tlfé%ubgt?a[tm e fé)?e%ﬁéjlﬁ%&% QOxeé)éﬁ{éﬂé) dGer Y ﬁfetei@‘gyﬁ 1 Eformin

t hi cknesses may al so be us e top gate él ectro e er may be #or med

by, for I gat e | aye f or ned usi ng,ot her
deposi %Ong%o%r{B %fgses?\e/g o g@é%t%%éf el Fﬁm% 8“1?9% tﬁlez%p & lax‘grcf)glﬁ?gseés éy | ayers
are pattern at ck 140 with a conposjte gate el ectrode 160
over a8l B‘?fbfggqyt 2”@ -l °ryr T epaIpley ?ﬁrﬁ@mﬁeggaselécqnaagmgmw SHée)-

achi eved by mask and etch techniques. For exanple, a pbotoresist |ayer is
f or medOBeetypenef topgatsatl ectiody araterivds pay alsp hedsedemeswlm gatpetecirodslagér ishe t op
gate layer. An anisotropic etch, such as a RLE, is perforned to renove
expos egbanoi 00 o860 df thidke Fro«:rnirrgethetdpagaeetr eladttbdgddyer vathentiser bielclonesseandyngiscov e

l'i thographic resolution, an at-Al-reflective coating (ARC) can be provided

beneat he 4 d2eu1 PO @£ SdtS blectdVah yér@ediictetfied By, adagipN, tovd Neheafpesadt@yer s

may al so be useful. [0040] The process continues to orm t he device. For

exanl GyolHE NS oPERGETTLAL SRR bRl L OLHLNg o dewal | ‘spacers on gate

si dewa urce I'n regions ] ace “he gate and netal suicide

The. oatoBol b FeBnEThE F%Bﬁgéqar{p'@‘s’“s TR e HEPL R PB AR AN | ayer

and contacts to the termnals of the cell as well as one orre interconnect
| evel sWithjagampgsitsgaiaeleeinded$9arvsr 4 cemnprsys erigglivlectricy Retterping deasgaselayey al so
be included. For exanple, other

may be achieved by mask and etch techniques. For example, a photoresist layer is formed over

the top gate layer and patterned, exposing portions of the top gate layer. An anisotropic etch,
such as a RIE, is performed to remove exposed portions of the top gate layer and gate layers
below. To improve lithographic resolution, an anti-reflective coating (ARC) can be provided
beneath the photoresist. Other techniques for patterning the gate layers may also be useful.
[0040] The process continues to form the device. For example, further processing can
include forming sidewall spacers on gate sidewalls, source/drain regions adjacent to the gate and
metal silicide contacts may be formed on the various contact regions and the surface of the gate
electrode. The processing may further include forming a PMD layer and contacts to the
terminals of the cell as well as one or more interconnect levels, final passivation, dicing,

assembly and packaging. Other processes may also be included. For example, other
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components, such as |ow vol tage, nedium voltage, and high voltagel/O
devices can be forned prior to formng he interconnections. 100411Fi gs.
3a-d show cross-sectional views of another enbodi nent of a process 300 for
formng a devke or IC. Referring Lo Fig. 3a, a substrate 105 is provided.
The sulsipoatsts) sichts lovevatagemediuprodtess iand b vdbisgs I/Oadvices FEinghe Rbmed-or
exanpl e, the substrate is prepared with an STl region |SO surrounding a

devi cepﬂ&gb%ﬁa@theqnt@%gﬂemhg in the device region 110. Furthernore,
dielectric layers 252. 254 and 256 of a conposite gate dielectric stack 250

ar e fg@ﬂgﬂ on fgzesé.ugﬁw%}o%sglég%g%ﬂ Rl 86 iddthd: @mbbimeaPot ApidBtd!30085€ | ayer

265 a buf gate [ayer a conposite gate electrode are forned.
The metal . gate layer be forped, as scrifed in.Fig. / r
gat e | BBk S REC FETERE AL & 2bIoPoTRG [Brap il auoHE BiLh
enbodi nment, the buffer gate |ayer caonprises aporphous silicon. . Oth types
of bufstege Qfarecchnsps %ﬁsgﬂlﬁlfﬂﬁl{&@bb & of) %adl.lplfrﬁggﬂﬁﬂfétﬁ 1§ %fﬁgﬁfeﬁrﬂﬁ’;}tgt?é‘eéﬂ
crystallized after anneal in subsequent processing. The buffer gate |ayer

i s, forgexdidplserroaiing a devicO®gnt HOck dofrdrilhig thhéevhes egionddfe. ayer with
ot her thicknesses may al so be useful. The buffer gate | ayer nmay be forned
by, f oFurgheamipiegdic(ddic layidie 282 fH5erandase of ayenpasity galesiielberit smoke25Waieng ot her
deposition processes. [0043]in Fig. 3c, a top gate layer 170 is forned over

the buffgtd 8auk JuBMeke. The top gate Layer may be forned, as described in
Fi g, 23. E["0044] Referring to Fig. 3d, the various gate |ayers are patterned

corposttPB20a; KB ik 38 ulipPar ATPRSH SsRHE FUFERACHRA DD Biftautoonig,
R A e S e R S R e A
An ani cotnpic etch, such as a RIB, is perfornmed to renove exposed _portions
of t hebuféy ggtetlayar as formadhfoyesaanle papisthy el gatedaysap Foere emiadgeiptiec
resolution, an nti-reflective coating (ARC) can be provi ded beneath the
phot or esffetgatedbyre compd kesi aquephdusrsilipant Otheir types hEbefétrezatcaypategalpmayallsodepe
wset 1'1$ed. The buffer layer may be crystallized after anneal in subsequent processing. The buffer

gate layer is, for example, about 20 -100 A thick. Forming the buffer gate layer with other

thicknesses may also be useful. The buffer gate layer may be formed by, for example, CVD.

The buffer gate layer may also be formed using other deposition processes.

[0043] In Fig. 3c, a top gate layer 270 is formed over the buffer gate layer. The top gate

layer may be formed, as described in Fig. 2d.

[0044] Referring to Fig. 3d, the various gate layers are patterned to form a gate stack 140

with a composite gate electrode 160 over a composite gate dielectric. Patterning the gate layers

may be achieved by mask and etch techniques. For example, a photoresist layer is formed over

the top gate layer and patterned, exposing portions of the top gate layer. An anisotropic etch,

such as a RIE, is performed to remove exposed portions of the top gate layer and gate layers

below. To improve lithographic resolution, an anti-reflective coating (ARC) can be provided

beneath the photoresist. Other techniques for patterning the gate layers may also be useful.
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[ 0045] The process continues to formthe device. For exanple, further
processi ng can include fortning sidewall spacers on gate sidewalk,
ource/drain regions adjacent to the gate and netal silicide contacts nay be
foi med on the vari ous contact regi ons and the surface of the gate

el ectro pr ocessi thit i ncl yde for Ia er and

cont ac[togsﬂo etpé‘?cﬁﬁsn%“gntﬁs tp frmy I deyice sy exagw %E‘gﬂtﬁr PHSPE T €f'cor mect

| evel s, fi naI passi vation, dicing, assenbly and packaging. O her processes
may al iselufe faaninesiderdt spagerph @atecidesiells coptsaisinia re&@ttsrada@emdwﬂtfosqt%@@

medi um vol tage, and high voltage 1/0O devices can be formed prior to formng
t he i nhetatslicide tomnas nfad ®4 Ghrmieagl. ondths hansusesoptaci meiohabnd s whitfscend dlsaigata g
resistance of a SiGe filmw th respect to amount of Ge. The experi nent

measur gsctfel Tha E}F&:eﬁfmgﬂn@ fifrtHefncRide 39@0nd\a PID N8 ed i d dratts (oahéerol e
fractions. The SiGe filmis inplanted wwth B dopargs. The dose of B

g IO]E)?Q " ttgﬁp ?ls%fnsjdpégt%llaa@ we%l zis fBgt'e %P E'(ﬁ)% ﬂltterg(pnﬂé ylevéﬁ1 g'glgﬁﬁdﬁlr\/%ﬂﬁ? dRfind he

are neasure er an annea m nut es.
Tht, c mental results. indicate that easi n ntent, the
r esi st%?g‘i‘,‘gf’léffan Rackaging C@H?nggcesf%ﬁnaé'xao}ﬁ%\%’%mf’bgﬁ‘? l?lege “mat 0 Ge

content to about 1.8 ng--2-cin th a. Ge content of about 56 nol e

fr act i @MPOTENtS, Jushice Bt%goltagatmpﬁeme%taa@ ang dighorpltage I/ Qrdeggoey eay etopged
resi stance of the top gate electrode. [0047]Fig. 5 shows experinental

r esul t grioreademiing theastiestoanations. a Si Ge filmwi th respect to annealing
tenperature. The experinent nmeasures resistance of SiGe films at 3000A

i mpl anfoede t IFi8 sdppaRtesp@imentaasiltoimdasuckiplosistamat dfta ek willheespect to
resi stances of the different filns are neasured after annealing the film at

di ffergpt, rﬁ%@%l g @éﬂtﬁ‘&ﬂ aSifred fé@lsélgcé %ﬁ@ﬁ%lmﬁ&%@mpﬁrﬂa{?ﬁ@dﬁ*&réﬁs@é ts

indicate t resistivity reduces wth higher Ge concentration. [0048] The

the SpPIRFBHoBE ST Paic TR 4GP BRIed RS Ky T sk AP APRRR LA Tl

therefpre, are to he considered in_ a re cts illustr ve rath r t han
imti %@lﬁl?’@e‘i‘ A ¥n The &ststasss oﬁ@eéﬁﬁereﬁc@fi@ % mFPFélr‘?‘ﬁ‘tﬂéFﬁtaP 8RG8 2% hus

indicated by the appended clains, rather than by the foregoing
900°C in Ar for 40 minutes. The experlmental results indicate that with increasing Ge content,

the resistance of the film reduces, for example, from about 7.5 mQ-cm at O Ge content to about
1.8 mQ-cm with a Ge content of about 56 mole fraction. This indicates that increasing the
content of Ge decreases resistance of the top gate electrode.

[0047] Fig. 5 shows experimental results measuring resistance of a SiGe film with respect to
annealing temperature. The experiment measures resistance of SiGe films at 3000A implanted
with B dopants at a dose of 1x10" ecm™ at 20 keV. The resistances of the different films are
measured after annealing the film at different annealing temperatures for 30 seconds. The
experimental results indicate that resistivity reduces with higher Ge concentration.

[0048] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope

of the invention is thus indicated by the appended claims, rather than by the foregoing
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description, and all changes that cone within the neaning and range of

equi val ency of the clains are intended to be enbraced therein, Wat is
claimed is: CLAIMS 1. A nethod of form ng a sem conductor device
conprising. providing a substrate; and formng a gate stack having a gate
el ect r dekeription, laad alllobingat eéhat comp mithimibe ineaninggnd range af eqgatvdeedyediiicode

| ayer, formng a buffer gate el ectrode |ayer on top of the netal gate
el ect r gdgnd A¥ehtend@ddo beefibiited thi@@ingat e el ectrode | ayer having a poly neon
all oy over the buffer gate electrode layer. 2. The nmethod of claiml

wher ei n:
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the butler gate el ectrode | ayer includes an anorphous silicon |ayer; and

the poly-silicon alloy includes poly-silicon gennanium (Si Ge). The
nmet hod of claim|l wherein the SiGe |ayer includes Ge content of about | -60
nmol e fraction. 4. The nethod of claim|l wherein the netal gate el ectrode
[ ayer jncludes TN.TaN, TaN Ti N, TaC or TaCN. The nmethod of claiml
furthe 51064 f%r ming a gate dielectric in between the substrate and the
gate el ectrode. 6. The nethod of claim]l wherei the gate dielectric

includes at least first and second dielectric |ayers, wherein he second
dielectric layer includes a high-K dielectric material which is provided on
top of the first dielectric |ayer. AIEM®d of form ng a sem conduct or
devi ce conpri si ng:
1. A method of forming a semiconductor device comprising:
providing a substrate; and
forming a gate stack having a gate electrode on the substrate, comprising
forming a metal gate electrode layer,
forming a buffer gate electrode layer on top of the metal gate electrode layer, and

forming a top gate electrode layer having a poly-silicon alloy over the buffer gate

electrode layer.

2. The method of claim 1 wherein:
the buffer gate electrode layer includes an amorphous silicon layer; and

the poly-silicon alloy includes poly-silicon germanium (SiGe).

3. The method of claim 1 wherein the SiGe layer includes Ge content of about 1 — 60 mole

fraction.

4, The method of claim 1 wherein the metal gate electrode layer includes TiN, TaN, TiAIN,

TaN/TiN, TaC or TaCN.

Sl The method of claim 1 further includes forming a gate dielectric in between the substrate

and the gate electrode.

6. The method of claim 1 wherein:
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providing a substrate; and formng a gate stack having a gate el ectrode on
the substrate, conprising formng a netal gate electrode |ayer, and p gate
el ectrode | ayer having a poly-silicon alloy over the netal gate el ectrode

| ayer. The method of claim7 wherein the poly-silicon alloy includes

pol y- si | i cothegafcSii@ejtric ifcluddsat loestiost apfl se¢caidmi@eathie lagem, wheeiditlBesdcayér

i ncludes Go content of about I 60 nole fraction. 10. The nethod of claim?7
wher ei gieldagidTey@lindad® &igeKr didRctidy@iteridl GHHieleis pldviied taNop &f AkeMirstTaNl Ti N,

TaC or TaCN e method of claim7 further includesa gate dielectric in
bet weep;fhgiSuhstrate
7. A method of forming a semiconductor device comprising:

providing a substrate; and
forming a gate stack having a gate electrode on the substrate, comprising
forming a metal gate electrode layer, and
forming a top gate electrode layer having a poly-silicon alloy over the metal gate

electrode layer.

8. The method of claim 7 wherein the poly-silicon alloy includes poly-silicon germanium
(SiGe).

9. The method of claim 8 wherein the SiGe layer includes Ge content of about 1 — 60 mole
fraction.

10. The method of claim 7 wherein the metal gate electrode layer includes TiN, TaN, TiAIN,

TaN/TiN, TaC or TaCN.

11.  The method of claim 7 further includes forming a gate dielectric in between the substrate

and the gate electrode.

12. The method of claim 11 wherein:
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and the gate el ectrode. 12. The nethod of claim 11l wherein: t he gate
dielectric includes at |least first and second dielectric |ayers, wherein
the second dielectric layer eludes a high-K dielectric material which is
provi ded on top of the first diel ectric | ayer. 3 The met hod of ehhit the

hi gh- K di eltgct ric materialincludes - based hig asedZr - base 1 gh-K or
a conbi nat | B getsdhidentric meludepat lgast ﬁ&ﬂ apd seqopd ﬁhelrecmﬁ lebers, Whtseindessespai di ng
a buffer gate electrode |layer in between he netal and top gate el ectrode

| ayer sdielegtBic |qyee invbudes d hagh-K| daglentrid matesiabivhichhe prawidedrongep ef thk destr ode | ayer
i ncl udes an anorphous silicon layer. 16. The nethod of claim 15 wherein

t he andielplgigdayer.| i con |layer is crystallized after annealing, A

sem conduct or devi ce conpri sing;

13.  The method of claim 12 wherein the high-K dielectric material includes Hf-based high-K,

Al-based high-K, Zr-based high-K or a combination thereof.

14.  The method of claim 7 further includes providing a buffer gate electrode layer in between

the metal and top gate electrode layers.

15. The method of claim 14 wherein the buffer gate electrode layer includes an amorphous

silicon layer.

16.  The method of claim 15 wherein the amorphous silicon layer is crystallized after
annealing.
17. A semiconductor device comprising:

a substrate; and
a gate stack having a gate electrode on top of the substrate, wherein the gate electrode
includes
a metal gate electrode, and

a top gate electrode having a poly-silicon alloy over the metal gate electrode.

18.  The semiconductor device of claim 17 wherein the poly-silicon alloy includes poly-

silicon germanium (SiGe).
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a substrate; and a gate stack having a gate el ectrode on top of he
substrate, wherein the gate el ectrode includes a netal gate el ectrode, and
a top gate el ectrode having a poly-silicon alloy over the netal gate

el ectrode. 18. The sem conductor device of claim 17 wherein the poly-silicon
all oy includes poly- silicon getmanlum (SiGe), dielectric being disposed
bet ween the substrate and the gate el ectrode. 10. The sem conductor device

of cl ajgn 177fduchhiesndublot U8Ase & Huitd BT wHakh 1Bk ealelsade flrtiéeInciudebaipueen t he
nmetal gate el ethode and the top gate el ectrode.

dielectric being disposed between the substrate and the gate electrode.

20.  The semiconductor device of claim 17 further includes a buffer gate electrode layer in

between the metal gate electrode and the top gate electrode.
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