SELECTI VE OXI DE TRI MM NG TO | MPROVE METAL T- GATE -
TRANSI STOR Background of Invention 1) Field of the
Invention This invention relates generally to
fabrication of sem conductor devices and nore
particularly to the fabrication of a PET with a netal
gate. 2) Description of the Prior Art The advancenent
in transistor technology has | ed to nunerous energing
i ssues. CGate oxide is one of the npbst aggressively
scal ed paraneter to maintain the Moore's Law. |ITRS
2001 has shown that by 2005, the current SiQzmateri al
coul d have reached an unacceptabl e gate | eakage with
decreasi ng oxi de thickness. Hence, new mnmaterial is
needed to replace silicon dioxide by then. Currently,
the sem conductor workers are hot on the heels in
search of new materials, the nore prom sing ones at
this point intime is Hgh Kmaterials (H O and ZrQ
etc). Hgh Kmterials would provide a | ower EQI for a
T FINTCRRBE TRIVEH NG DS MPRQUESERALSE FATGERRANSISTOR
requi renent conpared to silicon dioxide in terns of

t hi ckness requirenent. The need for High K material is
therefore | ow power diacksnuadhef Inpentiengh per f or mance
driven. In addition, lithography is also another
chal I engi ng area whereby gate 1 length is scal ed
aggressively too. One of the nethods to extend the
!ﬂ)qh&ggkgglgﬁmﬁhﬁthography_in the sub-nmicron gate era
i'sS to performresist trinmng. Another scaling issue
woul d be t heTpslinysitioncdpcgeenerldy @rahyisatimof pamicagidpglergigvices
dh@ %ot SR D HESR EBriGhigNof NI 2 G PRLY depl etion
effect ‘causes” higher EOT and aggravates short channe
effects. The gate capacitance and the saturation
current would be reduced. These woul d nake current

silicon dioxide nmaterial seens al nost inpossible for
2) Description of the Prior Art

The advancement in transistor technology has led to numerous emerging
issues. Gate oxide is one of the most aggressively scaled parameter to maintain the
Moore’s Law. ITRS 2001 has shown that by 2003, the current SiOxmaterial could have
reached an unacceptable gate leakage with decreasing oxide thickness. Hence, new

material is needed to replace silicon dioxide by then.

Currently, the semiconductor workers are hot on the heels in search of
new materials, the more promising ones at this point in time is High K materials (HfO and
Zx0, ctc). High K materials would provide a lower EOT for a given thickness which would
reduce the stringent requirement compared to silicon dioxide in terms of thickness
requirement. The need for High K material is therefore low power driven and not high

performance driven. In addition, lithography is also another challenging area whereby gate




future transistor technol ogy. Therefore, alternatives

are currently being sought after. One of the

prom si ng candi dates woul d be the netal gate

technol ogy. Materials for netal gate are currently

been | ooked into. Metal gates do not exhibit the poly

depletion effects but are | ow power consunpti on,

hi gher drive current capability and hi gher speed due

to lower gate resistance. 2 Summary of the Invention

An exanpl e enbodi nent of the present invention

provi des a nmethod of manufacturing a PET which is

characterized as follows. form ng a bottom pad

dicegte pstspaled gegirey veingo- Lol Wimqﬂ@gﬁ tq eiraf t'ls\}lél}ltaaorl of

sk 1-5;@,% & the MRS AW PR tdhRloas tdsisCuhAYigg. has a

first thickness; patterning the polysilicon |ayer to

forma sacrificial gate; performng a sacrificial gate

anor phi zation inplant by inplanting ions into said

sacrificial gate to form an anorphous_ | ayer;

thermal |y oxiAfiogiengaking igpug Herilfor dieaplvaice samhiOsyptem. If

aﬂﬁkﬂﬁﬁﬁﬁmc@Mﬁ&mﬁQgmkpﬁﬂhéa&éb&&%@ﬁ&m&%ﬁ@&%%m&ﬂugﬁﬁEOTand
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step, renoving the sacrificial spacers and renoving a
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ess; fornmng spacers on said sacrificial
pae foraniinheea ISk jnp Mt 2ates dogiopeSitD th@@qlbﬁ@fﬁyap aféf@ﬁ’tbut are

t Bw%\agr co‘?‘n@ﬁxﬁétifoh,cﬂl erer SR urrent capability and higher speed due to lower gate

resistance.



formng a dielectric |layer over said substrate,

pl anarizing said dielectric |ayer to expose said
sacrificial gate; renoving said sacrificial gate to
forma gate opening that expose portions of said
bottom pad dielectric |ayer; renoving the exposed
portion of said bottompad dielectric layer in said
gate opening; formng a gate dielectric |ayer on said
substrate in said gate opening; 3 formng a gate

| ayer in said gate openings over said gate dielectric
| ayer; planarizing said gate |layer to forma gate.
The above and bel ow advant ages and features are of
representative enbodinments only, and are not
exhaustive and/or exclusive. They are presented only
to assist in understanding the invention. It should
be understood that they are not representative of al
the inventions defined by the clains, to be considered
l[imtations on the invention as defined by the
clainms, or |imtatiofymamreaithednentianto the cl ai ns.

For instance, SR ohbidIESE «AARLRASH B, ;{g&ides a method of

mutual |y contradictory, in that they cannot "be
shnyfacamop a§EY whrdsedaracirizedss fglows.enbodi nent .
Simlarly, souR;advanbAges dleGrid BRb! £8R161ysiliQnd 3
aspect of the&ﬁﬁ@enti o_n,% anlge?tﬁa%g}i_iacablpey?é others.
Fubstiates srid egtioparat] dickeciis et s affirst tiagknessai med i nventi on

have not been,gl.5eHss ?glfi}ﬁéo%ii r FONEY &?Eacrigglﬁfe ,%He?r ence

shoul d be drawn regarding those discussed herein o
rietlatiivea sorifitidsstenorrdiztusisetdnheyr giprnbehiens nteanidfsgrilicial

T R B 0 "atvant ages. shoul d not be
consi der ed ditspusily pudizing saiétaerindinlizag, adguiid ainembeus layer to
Adfhh LAnah bEakuh e Adadduaatagesiplydhe Tnvention
pparent in the follow ng” déscription,
fromthe dr awiforgsng sdel impmtdere teLailhmsgions adjacent to said
sacrificial gate;
in a bottom pad dielectric thinning step, removing the sacrificial spacers
and removing a thickness of said bottom pad dielectric layer so that said bottom pad
dielectric layer has a second thickness;
forming spacers on said sacrificial gate;
performing a 8/D implant to form S/D regions adjacent to said
sacrificial gate,
forming a dielectric layer over said substrate;
planarizing said dielectric layer to expose said sacrificial gate;
removing said sacrificial gate to form a gate opening that expose
portions of said bottom pad dielectric layer;
removing the exposed portion of said bottom pad dielectric layer in said
gate opening;

forming a gate dielectric layer on said substrate in said gate opening;
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4 Brief Description of the Drawi ngs The features and
advant ages of a sem conductor device according to the
present invention and further details of a process of
fabricating such a sem conductor device in accordance
with the present invention will be nore clearly
understood fromthe follow ng description taken in
conjunction with the acconpanying draw ngs in which
like reference nunerals designate simlar or
correspondi ng el enents, regions and portions and in
which: Figures 1 through 17 are cross sectional views

for illustratyj a fir . e i . of OV EAE 1AM e
Frgures 1 1o T eiefieg S RORICTR R Bovbrii AL Al tayer
whierag zingwaid pat lergafoes ageeh di fferent work functions

are fornmed. Figure 2A is a cross sectional view of the

PMOS gate after the anorphizing inplant. Figures 24A,
24B, 24C and 124 bbae endchebssadentges aal fesiense shepicpgtagve

process that create xcessive under. cutting of the
A apieap b 4P B SRR PG R i Benbry o
aneis2b Dhd@feanding #8 iseotiérofiahowd ewsidaktoodihatekampd ot

TR L SRRy VR B o o
Des ivepion anddined hethExiaimgl e imntaddismretysivaldnts ©vigr atdiw For
T L (ORI T
pfincemsoBNGroai anetiesls eabeliexafihadaly, Ihe @xatdges are applicable
to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
the claimed invention have not been discussed herein. However, no inference should be
drawn regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this surnmary of features and advantages
should not be considered dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description, from the

drawings, and from the claims.




process and paraneters can be nodified as technol ogy
evol ves and as known to those skilled in the art.
Figures 1 to 17 show a first enbodi nent of the
invention. A feature is that the PMOS sacrificial gate
Is made thinner than the NMOS sacrificial gate. The
PMOS gate is inplanted preferably with Si or Ge to
increase the anmobunt of poly sacrificial gate that is
oxi di zed to form PMOS spacers. The spacers are used

as masks for the LDD (lightly doped drain) I|nplant.

The distance (e.g., width of sacrificial gate)

between the PLDD regions is |larger that the space

bet ween the NLDD regi ons because of the w der PMOS
spacers. The PLDD tends to diffuse readily nore than
NLDD due to the dopant being small and light (e.g.
Boron). The wi der Brigfdascirttoned the RiagviyOS r egi ons

i mproves dev

channel effegﬁgﬁﬂﬁk%ggg%%%ﬁ%%XOfQ?%?%haQF*Bgnéng&kmngnjme
optbsdiniZatenten ol furkher dadlsiof i pioggss g%fia@rscatlmg e 2 $paniconductor
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cmeéméd during t he channel oxide strip for the dumy
gate process I
capaci t ance F&?Iglih%ﬁﬁ% f¥£ﬁé£§§g?&ﬂF%%gﬂéhﬁmﬁﬁ%g;ﬁ%g
eqitedinmane! techiovemtipm flgures Ito 14 and 18 to 23, two
nmetal gates wi un _
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be silicon
amorphizing implant.

Figures 24A, 24B, 24C and 24D are cross sectional views showing a
process that creates excessive under cutting of the pad dielectric layer.

Figure 25A-1, 25A.2, 25B, 25C, and 25D are cross sectional views of
an example embodiment showing a process that reduces the under cutting of the pad

dielectric laver.




ot her substrate using in sem conductor manufacturing.
Next, we formisolation regions 20 in the substrate
10. The isolation regions are preferably shall ow
trench isolation (STlI) regions. W then forma bottom
pad dielectric layer 24, a silicon containing |ayer
(e.g., polysilicon layer) 26 and a hard mask | ayer 28
over the substrate. The polysilicon |layer preferably
contains polysilicon. The polysilicon | ayer can be
conprised of polysilicon, anorphous silicon or SiCe.
The bottom pad dielectric |layer 24 is preferably
conprised of oxide and has a thickness between 50 and
400 A. The silicon containing |ayer (e.g., polysilicon
| ayer) 26 preferably has a thickness between 1000 and
2000 A. The Dagitedridskripdye of b8 ExanpieEmbabinyeneconpr i sed
of nitride. The hard mask |ayer is used for obtaining
good_contrast for obtaining gate CD. The hark mask
{ayeP¥*I¥i8Y oves on Salicide process and nust be thick
enough for the oxynitride spacer etch subsequently.
Form PMOS sacrificial gate and PMOS hard mask and NMOS
sacrifici al HyateleamboddE: dfgthainverglonRede ampravgsstto form a FET

fl 2, ttern the polysilicon |ayer 26 and.the
aind B S DR DSt o W R et et EY B sty Thaexact
pﬂﬁess@@aﬂaﬂ{e%rm%ez&c@ﬂ@ DVERBno B¢ BV i Riadd agRlc®nB those

and N hard mask 30. Still referring to figure 2, we
skifedinghpbs Mask 40 over substrate with openi ng(s)

over the owﬁgﬁreg@t&%’i’ sHi¥a gM%nﬂaﬁ&eﬁth)f'thce ipr&tighably

conpri sed of “photoresist.
A feature is that the PMOS sacrificial gate is made thinner than the

I

NMOS sacrificial gate. The PMOS gate is implanted preferably with Si or Ge to increase
the amount of poly sacrificial gate that is oxidized to form PMOS spacers. The spacers are
used as masks for the LDD (lightly doped drain) Implant. The distance (e.g., width of
sacrifictal gate) between the PLDD regions is larger that the space between the NLDD
regions because of the wider PMOS spacers. The PLDD tends to diffuse readily more than
NLDD due to the dopant being small and light {e.g., Boron). The wider spacer between
the PMOS regions improves device performance by improving the short channel effects
for PMOS.

In addition, the oxidization of the sacrificial gates trims the sacrificial
gates thus extending the limitation of lithography.

Another feature is that this trimming oxide is stripped away. During this
controllable stripping, some of the initial pad oxide would also be stripped, thus reducing
the amount of undercut created during the channel oxide strip for the dummy gate process.
This would improve on the gate overlap capacitance for a T-gate transistor.

In a second embodiment shown in figures [ to 14 and 18 to 23, two

metal gates with different work functions are formed.




As shown in figure 2, we performa PMOS sacrificial
gate anorphization inplant to anorphize outer
portions 32A (e.g., anorphous |layer 32A) of the PMOS
sacrificial gate 32. As shown in figure 2A, the

anor phous Si outer portion 32A of Polysilicon PMOS
sacrificial gate 32 preferably has a thickness between
25 and 2500 A. If the anorphizing inplant uses Ce,

t he anorphous Si outer portion 32A preferably has a
Ge concentration between 1E13 and 1E20 atonicc. The

i npl ant anor phi zes the poly 32 to enhance a subsequent
poly oxidation that reduces the size of the
subsequently fornmed PMOS gate. The Ge or Si Angled

I1P! aftrsd&aGit RiRlghaR! Y conprise Ge or Si ions.
Trimgates Referring to figure 3, we renove the PMOS

Mask 40. StlRbkna@e&ﬁgmgllwnﬁwgamewﬂl4wePMKBnmmheandap—

RO BB a S oY il A Trr o Bl Gl g ar anc

NMEEmﬁa@ﬂeﬁm@yakmgﬁmmumaﬁanﬁ&&ﬁmgNNCS sacrificial
spacers 50 on, the acr

Gat e 36 and ehicke BRI Tier A orp ATarE: B0 e Rotaton
st:glewalrd ﬁrcﬂafabtyhﬁaiBMﬁns}aGmmﬁdm{Sﬂﬂ) rpadn@. 32 The PMOS
sacrificial %gagggs 46 ar e E@ %er Hha |
Sacrificial GoiuRRu Ao e T 18R AheRor Spps ter
the., @mpﬁpdw UesreSi 263121Aacamrdtdfrek BVES sgatiahaibitte. TRSpRYsilicon
than t he h ﬁ Pref erab
S PIRGHA Epeare™ SHEPABI BEreER 00" and
QQQmﬂk&hth@hmkhanoﬁ&EhGMES sacrificial spacers 50. 8
fi gt The bottom pad dielectric layer 24 is preferably comprised of oxide and
has a thickness between 50 and 400 A.

The silicon containing layer ( e.g., polysilicon layer) 26 preferably has
a thickness between 1000 and 2000 A.

The hard mask layer 28 is preferably comprised of nitride. The hard
mask layer is used for obtaining good contrast for obtaining gate CD. The hark mask layer
improves on Salicide process and must be thick enough for the oxynitride spacer etch

subsequently.

Form PMOS sacrificial gate and PMOS hard mask and NMOS sacrificial gate and
NMOS.hard mask

Referring to figure 2, we pattern the polysilicon layer 26 and the hard
mask layer 28 to form PMOS sacrificial gate 32 and PMOS hard mask 29 and NMOS
sacrificial gate 36 and NMOS hard mask 30.

Still referring to figure 2, we form a PMOS Mask 40 over substrate with
opening(s) over the PMOS area 11. The PMOS mask 40 is preferably comprised of

photoresist.




The NMOS sacrificial spacers 50 can have a thickness
bet ween 50 and 2500 A and nore preferably between 50
and 500 A. The PMOS sacrificial spacers 46 can [ have
a thickness between 100 and 5000 A and nore preferably
bet ween 100 and 500 A. The PMOS sacrificial spacers 46
are preferably thicker than the NMOS sacrificial
spacers 50. By oxidizing the sacrificial gate

sidewal |, we can further reduce the gate Ilength. This
can be an conbined with or be an alternate technique
to resist trimmng to extend the limt of
lithography. The NMOS spacer/gate width 51 is
preferably between 120 and 3400 A and nore preferably
500 and 1800AA.sh6H1einlﬁlgm2$wapefdr@axtPM®S schifiddl gag

e g R L e N R R
SPE0B shgifivkegud 3re LDDs. Dependi ng on the technol ogy,

the PMOS spacer/gate wdth 47 are preferably between

20 and 40 % w der than the NMOS spacer/gate width 5 1.
The PMOS gat es3Rovheia figuisi2di, fhe[ﬁhﬁﬁﬁb@kﬂi)&utbﬁ;ﬁdmrmm

500 3 r ef
DS RIET TS Sl S B G AHG b B BETer P Bl haE 500 A
. 12 theaRdrph3} uﬁplaﬁh&eﬂ%egﬁh(ﬁp&%s B ﬁf{e&fpﬁbﬂoy 3ha$rea3rz;]bly has a
narr ower t i.dth o the NMOS gate. The
“@%‘l"é“%‘g’eﬂ’é@nig i?‘&#@gﬁmﬂ?’ﬁﬁer ably between 5 and
100 % the thickness of the NMOS gate. The PMOS gate
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oxidation that reduces the size of the subsequently formed PMOS gate.
The Ge or Si Angled Implant 42 can preferably comprise Ge or Si ions.

Trim gates

Referring to figure 3, we remove the PMOS Mask 40.

Stilt referring to figure 3, we trim the gates preferably by oxidation.
Preferably we thermally oxidize the PMOS sacrificial gate 32 and NMOS sacrificial gate
36 to form NMOS sacrificial spacers 50 on the sidewalls of the NMOS sacrificial gate 36
and PMOS sacrificial spacers 46 on the sidewalls of the PMOS sacrificial gate 32.

The PMOS sacrificial spacers 46 are thicker than the NMOS sacrificial
spacers 50 because the oxidation rate of the amorphous Si 32A on the PMOS gate 32 is
faster than the NMOS polysilicon gate.

Preferably the PMQS sacrificial spacers 46 are preferably between 100
and 500 % thicker than the NMOS sacrificial spacers 50.




As shown in figure 4, we forma NMOS LDD Mask 54 over
the substrate with openings over the NMOS area 12. 9
Referring to figure 4, we then performa NMOS LDD
inmplant to form N-LDD regions 58 adjacent to the NMOS
sacrificial gate 36. The N-LDD regions are preferably
doped with As or P. Next, preferably we performa
pocket inplant preferably using Boron or Indiumions
in the NMOS area 12 to form pocket NMOS regi ons (not
shown). Referring to figure 5 we renove the NMOS LDD
Mask 54. Subsequently, we forma PMOS LDD Mask 62
over the subBter Swiiagtrficid pparcrsg O hatdyeth s Heeeen 50 and

i 3
2080 Ao 0 pRR AN B L b e TR 8 el gpaggrs 46 can
hitea PidkbBsrbegieend 06 GingrsédeAabd ynohaprefaatBpbawceen 100 and 500 A.
concentrati tween | E13 and 5E 15 at cc,. W\

porform a poed MRS it JovEs APy tick tharghe
NES safiotkRtspdcegisons (Not shown). Referring to figure

6, we renove the PMOS LDD Mask 62. In a figure 6, in a

key step (e.Ryoxigigmedhesaedtiviplgateigimialgws caplurthggreduce the gate
. . r, .

P 181 ol Bo EDESRBRAF R oy BN IR FRATE S 13t Biining o

ceteadh thedinpit ef ithadphghyconpri sed of wet etch using dilute

HE Preferably t ad dielectric thinpin tep r ve

ot ween 30 st MO et B Sdth i Y wERrREy B Bseh 0T 3400 A

aBe Rk epileh@ati PN A@ 1 §ock, ThBemad sgé’ééﬁ@atg 4y iatted ek pRIfdtably

has a t hi cknesimrgetvveen 50 and 400 A. After the

betivash 2Ag art TWOAdfRqraprofereite 7fhenddi &0 et These iy are about the

initial space between the LDDs.

Depending on the technology, the PMOS spacer/gate width 47 are
preferably between 20 and 40 % wider than the NMOS spacer/gate width 51.

The PMOS gate 32 has a width preferably between 120 and 3500 A.

The NMOS gate 36 has a width preferably between 120 and 3500 A and
more preferably between 120 and 1300 A.

The PMOS gate 32 preferably has a narrower width than the width of
the NMOS gate.

The PMOS gate 32 has a thickness preferably between 5 and 100 % the
thickness of the NMOS gate.

The PMOS gate 32 has a thickness preferably between 5 and 50 % the
thickness of the NMOS gate.
Figure 4

As shown in figure 4, we form a NMOS LDD Mask 54 over the
substrate with openings over the NMOS area 12.




preferably has a thickness between 20 and 120 A The
etch of the spacers 46 and pad dielectric layer 24 is
control |l able because the thickness of the pad
dielectric |ayer 24 can be controlled to obtain the
desired thickness by the slow HF etch. The thinner

| ayer 24 in the region not under the gate, the |esser
the undercut of the pad dielectric layer 24 in the
channel oxide strip. (See figures 10 25A, 25B, 25C.
Thi s reduces undercut of the oxide 24 under the
sacrificial gates 36 32 during the Channel Oxide
Strip. This ]gﬁwémg tq fgured, we thep @eétogl VeV DD implant to form

SRR Ly ?:FO‘RE; ﬁé acgéceﬁl?%tti{é ﬁn\)%és %Jlﬁtﬁﬁﬁi&' Bl t g . LDD jegions are

contro tripping o I's¥trimmng
sdmmbhfdopbewithiAsioaP. pad oxi de | ayer 24 mould also be

stripped, thus.reduci t he . amount, o nder cut .

o ear og dur | GRS eh o NE PR patsel prlgN Biste by sipe Boron
o MBUREHEES Tre NMOSSrddOI! g thiPpOEt IOMGNReBAE BoPMRNRP
capamtance for a T- gate transi stor. Referri ng to

figure 7, we forma spacer dielectric |ayer 70 over

the SUbS”aﬁeffelm% guzéBa& Fen‘?dx%'tﬁeglg I dtﬁpg{%si%af The

preferably has a ness etmeen
spacer di el eabréquettyy ere fosn pPafes ABDyMeaskngl ovsetheafibstrate with

sil.icon |de As shown in figure 8, we
93??§%9Y%8%*@ﬂb§ 4H-the spacer dielectric layer 70

to form NMOSys mqae&oﬂa @M@@g 1§ PIIDD A8 b6 adjacent
36 and PMOS spacers 78 on P sacrificial gate

tahe TAJOS KeRRiRcIah S4te gtr eTlee Pwk@[? EeiAng ORmegergylphave a Boron
c()ﬁ&&&{lgt%nd{%g&% (T8RS I§n$gglgﬁﬁgm%opem ngs over the NMOS

area en performa S/Dinplant to form
NMOS S/ D r egVenstf@6r a paljkacientant o thh @ MOS8 es At td o PAMOS

808ty Ml Rl S e VB SO mek B2 L
havi ng openi ngs

Referring to figure 6, we remove the PMOS LDD Mask 62.

In a figure 6, in a key step (e.g., pad dielectric thinning step), we remove
the PMOS spacers 46 and NMOS spacers 50 and portions of the remaining dielectric layer
24. The etch is preferably comprised of wet etch using dilute HF.

Preferably the pad dielectric thinning step removes between 30 and 80%
of the pad dielectric thickness.

Before the thinning etch, the pad layer 24 preferably has a thickness
between S0 and 400 A. After the thinning etch, preferably the pad dielectric layer
preferably has a thickness between 20 and 120 A.

The etch of the spacers 46 and pad dielectric layer 24 is controllable
because the thickness of the pad dielectric layer 24 can be controlled to obtain the desired
thickness by the slow HF etch. The thinner layer 24 in the region not under the gate, the

lesser the undercut of the pad dielectric layer 24 in the channel oxide strip. (See figures
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over the PMOS area 11. W performa PMOS S/ D i npl ant
to form PMOS S/D regions 94 adjacent to the PMOS
sacrificial gate 32. The PMOS S/D region are
preferably doped with B with a concentration between
| E13 and 1E15 atonmfcc. 11 An S/D anneal is preferably
perfornmed to activate the dopants for both NMOS and
PMOS areas. During the anneal, the NMOS LLD 58

| aterally diffuses a distance 58A and the PMOS LDD 66
| aterally diffuses a distance 66A. D stance 66A is
normal |y greater than di stance 58A since P-type

24 6pam.s25Ce . This refence nydargyp péﬁﬂeloylcﬁﬂﬂﬁmé@ thef mtiﬁcrlaltgm 3632

n f| gure
by e CORAM ok 8 S s BRI D SRt ipalFanay,
for msilici d@fe&&r@mthhduﬁh@@idﬁtmﬁ?ﬁ@ﬂﬁppag@df ﬂN&/Eﬁs fﬁlnﬁ?ning
orm.a di el ectr

13,
:eggg%eofﬁe mﬁt?rm a‘Jn‘& ] o opiypadalrus 56d1%}6g the
aﬁh\()ﬁﬁt Jfﬂﬁd&b‘lﬁ%’éa@édedurﬁﬂ el d}'flaﬁifé‘? bn){ldé'rﬁhﬁlfal (i @uxﬁl‘ﬁ% (%','a% Fhocess.

| ayer 106 preferably has a thickness between
Tarwavadd ougore omdeghswaveilap fapaaiiaaceldr a Wezaps teavaisioze t he
PM dielectric layer 106 and at the sanme tinme can
renmove the PMOS hard mask 29 and the NMOS hard mask 30
to expose tRufeBNDB Sace 7f wetam gpher 3lddiSayer 70 over the

SERGAE e SHar e ol e TS TS NP By a8t 30 ond
Sﬁé@ﬂSTﬁ’@sﬂaB& d‘@é&nm%«ss ﬁ&te%%1¥ @aﬁpﬁée@ Bf Qﬁédé&@ﬁ:tﬁcﬁé
t he hard masks 30, 29 g., de). Referring to

figure 15, we rem)ve the PMOS sacr|f|(:| al gate 32 and

NMOS sacri f i '&é 5@1 ﬁ%‘? g \S’/e angs?tg%ﬁc?ﬂ ggﬁp Ittlp Zpat%%r4d1é168r1c layer

t hat expose port [ ons
70 &y Bnrm2 MM TR ep g et §4 opehnd Ngid‘ilghcﬁﬁaaiagaw %tdﬁdmw sgdeers 78 on

B 0RREM T 1 23S

As shown in figure 9, we form a NMOS S/D (source/drain) mask 82
having openings over the NMOS area 12.

We then perform a NMOS $/D implant to form NMOS S/D regions 86
adjacent to the NMOS sacrificial gate 36,
We then remove the NMOS S/D mask 82.

Referring to figure 10, we form a PMOS S/D mask 90 having openings
over the PMOS area 11.

We perform a PMOS S/D implant to form PMOS S/D regions 94
adjacent to the PMOS sacrificial gate 32. The PMOS S/D region are preferably doped with

B with a concentration between [E13 and 1E15 atom/ce.
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awdth | | ON The PMOS sacrificial gate 32 NMOS
sacrificial gate 36 are preferably renbved using an
etch. 12 In a channel oxide strip, we renove the
exposed portions of the bottom pad dielectric |ayer
24 in the gate openings 114 110 to expose the
substrate 10. The openings are over the channe
regi on of the subsequently formed T-gate transistors.
During the prior spacer 50,46 strip step shown in
figure 6, the initial pad oxide 24 was etched and
made t hi nner. Because of the thinner pad oxi de 24
under spacers 74,78, the undercut 111 is reduced,
hence i nprovenent of T-Gate transistor overlap
capaci tance. Overlap capacitance is created by the

overl ap bet waehDt atmaeﬁlldqn(eﬁ:m;d;olﬁex fed (ose@ume tHHc@bﬁhts for both
ext ensi on The channel oxi de

Niias s BBt Biretenmahan SIS Siiauy dufiee
dfskarnb@sso;( sl ehabhosnpey w&&rag{lmme a BRINEERsA. %F&&%A is

A of the dielectric 12 under t spacer. errin
nomlailwganfraéer 1igyn disarfee bR asigeet R tyghe dbmsr(lecg |Bayar) t)]pl&lbmilffuse
subst r te 10 in éhe gat e openi ngs 114/110. The

ﬁggfgmale?EF e é&é% is preferably conprised of a

H gh K nat erdsahowfin AgureXi des relidea thaePNIOB 1BV nfa8k 90.,
netal) gate layer 122 in the gat e openi ngs over the
gate dielectric layer 118. The (netal) gate l|ayer 122

formed by aAQéQm@mﬁ @@% Rt SBIcRICAR! o th PIRTY §Begions
of anetal, W TiIN Sl CoSi 2, NS or HFN As

a@hﬁﬁﬁ3$ﬁﬁIﬁgmms 17, we planarlze the gate |ayer 122
preferably using a chem cal -nmechanical polish (CWP)
process to forma PMOS gate 126 and a NMOS gate

As shown in figure 13, we form a dielectric layer {e.g., poly metal

dielectric (PMD) layer) 106 over the substrate. The PM (poly metal) dielectric layer 106
preferably has a thickness between 10,000 and 20,000 A.

As shown in figure 14, we planarize the PM dielectric layer 106 and at
the same time can remove the PMOS hard mask 29 and the NMOS hard mask 30 to expose
the PMOS sacrificial gate 32 NMOS sacrificial gate 36. The planarization is preferably a
chemical-mechanical polish (CMP). The CMP preferably stops on the hard masks 30,29
and then polishes off the hard masks 30,29 (e.g., nitride).

Referring to figure 15, we remove the PMOS sacrificial gate 32 and
NMOS sacrificial gate 36 to for gate openings 114,110 that expose portions of the bottom
pad dielectric layer 24. The gate opening 114 has a width 114W. The gate opening 110 has
awidth [10W. The PMOS sacrificial gate 32 NMOS sacrificial gate 36 are preferably

removed using an etch.
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130. The PMOS gate 126 is narrower than the NMOS gate
130 because of the enhanced oxidation of the PMOS
sacrificial gate 32 during the trinmmng step. 13 For
exanpl e the PMOS gate 126 can have a width 126W
between 100 and 3500 A and nore preferably between
250 and 1200 A. The NMOS gate 130 can have a width
130W bet ween 100 and 3500 A and nore preferably

bet ween 450 and 1300 A. The di stance 140 between the
LDDs is preferably between about 100 and 3500 A and
nore preferably between 450 and 1300 A. The distance
142 bet ween lo BehannpiDsidsstiip, Wi iefmerableyxbesedpenioapolihe bottom

1SR 1R RS e B, S tbty SRR sl Wabuw
opatingseane (wir e chaatred &)ich2(d tianab& et famtled D& ete transistors.

preferably between (narrower range) 450 and 1300 A
The PMOS gate 126 preferably has a w dth 126W bet ween

(wi de range)DRQ tasho3 40Rer50, 808iPRIE sRE BIBRLY6, the initial pad
bet ween (narrower range) 250 and 1200 A. NOTE | nvent or

oxidg 28 a4 ctebprsudamadsdhinndieBrvns efahethiingt prdiRély PAngdes spacers
747 JRIARYER 1R AR RS RGP

cdR6Milrics. Qveehap calzkyarbeisveencdby hadvatpYetvaden dwes/Dt(aadior SDE
the the NNCSR%S%§1MAdth 130Wand is nost preferably

($98fReLn xLe 9% ar r ower . Exanpl e features of the

first enbodim@han}epox@aeoﬁﬂ;% RBYreRA®) 54 GREHFRan. form a
narrower PMOS gate 126 by that could include, for

exanpl e: Refléeiiolgpic shanngleradestrip heeferntly phduents il ey between
2074 EMBoseck i cﬁél@étri@?j fnder the spacer.

Referring to figure 16, we form a gate dielectric layer 118 on the
substrate 10 in the gate openings 114,110,

The gate dielectric layer is preferably comprised of a High K material
or an oxide.

Then we form a (e.g., metal) gate layer 122 in the gate openings over
the gate dielectric layer 118.

The (metal) gate layer 122 formed by a CVD process and is preferably
comprised of a metal, W, TiN, TiSi;, CoSi;, NiSior HfN.

As shown in figure 17, we planarize the gate layer 122 preferably using
a chemical-mechanical polish (CMP) process to form a PMOS gate 126 and a NMOS gate
130.

The PMOS gate 126 is narrower than the NMOS gate 130 because of
the enhanced oxidation of the PMOS sacrifictal gate 32 during the trimming step.

13




32 to using increase the oxidation rate of the PMOS
sacrificial gate 32 with respect to the NMOS
sacrificial gate 26. Poly with Ge doping has increase
oxidation rate of about 2.4 tinmes that of poly
silicon. Referring to figure 3, the oxidation of the
partially anorphous PMOS dummy gate 32 to narrow or
trimthe sacrificial PMOS gate 32. The PMOS spacers 46
are wi der than the NMOS spacers 50. Therefore the PMOS
LDD regions are spaced w der apart than the NMOS LDD
region (See figures 4 and 5). The increased spacing

14 The subs e‘afereeﬁﬁmyfeﬁhﬁi’ri’é@sm 2§eveie hawea pddth d%W\Mween 100
&n'&%'ﬁoé }%eang &%&l%gg\ﬁ/}@é} % cf ?2dUSAt lﬁﬁé N%g E% tl% Zan have

contro rlppl |str|nmn
seith tHVE ktrms:ndﬁ)o tahréB 5091 A il mp&dpreﬁeradb@ Eb@xyefm B4 moubed A.

O T MAE T T o

408 506! ANAd Gt € preir @I £ B&wed A ) w I hol APTRY @ stafce @ between the
e overlap capacitance for a T-gate transistor. I11.
830600 ekelaBbly heptAsERREi 00 SEBT0C AR MaHGFarDischcitecn 250
gatseodiagures 1 to 14 and figures 18 to 23 show an
enbodl ment with an optional dual work function netal
gat e processTlid MWOSTinee Efthoedicrabhyt hdsarwdtht MOW ygesemofwide

At E0B RS s T D e bR 5 1400 A
mefmos NatdTElErefehdly RAVRSigAtIe 6 Rl Betwibe(WRICGRES fdoowhd 3400 A

is basically the sane as the first enbodi nent as shown

e nqrgpfesatly behwean (nREP e RRgE) 260 fangu P AGNORE Ippeprigra- please
M uRel ﬁkﬁﬁs SkidR9 v
e R e, PR bR P e e B AR PRSI wian
@@Nﬂbfhesme Obﬂhe ghte Spacess). st .
For example, the PMOS gate width 126W is preferably between 3
and 50 % narrower than the the NMOS gate width 130W and 1s most preferably between 5

and 30 % narrower.

Example features of the first embodiment
The embodiment has steps that form a narrower PMOS gate 126 by that
could include, for example:

3 Referring to figure 2, the amorphous implant of PMOS sacrificial gate
32to using increase the oxidation rate of the PMOS sacrificial gate 32 with respect to
the NMOS sacrificial gate 26. Poly with Ge doping has increase oxidation rate of
about 2.4 times that of poly silicon.

""" Referring to figure 3, the oxidation of the partially amorphous PMOS

dummy gate 32 to narrow or trim the sacrificial PMOS gate 32. The PMOS spacers 46

are wider than the NMOS spacers 50. Therefore the PMOS LDD regions are spaced

wider apart than the NMOS LDD region (See figures 4 and 5). The increased spacing
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As shown in figure 18, we renove the PMOS sacrifici al
gate 32 and portions of the bottom pad dielectric

| ayer 24 to forma PMOS gate openings 202 that

exposes portions of the bottom pad dielectric |ayer
24. Then we renove the exposed portions of the bottom
pad dielectric layer 24 in the PMOS gate openi ngs
202. As noted above in the description of the first
exanpl e enbodi nent, the undercut 11 1 is snmal

because the pad dielectric was thinned in an earlier
etch step. 15 Referring to figure 19, we forma PMOS
gate dielectric |ayer 204 over the substrate in the
gate openings 202. W then forma first netal |ayer
208 filling the PMOS gate openings 202. The first
nmetal |ayer 208 is preferably conprised

Ti Si 2, CoSi 2, Thrsuipeagiently fﬁﬁeeq\‘/ INEP expd 4| lsﬁ?l'é?“é‘i’ éhfnl {pehdos
qfhggm wor k function. As shown |n figure 20, me
planarize the first nmetal |ayer 208 to form

gate 212 in ﬁh@atwh@faw@ﬂ%&&rﬁOﬁ@éld%ztﬂmﬁ%O?Lﬂl? %‘tf’ trimming

NBE@RE sdndVBickiess @GS gl ox @D &)E:CAl wd¥REY: GRipped, thus

pol i shed (CMP) stopping on the PMdielectric [aye |

10¢ucimdhequAEPigdety gieated Juringdhe dpipe KoNIOB IR6T éwe'ﬁy gate
5kes 2 s R IdNBlprod o NYPS a@@b&hﬁ@ﬁﬂhﬁﬁaﬂgﬂa@?&Eyﬁﬂ%uﬁ. |
MOS area 12. Tﬁen we renmove the NMOS sacrificial gate

36 and portions of the bottom pad dielectric |ayer 24

to forma NMOS gate openings 224 that expose portions

ofil. t MRedatixampragnididahatt il lvapefundfon ritthisgguent |y,

we renove the exposed portions of the bottom pad

di el ectric | &jares24o PhanddeunvbS it oy parsinpgdimppigyithas
| (gag\gfr‘]l(ﬂ Sgaéf\ﬂg\g/gi:uﬁct%a mel§ g£t9 En%l:@s HB@ST Hc?én@ooq]n%ln%hﬁs! %o types of

gate comprised of different materials. For example, figure 23 shows a NMOS gate 240

that can be made of a different metal than PMOS gate 212.
The process flow is basically the same as the first embodiment as shown

in figures 1 to 14.

Referring to figure 18, we form a PMOS poly etch mask 200 having an
PMOS poly opening over the PMOS area 11. The etch mask 200 is preferably comprised
of photoresist.

As shown in figure 18, we remove the PMOS sacrificial gate 32 and
portions of the bottom pad dielectric layer 24 to form a PMOS gate openings 202 that
exposes portions of the bottom pad dielectric layer 24.

Then we remove the exposed portions of the bottom pad dielectric layer
24 in file PMOS gate openings 202. As noted above in the description of the first example
embodiment, the undercut 111 is small because the pad dielectric was thinned in an earlier

etch step.
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the substrate in the gate openings 202. W form a
second netal |ayer 234 over the NMOS gate dielectric
layer 230 and filling the NMOS gate openi ngs 224. W
then planarize the second netal |layer 234 to forma
NMOS gate 240 in the NMOS gate openings 224. The
second netal layer 234 is preferably planarized by a
chem cal - mechani cal polish (CVW) process stoppihng on
the dielectric layer 106. 16 The second netal |ayer
234 preferably is conprised of a different netal
conposition than the first nmetal |ayer. Preferably the
NMOS gate 24 nd the P e 2 av i.f f erent

work fanct  onstrees SPIbIy FIRAKERAHE SR 201 over
chepibiisedinofe @atermt@ngsai02t hat has a | ower work
function than the PMOS gate 212. Preferably the NMOS
gate 240 is conprised of a netal that has a | ower

wor k functi owd thanfotrhe fiRVRBabaye 228 AllinPriePdi@dbate tfeings

NS g AP o EEk Shmdfsel b vad Nty L or s

| TRl fanthethl prefesqbiy ke rSdgiwivbil fidicticngen. The PMOS gate
212 can be conprised of materials simlar to the NMOS
gate. W TiN, TiSi2, CoSi2, or NNSi or other netals.
The PMOS gat e\s2idvi ia figade20Wed plhmdine the arshNvMEX 1gad @0R2d0orm a

DY Bl g0 20 Fronipee N TP A RYoG D FEgFroly

echamRbEemédneni EVESigal @ M iopping bawne Pal diklddhc hedrvieen 100
and 3400A and the NMOS gate 240 can have a width
bet ween 100 and 3500 A. For exanple, the PMOS gate
width is preferably between 5 and 50 % narrower than

Lhe WO G2t g b A1, 300 b Rt Rl BLaL Y LR, o
SEOMOSeaRageBNLS! H@F Me NWVESS aks 12.

Then we remove the NMOS sacrificial gate 36 and portions of the
bottom pad dielectric layer 24 to form a NMOS gate openings 224 that expose portions of
the bottom pad dielectric layer 24.

Subsequently, we remove the exposed portions of the bottom pad

dielectric layer 24 in the NMOS gate openings 224,

As shown in figure 22, we form a NMOS gate dielectric layer 230 over
the substrate in the gate openings 202.

We form a second metal layer 234 over the NMOS gate dielectric layer
230 and filling the NMOS gate openings 224.

We then planarize the second metal layer 234 to form a NMOS gate 240
in the NMOS gate openings 224. The second metal layer 234 is preferably planarized by

a chemical-mechanical polish (CMP) process stopping on the dielectric layer 106.

16




PMOS devices different offset spacer wi dths (PMOS

spacers 46 vs NMOS spacers 50) using selective

oxi dati on. The enbodi nment inproves short channel

effects for PMOS Tx due to reduction of |ateral

di ffusion of the boron. The enbodi nents can extend the

[imtation of |ithography via oxidation trinmng of

sacrificial gates. Sone aspects of the enbodinments

can reduced gate overlap capacitance for a T-Gate

transistor via a replacenent gate process flow

Reduci ng undercut of pad dielectric |layer - reduce

devi ce capacitance Steps show ng excessive

undercutting 17 Figures 24A thru 24C show an exanpl e

process knowgpf Q.bREmdNERE PHSrerbBQY i AdMbEiL8Sr PHirRfent metal

art) that shows a problem of etch undercutting the pad

diogipedtiqn than thy st metgdayeespeci al |y figure 24C). Figure

24A shows a @%@er%l?lh@‘ﬁf\ﬁ@@ ét@yﬁﬁf and 4tk lil\jf@fs &y @12(:@[\/(1: Xxfferent

has a thickness (A % bet ween %

pagdk ﬁ:r@h@@tﬁrﬁ@rabbzy@ NMQE gatg 249 gﬁm)wamegi 0{ hi“é‘l@é?’ thaﬁ éﬁs a 10W6r

t I8

et ARG B e PR A Ay O B 3 e T rised of 4

pn@@lel%ghaﬂaiowammhﬁmct@ tbmh@PPéDécgﬂﬂﬁﬂéQI ayer of the

enbodi nent preferably has a thickness between 50 and

200 A. A sacrificial gate 330 is forned on the pad

di el ectric | &yedgrablRee AIMPH gate 4K is gunisodd W sPible €15%, 87342,
d di [ P

3 PR gLk B 8 GGk e o flreq ¥, The

zlzl@Stghne 28acmibk pgrmaﬂlse@ af mat@3ds similarembe 8MPhsayate TiN, TiSh,

o&)egwi Q)g ?%mth@ @ald N @ problem causing step, the pad

ox1 d BI over the channel region is removed using a

wet etch. The etch renobves a wwdth E of pad oxide 324

underneath the.s QW ge 14 nﬁp;g\ger%ﬂlttﬁ‘e Evfs QA6 b3ase of

renmoved is typlc
the enhanced oxidation of the PMOS c,ac:rificial gate 32 during the tmming step.

For example the PMOS gate 212 can have a width between 100 and
3400A and the NMOS gate 240 can have a width between 100 and 3500 A.
For example, the PMOS gate width is preferably between 5 and 50 %

narrower than the NMOS gate width and is most preferably between 5 and 30 % narrower.

Some aspects of the first and second embodiments form NMOS and
PMOS devices different offset spacer widths (PMOS spacers 46 vs NMOS spacers 50)
using selective oxidation. The embodiment improves short channel effects for PMOS Tx
due to reduction of lateral diffusion of the boron. The embodiments can extend the
limitation of lithography via oxidation trimming of sacrificial gates. Some aspects of the
embodiments can reduced gate overlap capacitance for a T-Gate transistor via a

replacement gate process flow.

Reducing undercut of pad dielectric layer — reduce device capacitance

Steps showing excessive undercutting
17




and 400 A. An isotropic etch can renove about the sane
anount |aterally as vertically. Figure 24D shows the
device with further processing. A gate dielectric

| ayer 318 and gate 326 are forned. The device has nore
gate overl ap capacitance because the undercut E

all ows a bigger area of LDD and S/ D regi on under the
gate. Enbodi nent's steps showi ng | ess under cut

Referring to figure 25A-1 (also see figure 6), the

PMOS and/ or NMOS spacers 50 are fornmed on the
sacrificial gate 36. The hard mask 30 is over the
sacrificial :

o bot h PNCS Aa B aes See” T Epl PRECs Rl ARAkventor
2B-@mitted panr @iifetiheens e 'prbinoeess, unﬂw!aflngésw radelislectricHayer
Y l -
(e SR P LAty PR S AR R b picany
paedl a@hl@dne&st(A ioc BuofdetrweehedSgad 604 24B) rhddiclctrihiaykmiddss C

f .
oyt A P B LS e o
t pudy gelt is peedad byethe B*valpﬂraidomssel lecomtiagt, ¢ pidnimlevgricdtysh of han
haV eog%lctnp?reiléra%@%&pa Pnctly\@sg gct%}gmagm né %80 A Af ter t he

I"ayer |nn|ng step, the
pad di el ect rAt wciifaya gae 2300 f@mes od éetphddigladric fayen al

gate has a t k e S g é%rg r2§]f§ %c% gQ g%\’fg}f{%}d 'ﬁ]%(;n/? a%ﬁgec?rg)co/f’ayer

and nore pre eraﬂV@ wéen B
thgcwwﬁ®3ﬁﬁxommbhad1mhmhmmﬂhmcmad di el ectric | ayer

(24B) (e.g., der t S at e But hecaus
the . th nned S th ST BRBATC: e et e oo BnAER T B8

sqaceg 374, the lateral etch rate is slomer and

t her ef .or e l eég{(gpderﬂ%item C":ﬁ.leSIUer {epﬂg ?'lod OtXh %5?0\&?%6 Cgﬂmei

sacrificial N e oV
Zégowanmhh&dohagmektmﬂgTbmmdSmnmwnmeﬂdmghﬂgmeMMH324

SR ASHER TG el £t ph@ it F bR Bl R s0

r eido408dA. i Ao tsypipdadtéhycab edrwe nb@ 0 thanand 20oult lagrdly moretically.

preferably b?“ll gureeﬂiD S%ows 916 ]dewce with further processing. A gate dielectric
layer 318 and gate 326 are formed. 'The device has more gate overlap capacitance because

the undercut E allows a bigger area of LDD and S/I) region under the gate.

Embodiment’s steps showing less undercut
Referring to figure 25A-1 (also see figure 6), the PMOS and/or NMOS

spacers 50 are formed on the sacrificial gate 36. The hard mask 30 is over the sacrificial
gate 36. The steps described below apply to both PMOS and NMOS devices.

Referring to figure 25A-2, in an embodiment’s process, in a key step,
the pad dielectric 24 is etched back and thinned during the pad dielectric thinning step. For

example, the pad dielectric under the gate (24B) has a thickness C of between 50 and 400
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Usual Iy, an isotropic etch can renove about the sane
anount |aterally as vertically. But because of a

thi nner |ayer 24A (thickness D), the lateral etch rate
is slower than the vertical etch rate. Figure 25D
shows the device with further processing. A gate
dielectric layer 118 and gate 130 are formed. The
enbodi ment' s steps reduce undercut (e.g., width F)

(1 ess space between the gate and S/D )and thus reduce
capaci tance (Coven ). The above advant ages and
features are of representative enbodi nents only, and
are not exhaustive and/or exclusive. They are
presented only to assist in understanding the

i K‘Xﬁ%(@)r@?rcférﬁb]ﬁw&q N nde RSt RRG.l hRlectibeya @ﬁt@xd@@)‘é gate,

representative of the i nventions defined

il the padk dielesericctbinging 84cBdcani vy ¢ hithickprss Bnbatwigeni 19\9%%%%%

as defined ByetdeefbifEis 2l dletddirkadePRHnR step, the pad
equi val ents to the clains. For instance, sone of

tchdderericdlaves ddg estsidaife seerifginleifd asaoheknss o pesfayadly pptween

that L&y, Q%HﬂﬁﬁeB%&&%HH%E@Q@@@%&XéGﬁhﬁ%ﬁ@&u&&m@Cofme
single enbodinent. Simlarly, sone advantages are

ap]mlwémaé dielscioindayers PéB (cof. undaethp pageifieiplgiie). fivgibecause the
I pﬂ?ﬁi eﬂaﬁ erele@mk QB BEK § el hDERLARHE, hE Bl AbRh @a%aqg CloSer and

claimed “invention have not been di scussed
hberefore. lessiopgovadt-, no i nference should be drawn 19

regardi ng thﬁ%@nm %ﬁﬁgﬁ@%@%@ga&ld&h Lk ¥8istOndR@S RN Ak

di scussed herein than for purposes of space and
riedosidng? pepdrichinopl redion 5 FrRmabbven reweeiPt Therrtaueres vh3

8191?1'84)&/ 1&(11 %tf?%id é(l(ﬂ:rﬁ/\%hcrtlpdtiﬂ fe %Qé}s appe &;héﬂ"# Jrak s 24

pressure settings, t ICkﬂES§€S etc. In order to
provicdes apivghecttron dligh! 1%@@@@@@@@@% beteepfadr0 A.

' @Qﬁgw L9 ﬁotréptl(hé%}l Aah 1 DELRRVL QN Gre sDOVEY Gt lategilig RevS#dahil ashe

present I nvention ma
preaetsé efedhinierhayat 24%@@@1«1@@1;1%)& {hg latgry ephpige ;9,9@@3@@@@6 vertical
wgﬁ;m%nomn process have not been described in detai

in order to not unnecessarily obscure the present
i nventi on. Figure 25D shows the device with further processing. A gate dielectric

layer 118 and gate 130 are formed. The embodiment’s steps reduce undercut (e.g., width

F) (less space between the gate and S/D )and thus reduce capacitance (Coven).

The above advantages and features are of representative embodiments
only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not representative of all
the inventions defined by the claims, to be considered limitations on the invention as
defined by the claims, or limitations on equivalents to the claims. For instance, some of
these advantages may be mutually contradictory, in that they cannot be simultaneously
present in a single embodiment. Similarly, some advantages are applicable to one aspect of
the invention, and inapplicable to others. Furthermore, certain aspects of the claimed

invention have not been discussed herein. However, no inference should be drawn
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G ven the variety of enbodinents of the present

i nvention just described, the above description and

illustrations show not be taken as limting the scope

of the present invention defined by the clains. Wile

the invention has been particularly shown and

described with reference to the preferred enbodi nents

thereof, it will be understood by those skilled in

the art that various changes in formand details may

be made w thout departing fromthe spirit and scope

of the invention. It is intended to cover various

r;% rfh %%&e%%u%@&’ Re?félmrélﬂfve t(fﬁl[)%%?ﬂ?(:ﬂg gd g&&‘lrl othel than for
res e scope o e appende

tWEW®ﬂnﬁ@mEh@mhd¢mE%raw@omded t he broadest

interpretation so as to enconpass all such

nodi fications and simlar arrangenents and

procedures. 20 Wat is clained is: 1. A nethod of

];?br ;? a¥ Io?nm ?1 th% Esltmtdgscngt onn mefj p%g]flg ?%{SI © scgfo‘?tk SRY as

sfiléw oo, ;lremml*ammm thalyesseg\ear, naordsubstowaiba;mcscauhdmugh

uonEd% otm ncP Ofdth eprgs(%a%nrjlmgeﬁ] i(c):% ﬁl% \g?ﬁf no%v{o'u! (t)w%vbzr ?0 Qn%ss}%;’llefp n the

satmamh&pa$m@amenmnhmpbebamﬂkmgu&nsammukudsahcgaiemMnmx

ngfg!:lphl 4 at crcgsr; hffnl;g) I}O?Q?egl%%cggpdamemlﬂ% or&?c{r] ?o n unn&fcssarﬁy obscure

tmepmﬁmtmvombd|2|ng sai d sacr|f|C|aI gate and said

anor phous | a rm .sacr space
si de\rl)val s of Qaﬁnagesvaf@?tlyfof emg?dlmeii% (%Jthc)fpescnt uwen{]ondus%

L@&r&bﬂ@ltﬁdﬁbotf@deﬁ@mmbhﬁ)ﬂ itlegiatns shdy ae e takéroasS@iithg the scope

ificia [ bottom pad dielectric
tﬂﬁ% rﬁﬁméPeﬁgo ﬁﬁ“%ﬁﬁﬂ%%g“§a0r|f|0|al spacers and
renoving a t WV!@leﬂBSISV@lﬁOlSBﬂsd)ehq’iaﬁﬁ:me}ﬂﬁdl(ﬂ\jneﬂnéGisbfﬁi&d with

| r%}/e?crncg t% iﬁehggferrgé

emb (almen[nthereof it will be understood by those skilled in
the art that various changes in form and details may be made without departing from the
spirit and scope of the invention. It is intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all such modifications and similar

arrangements and procedures.

20




pad dielectric | ayer has a second thickness; @)
form ng spacers on said sacrificial gate; i)
performng a S/Dinplant to form S/ D regi ons adj acent
to said sacrificial gate; j) formng a dielectric

| ayer over said substrate; k) planarizing said
dielectric layer to expose said sacrificial gate; 1)
renmoving said sacrificial gate to forma gate opening
t hat expose an exposed portion of said bottom pad
dielectric layer; m renoving the exposed portion of

Wh%"t—l&sdclgi% 1|)'Sn pad dielectric layer in said gate
Openi Ng; formng a gate dielectric |ayer on said

substrate that is exposed in said gate opening; 0)
formng a gate in said gate opening over said gate
dielg&%rhéﬂla yer. 21 2, The nmethod of claim1l wherein
L. A pethed shigbrisftiRneba sepiconrdcton deviss sarnpaisEISeweps @f
| ayaa ffotrﬁmlgei M&ﬁﬁn %cﬁ@ﬁc@QQ{my@fanﬁ@sﬁkéﬁ; EoktRIrGKNBS S over a
sub tra ﬁg}hod of gi% Cgp E:“e n thehs cond t hi cknéss
5t 5 Fﬂ' SEPENPpAS e p&éﬂ?? as p L thickngsy ween 50 and
66%)q:fatttemanglthe; silithm clntegsng fyell heforet heetriffciallgatan 1

t) eﬁohlﬂfn Qgéc?mc?eﬂ%ggé %%81‘:;;}{1 é“notnhm[ﬂ&taﬂﬁb‘? L\%Blf\ﬁltmg ions into

rIses usi rop|
Salqlrﬁft%kﬁtﬂ?l%fgatq ti fFm W@Wprhwaéam tom pad dielectric

t hldAyrth@]gnﬁ dyﬁ@xzdfz*ﬂxﬁg bab sa@@ﬂ"raail gﬁ@ Al A8 FhoBhoRl 8 her to form
met hod of

sac B ARG @t s Tdpaits ool TRy Ba b ubst rat e w th a
PM&$ perfeamargla ADNMBpame & form LDD regions adjacent to said sacrificial

gate;

f) in a bottom pad dielectric thinning step, removing the sacrificial spacers and
removing a thickness of said bottom pad dielectric layer so that said bottom
pad dielectric layer has a second thickness;

g) forming spacers on said sacrificial gate;

i) performing a S/D implant to form S/D regions adjacent to said sacrificial
gate;

j) forming a dielectric layer over said substrate;

k) planarizing said dielectric layer to expose said sacrificial gate;

1) removing said sacrificial gate to form a gate opening that expose an exposed
portion of said bottom pad dielectric layer;

m) removing the exposed portion of said bottom pad dielectric layer in said gate
opening;

n) forming a gate dielectric layer on said substrate that is exposed in said gate
opening;

o) forming a gate in said gate opening over said gate dielectric layer.
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b) formng a bottom pad dielectric |ayer and a
polysilicon | ayer over said substrate; c) patterning
the polysilicon layer to forma PMOS sacrificial gate
and a NMOS sacrificial gate; said PMOS sacrificial
gate in said PMOS area; said NMOS sacrificial gate in
said NMOS area; d) performng a PMOS sacrificial gate
anor phi zation inplant by inplanting ions into said
PMOS sacrificial gate to form an anorphous |ayer; e)

2. Theemetiddyofakaidi Zivigraaitde RMOBdshickinédscif ahiddattenm paildlielectric

rRAQY . S 6, DM ificial gate to

lay orm NI\/%n é%%ﬁ?ﬁ?ﬁaﬁpﬂggafgers cl)%@g, dewal | s of said

NMOS sacrificial gate and PMOS sacrificial spacers on

3. Bicd@e ddSofQllaisal drhRMDR th@sddohilahrRkn&Rl saidlad HtdtViRd dielectric
lavSaen fici a#os {igéys f?]%xef‘t"hl ﬁkgr than said NMOS
aygb et vErLr SR EE P& Ty it FKeShy & NVOS LDD i pl ant

to form N-LDD regions adjacent to said NMOS

crifi o | : . . _ s

« SRR RSS! ST EURRADRARL A, s
corspEpeS LA AN ff@twpioetch) in a bottom pad diel ectric

thinning step, renoving the PMOS sacrificial spacers

nd the N .sacrifici pacers and repoying portions
> e%@ﬁ@&&%hwhemlaﬁﬁ%gﬂfw leleeiicythining Stapother
coripaeey ssinpas ared ebdMOS sacrificial gate and PMOS spacers
on said PMOS sacrificial gate; k) perform ng a NMOS

S/IDinplant to form NMOS S/ D regions adjacent to said
6. ANneshed of fabirichiabn gha eemiconductor device comprising steps of :

a) providing a substrate with a PMOS area and a NMOS area;

b) forming a bottom pad dielectric layer and a polysilicon layer over said
substrate;

c) patterning the polysilicon layer to form a PMOS sacrificial gate and a
NMOS sacrificial gate; said PMOS sacrificial gate in said PMOS area; said
NMOS sacrificial gate in said NMOS area;

d) performing a PMOS sacrificial gate amorphization implant by implanting
ions into said PMOS sacrificial gate to form an amorphous layer;

e) thermally oxidizing said PMOS sacrificial gate, said amorphous layer and said
NMOS sacrificial gate to form NMOS sacrificial spacers on sidewalls of
said NMOS sacrificial gate and PMOS sacrificial spacers on sidewalls of
said PMOS sacrificial gate; said PMOS sacrificial spacers are thicker than said
NMOS sacrificial spacers;

f) performing a NMOS LDD implant to form N-LDD regions adjacent to said
NMOS sacrificial gate;

g) performing a PMOS LDD implant form to P-LDD regions adjacent to said
PMOS sacrificial gate;
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1) performng a PMOS S/Dinplant to form PMOS S/D
regions adjacent to said PMOS sacrificial gate; m
formng a dielectric |ayer over said substrate; n)

pl anarizing said dielectric | ayer to expose said PMOS
sacrificial gate and said NMOS sacrificial gate; 0)
renmovi ng said PMOS sacrificial gate and NMOS

sacrificial gate to form gate openings that expose
portions of said bottompad dielectric |ayer; p)

r eri@vihmdadthnn erpelddctporthinoisg step seihthvidet thenPldb sacrificial

spage | gt Ph'e%l{d@segaahﬂcﬁ%}gacg?st dnd Pe%')EU E%f.)o%t?onesxcﬁofﬁ% L3ALS pad

strate at e ‘openi ngs
dlelﬁceﬁce‘@isfﬁli:c | ayer on said substrate that is exposed in

saijflf gatifg NPIEH dHérsioh Jad INIDSaaBMSA N%‘t@ ah8l PNIOS spacers

231@ gnln i.n, said PMOS area and a gate int
O“g"ﬁfl @r?ia figigl gale’d NMOS area. 7. The method of claim
6 Vityereefurnting a IS SHUD iihipldralito arhe NMIO6 ST adei @ adjacent to

saiﬁweﬁtsafﬁﬁﬁg LS g,s inplanting Si or Ge ions at an

e€’n sacrificial gate. 8. The nethod
of (‘cpatfmrelr\@rﬁ BM@SJSJ.’ Rempdoxgpiises PMQF A Bregionsweljdcent to

Salapmggagm%re@ and a p-well in said NMOS area in
sai d_substrat The nmet hod of claim 6 wherein said

t henPhBuag &rdiel P%tff*él Ay AVEF 8a1dsEbHEReen 100 and 500%
t hi @Kﬂﬁn&rﬁlﬂﬁg thiel A rdAs|drftbGixbseSRACBMIDS d4brifithg cate and

@% % f§mt6 wherein said polysilicon layer is
SBH OS5 Snd Ge. 23 11. The nethod of claim 6
wher)eemosaigisadid PMOE padifiiial gate and NNPBsaimfidalemtd)o fem
S fh AfexBXd ~ 0 and
gaté A %131? loxB %ﬁ%%gﬂ% p-eé?la b&)wgsm&? ale?&ﬁgg@%eﬁ
pol B)SEMO¥e ﬂ"wopﬁg%p@rtms(pﬁ faigldottom pad dielectric layer in said gate
openings to expose said substrate in said gate openings;
q) forming a gate dielectric layer on said substrate that is exposed in said gate
openings;
r} forming a PMOS gate in the gate opening in said PMOS area and a NMOS
gate in the gate opening in said NMOS area.

7. The method of claim 6 wherein the PMOS sacrificial gate amorphization implant

comprises implanting Si or Ge ions at an angle into said PMOS sacrificial gate.

8. The method of claim 6 which further comprises: forming a n-well in said PMOS area
and a p-well in said NMOS area in said substrate.

9. The method of claim 6 wherein said the PMOS sacrificial spacers are between 100
and 500% thicker than the NMOS sacrificial spacers.

10. The method of claim 6 wherein said polysilicon layer is comprised of Si and Ge.
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bet ween 1000 and 2000 A. 13. The nethod of claim§®6
wherein said NMOS sacrificial spacers have thickness
bet ween 50 and 2500 A and said PMOS sacrificial
spacers have a thickness between 100 and 5000 A. 14.
The nethod of claim6 wherein said NMOS gate or said
PMOS gate is formed by a CVD process and is conprised

11 Fedn o orPlgi e &R EheptiPor e Pod e FRRE i B9 b e
annpnh@ﬁoﬁwmdkandﬁﬁsmhhmknﬁﬁ&hewbat5@&m@é@]ALeIectr|c

thinning step renoves between 30 and 90% of the
bottom pad dielectric thickness. 16. The nethod of

12.dihgimetbodins chiim @ waersin tlonpoadiligrelaaer hpza thhrkrdsag

bet$ic@R 1080MBNE 3000 At ween 50 and 66% of the bottom pad
dielectric thickness. 17. The nethod of claim®6

wherein in step h), before the bottom pad dielectric
13.tThiennéthgdsif erimt herhboatin eard MdBIE elceiictal spd@yeliaveahickness

betWe&ﬁﬁﬁ%]% %%-%Ib\g@%ﬁd galdWC)éOSg?IPﬁ@ Qldsspa%(grts 1av£ h%hlcgnéssrgetween 100

i Anin 0%8d portion
andﬁ@ﬂb@tton1pad dielectric |ayer has a thlckness
bet ween 20 and 120 A. 18. The nethod of claim®6

wherein ep h) after the bottom pad dielectric

14. tTﬁieﬁﬂ?th@d cg‘tc avheseinsaid WMQT sieor stiRd Mo sis b%\f@rmed by a

CV(E) pf(ﬁé‘tsrdrﬁi isa:m{ a8 ol atrhiteliabesgedaai fﬁ@ﬁﬂth%% N%pl codd&ing of
%911 h? 4 g %@ &3C4ﬁ§ﬂ§§ wherei n said gat e

meﬁa&s WAt B0 PR o5 4 %of a width of said NMOS

gate. 20 The nmethod of claim6 wherein said PMOS gate

15. I'Tiﬁ% rﬂetgbgtd'f cﬁ?ﬁl"@%ﬁolgnﬁgge 15%?/819 adl d1¥\1'egtlrﬁ tﬂfnn%‘?g gteb'%oves

I'IC

befg\é?ﬁ-ﬂ&@ REGAGy obdyibostorb Rt Higl ?Féﬂsf lipknass:

16. The method of claim 6 wherein the bottom pad dielectric thinning step removes

between 50 and 66% of the bottom pad dielectric thickness.

17. The method of claim 6 wherein in step h), before the bottom pad dielectric

thinning step, the bottom pad dielectric layer has a thickness between 50 and 400 A and
after the bottom pad dielectric thinning step, an exposed portion of the bottom pad
dielectric layer has a thickness between 20 and 120 A.

18. The method of claim 6 wherein in step h), after the bottom pad dielectric thinning
step, an exposed portion of the bottom pad dielectric layer has a thickness between 20 and

120 A.

19. The method of claim 6 wherein said PMOS gate has a width between 5 and 30% of a
width of said NMOS gate.

20. The method of claim 6 wherein said PMOS gate has a width between 5 and 50% of a
width of said NMOS gate.
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a) formng a n-well in PMOS area and a p-well in a
NMOS area in a substrate; b) formng isolation
regions in said substrate; c) formng a bottom pad
dielectric layer, a polysilicon |ayer and a hard nask
| ayer over said substrate; d) patterning the
polysilicon Iayer and the hard nmask layer to forma

t P har d. Kk . N
PR ATl Sh ) G P PR B v
PI\/CE fresingoy Brwethien BME3T ame endliat i veall iopelNMIQS excerintaheibstrate;
N% f@{'@x% 1sz)l)at1BﬁrrE%10HEﬂl E ﬁéc‘fe{ lef icial gat e

anor phi zat l'anting ions into said
PNCE IGHE I 'evtéqmgadedl? o layeina @ebrspirondayeyed a hard mask
1ay@h@ﬁ@b;md febsteapd.ant i ncreases an oxi dation rat e of t he

rlflc al e re
t hethtrahin e ol Eiand Heat e e sk | gk 4o dvan 4 PMOS
sadifo] gaiey a PMO&hagdteskoa NMOSsMiIEislgrate ind NAVMOS hard
ma% acers on sidewalls of said NMOS sacrificial gate and
sacrificial spacers on sidewalls of said PMOS
sacelifprmoing a M@ maskioyeriesubseatervich an opsairgrayeatlee PMOS area;

t hi FolRanP KRS s NMES -3 g&tel afn'l&g% zaTORGRA ant' fnﬁﬁiﬂhﬁﬂg ions
a N bgDR)t‘%b verthe subst e Wth

intg g RIVEECF gafe tp forgrn amw@o‘as RS nﬁlﬂeam
implant ﬁfcmdkled_ﬁDoklelgtzOﬂ satedjf dce AMODspifidial Y5

sacy IfICI | gat rformng a pocket inplant in
sai ? gﬂ C@‘P@n&%{ pocket NMOS region; 1)

r enlm)\/téesaalély N&@lh@@am@ﬂowcmbcm g@teanﬁwm(}_ﬂiacmsial gate to

forBYRMOH 8a SHRSA RhEerWoh i ARy ARGR AR R¥ADS bigi MG ate
and PMOS sacrificial spacers on sidewalls of said PMOS sacrificial gate;
said PMOS sacrificial spacers are thicker than said NMOS sacrificial spacers;

i) forming a NMOS LDD Mask over the substrate with an opening over the
NMOS area;

i) performing a NMOS LDD implant to form N-LDD regions adjacent to said
NMOS sacrificial gate;

k) performing a pocket implant in said NMOS area to form a pocket NMOS
region;

1) remove said NMOS LDD Mask;

m) forming a PMOS LDD Mask over the substrate with an opening over the PMOS

area;
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area; 25 n) performng a PMOS LDD inplant to form
P-LDD regions adjacent to said PMOS sacrificial gate;
o) performng a pocket inplant in said PMOS area to
forma PMOS pocket regions; p) renoving said PMOS LDD
mask; ) in a bottom pad thinning dielectric |ayer
step, renoving the PMOS sacrificial spacers and NI\/EB

tsﬁgﬂb‘;(ll fdg%luﬁggqﬁ\g[l E ecﬁ ﬁét'tg ?or%?ol?@g) R irotng% bacglétrto said PMOS

sactificlabgatei c | ayer over the subst rate; s)
ani I r
n ?) deRR I\/% Eé)ggggghg%aﬁﬁh@ams e t? Bk ﬁ Pll\g?g pocket

t rmN saild NMOS sacrificia
regIN® PMOS spacers on said PMOS sacrificial gate; t)

fﬁéjx@gq@mg\mdm}jmkpg an openi ng over said

Ig/a%)dtto% 85@ tgmné%%%{e?cicg Slver Bﬁﬂ%?érxgo%pg ?rrefcllglg[ﬁs sacrificial
Spagatsand/NM@ﬁmnrﬁg:léapdcm Strbonimglexpwped portiong o the bottom pad

dleP l%,g)f mask havi ng an openi ng over said PMOS area;
performng a PMOS S/D inplant to form PMOS S/ D

r egﬁ SPNIAG] aa%f@ﬁ@r %iegailfdlaywml shepibstigtel gate; y)
r er@}\éh%t iANPMESi Eeer@zel@fﬂi‘ﬁ%ﬁé}go $@1}r% I\ll\éIOISO rg)&tcers on said
N e e R
sai )l fNiDBg 3/ W%Bﬂ@snafﬂdqaéhg atMpBn Blgldree ghioMTMOS area;
u) performing a NMOS S/D implant to form NMOS S/D regions adjacent to said
NMOS sacrificial gate;
v) removing said NMOS S/D mask;
w) forming a PMOS 5/D mask having an opening over said PMOS area;
x) performing a PMOS S/D implant to form PMOS S/D regions adjacent to said
PMOS sacrificial gate;
y) removing said PMOS S/D mask;
z) annealing said substrate to activate dopants in said PMOS S/D regions and said
NMOS S/D regions;
aa) forming suicide on said PMOS S/D regions and said NMOS S/D regions;
bb) forming a dielectric layer over said substrate;
cc) planarizing said dielectric layer to remove said PMOS hard mask and said NMOS
hard mask to expose said PMOS sacrificial gate and said NMOS sacrificial gate;
dd) removing said PMOS sacrificial gate and said NMOS sacrificial gate to form gate
openings that expose portions of said bottom pad dielectric layer;
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bb) form ng a dielectric |layer over said substrate;

cc) planarizing said dielectric |layer to renpove said

PMOS hard mask and said NMOS hard nask to expose said

PMOS sacrificial gate and said NMOS sacrificial gate;

dd) renoving said PMOS sacrificial gate and said NMOS
sacrificial gate to formgate openings that expose

portions of said bottompad dielectric |ayer; 26 ee)

renmovi ng the exposed portions of said bottom pad

di elepeempeingdireexposedgiadtigas ef sagpenitagspacddiekposelagai th said gate

ope?n‘x‘xl? {o og{sﬁabgbg?s&@;@%a @5 %Qéﬁlg%sf orming a gate

ect ayer on said is exposed in
sai é) QHYES %S@ﬁlqﬁ@@ef“@d?ﬁ“dﬂﬁaﬁb s@s@%%thaéyfeexweqi in said gate

opeddhgh;gate dielectric layer in said gate openings; and

hh) I anar|2|n a|d ate.layer .to forma .P e .
ﬁ Gete Bt of R iR B isRoRARNR Sahbgr fpenings; and
s a| Idﬂ)l}limrmg pditl gatd lagpaefosmiralQhgatk aeds NbEDSweate.
50 and 500 A and said PMOS sacrificial spacers have a
t hi ckness between 100 and 500 A 23. The nethod of
22. dhaimpgthed whelain A1 gehereinmiPMEOS serifigiel swlacesdwer shigkeess

beta@teg«e@@ @m%@@m 508%MDEeh s AaR @erélM@@e éaﬁfckﬁé@&kween 100
aniﬁﬁh/ 24. The nmet hod of claim?21 wherein sa

|I|con | ayer is conprised of Si and Ce. 25. The
nmet hod of claim 21 wherein said bottom pad dielectric

23. ITﬁX %&et"{od %E glt”c)l V\Iéérl] refns eg% 89%&’19[?%5‘15 Hglﬁgt }F]aocgrs gre between
100c1rai 34024 widhesrtbam thenll I\@@S yadqrifidcdphegrer has a t hi ckness

bet ween 1000 and 2000 A. 27. The nmet hod of claim 21
wher ei ai.d l.ayer forne a CVD process and is
24. Ebﬁﬁfﬁ@f@@% Oéfﬂagn.%i vdhrgin saiql B@bféglcpﬁ aer H%C‘QPBUE;@C? of Si and Ge.
consisting of netal, W TiN, TiSi2,
25. The method of claim 21 wherein said bottom pad dielectric layer in step c) comprised
of oxide and has a thickness between 50 and 400 A.

26. The method of claim 21 wherein the polysilicon layer has a thickness
between 1000 and 2000 A.

27. The method of claim 21 wherein said gate layer formed by a CVD process and is
comprised of a material selected from the group consisting of metal, W, TiN, TiSi,,

CoS5i1,, NiSi and HEN.

28. The method of claim 21 wherein the bottom pad dielectric thinning step removes
between 30 and 90% of the bottom pad dielectric thickness.

29. The method of claim 21 wherein the bottom pad dielectric thinning step removes
between 50 and 66% of the bottom pad dielectric thickness.
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CoSi 2, NNSi and HN. 28. The nmethod of claim?21

wherein the bottom pad dielectric thinning step

renoves between 30 and 90% of the bottom pad

dielectric thickness. 29. The nethod of claim?21

wherein the bottom pad dielectric thinning step

renoves between 50 and 66% of the bottom pad

dielectric thickness. 27 30. The nmethod of claim 21
wherein in step q), before the bottom pad dielectric

30.tNermethgd of t@[im Xhehgreirt onstpad), dickire the bottdayerd diakctic thinning

ste% hing ?%e on CP xd 4 tl":fp la {jhéig 9 Rt s BELSLen Eﬁ)eancp@dd ,$ Mhd after the

I nnl an expose
bottﬂh'@ Rysk dislecicdh a}mn@é&epr en ﬁé@@&ed neagon of memm pad dielectric layer

hadeingaies?Be@an@n Bt 12814, The net hod of claim 21
wherein in step q) after the bottom pad dielectric

thinning step, an exposed portion of the bottom pad
31. diheleethodof Ichiyraﬂlhaherant tn stkped sfteheth%eftoﬁﬂpail dleléﬂﬂrléthmmng step,

an g)%posgg% gﬁél\?\gg%h% A) o&&?ﬁ'l&f? %‘ag ptll thi Iagsﬂ Qen 20 and 120 A.

gate. 33. The nethod of claim21 wherein sald PMOS
32. G8eSnBS 3 f M1 bekMRE s R Wo@%&@ s Mld%%ﬂ\/@én 5 and 30% of a

met hod of brication of
“”i@ﬂi@gﬁﬁgéﬁgégagwlce conmprising steps of: a)

prOV|d|ng a substrate with a PNCS area and a NMOS

r bot to ric l r . and o
3. 358 e fhd o P W BE O Bk B e S A e 2fh Sgna s0% ofa
wi ﬂheofp@iCS/MM@‘égnfd ayer to forma PMOS sacrificial gat e
and a NMOS sacrificial gate; said PMOS sacrificial
ate k&t@fig PMOS area; said NMOS sacrificial gate in
34. th faPegation ofpetamaicAnAYctar PG SABPHIFING Pt e
anm)qﬁbmimgm supptastviya PRpO8 AtdaNGd PRBOBLGea; SaI d

PN% f%?r%{ﬂg a 80t%0m%%tded1te ecIr?crIrert]ygrnan%{mpgf}s%fmon ?Xyel over said substrate;

c) patterning the polysilicon layer to form a PMOS sacrificial gate and a NMOS
sacrificial gate; said PMOS sacrificial gate in said PMOS area; said NMOS sacrificial gatein
said NMOS area;

d) performing a PMOS sacrificial gate amorphization implant by implanting ions into
said PMOS sacrificial gate to form an amorphous layer;

e) thermally oxidizing said PMOS sacrificial gate, said amorphous layer and said
NMOS sacrificial gate to form NMOS sacrificial spacers on sidewalls of said NMOS
sacrificial gate and PMOS sacrificial spacers on sidewalls of said PMOS sacrificial gate; said
PMQOS sacrificial spacers are thicker than said NMOS sacrificial spacers;

f) performing a NMOS LDD implant to form N-LDD regions adjacent to said NMOS

sacrificial gate;
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e) thermally oxidizing said PMOS sacrificial gate,

sai d anor phous layer and said NMOS sacrificial gate

to form NMOS sacrificial spacers on sidewalls of said

NMOS sacrificial gate and PMOS sacrificial spacers on

sidewal I s of said PMOS sacrificial gate; said PMOS

sacrificial spacers are thicker than said NMOS

sacrificial spacers; f) perform ng a NMOS LDD i npl ant

to form N-LDD regi ons adj acent to said NMOS

sacg)ifbimireg a FM@5 L.2® glask ovei thy sstbPIviB8 wiliDamapkningsrver the PMOS
arehNe substrate with an opening over the PMOXS area; h)

performng a PMOS LDD inplant tg form P-LDD regions

adj Waeptorpyng & Pd\/loﬁl\k%%%lﬁuftu teifarm FaklaD regions aahacent to said

PMuoR §5me@aﬂ atee;\l ectric thinning step, renoving the PMOS

)R bt PR m&ﬁ@@%@?@%ﬁ%ﬁﬁﬁ%‘@%&% PQ %éééfiéial
spzmads aPNICB eSS o5 &crlﬁnlakqvai:e% sacrificial gate;

per gcent g W&\%}% sacr W@Igasfl&rl 1&{'\@3 §A9P1®?®S%E§C€ls

on éalF}MIS@Cﬁlﬁﬁpbgﬁte?t o form PMOS SD regions adj acent to
sai I‘}i BYREnSaLE NNIOK&/ T9RkSlanMo F&WN@@S?’D‘%E%&B@ la€ljacent to

Sm@mg@%ﬁ%ﬁgg g‘i‘ ngSte;Sgge g?al Sl grl\]/?)rsl giacr:lgl ?lalm al gate
andms @eﬂorﬁdm BRKDS 61 Diialplgatte foph PMOSEDYegidiMajacent to

salngitsg& AL gatgw ng an PMOS poly opening over said

n f(nmmg a dielectric layer over said substrate;

o} planarizing said dielectric layer to expose said PMOS sacrificial gate and said
NMOS sacrificial gate;

p) forming a PMOS poly etch mask having an PMOS poly opening over said
PMOS area;

q) removing said PMOS sacrificial gate and portions of said bottom pad
dielectric layer to form a PMOS gate opening that exposes portions of said
bottom pad dielectric layer;

r) removing the exposed portions of said bottom pad dielectric layer in said
PMOS gate opening to expose said substrate in said PMOS gate opening;

s) forming a PMOS gate dielectric layer over said substrate that is exposed in said
PMOS gate opening;

t) forming a first metal layer filling said PMOS gate opening;

u) planarizing said first metal layer to form a PMOS gate in said PMOS gate

opening;

29




g) renoving said PMOS sacrificial gate and portions of
said bottompad dielectric layer to forma PMOS gate
openi ng that exposes portions of said bottom pad
dielectric layer; r) renoving the exposed portions of
said bottompad dielectric layer in said PMOS gate
openi ng to expose said substrate in said PMOS gate
opening; s) formng a PMOS gate dielectric |ayer over
said substrate that is exposed in said PMOS gate
opewi fogpirtg) a NM@Splp efohrsaskietvahg hapevIis pdly ngesiigdver said
NS, gat e opening; u) planarizing said first netal
l'ayer fo forma PMXS gate in said PMOS gate opening

29 W) rerpevinagasl NMESS pearifical gataerdk PRERASGE s dpatiom pad

d1eRQhYc 1@9@1nﬂorf@r&wmms dateIRi@F gt e)@%osfe@ 5’6@}/&6}% Tahid
i ci.al n?ate and portions of said bottom pad

bo%?@lpégt‘ﬁfef@ HIRJA¥eY o form a NMOS gate opening t hat
ex px)semopmg trenscpofed podionb of samh hpdtbndped eddledtdc layetn said
e f d
RSO SIRESE FRMITE T S AT,
saiy fgrmsngfa O asite dielvis lgaeleo‘dp‘esﬁldn@tbsy)ata‘fdjuairnsmgpased in said
a@84er@hel ectric layer over said subst rat e t hat is
ex sed jn said NI\/DS gat e open] r
e R S9°qPErmegd Ry ene ﬁw%%%‘éé gafe eﬂ\ﬂ lgletiricdayer and
fﬂlir@eard NMOnglatd 15@,1 d NMOS gate opening; aa)
g at aea%r l%azllgaggzan SgrgOg]t mg%l alyﬁ)é BY Rl 2 l\h\%b@ gate 1n said NMOS

gate opening.

35. The method of claim 34 wherein said NMOS gate has a different work function
than said PMOS gate.

36. The method of claim 34 wherein said NMOS gate has a lower work function than
said PMOS gate.

37. The method of claim 34 wherein the bottom pad dielectric thinning step removes
between 30 and 90% of the bottom pad dielectric thickness.

38. The method of claim 34 wherein the bottom pad dielectric thinning step removes
between 50 and 66% of the bottom pad dielectric thickness.

39. The method of claim 34 wherein in step i), before the bottom pad dielectric thinning step,
the bottom pad dielectric layer has a thickness between 50 and 400 A and after the bottom
pad dielectric thinning step, an exposed portion of the bottom pad dielectric layer has a
thickness between 20 and 120 A.
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35. The nethod of claim 34 wherein said NMOS gate has

a different work function than said PMOS gate. 36.

The nethod of claim 34 wherein said NMOS gate has a

| ower work function than said PMOS gate. 37. The

met hod of claim 34 wherein the bottom pad dielectric

thinning step renoves between 30 and 90% of the

bottom pad dielectric thickness. 38. The nethod of

claim 34 wherein the bottom pad diel ectric thinning

40.strepnethodvd slaiineldvebnreh irastep 66 dbterf thteﬁmtfbm padndpaettric thinning step,

an \A}%}gévs%‘ﬂhf Ir{r:%oé {B‘E ﬁ@l?(?k?(ﬁ)ﬂéx?}%ﬁecﬁ?l%%ﬁtl% gh H}es}é)tertween 20 and 120 A.

thinning step, the bottom pad dlelectrlc Iayer has a

41.11HCK B JIRIMREN Rl ettt sAQPMOBRA tEhiLd Wil miewo@@n 5 and 50%

ad di.el ect |nn|ng step, an exposed portion of
naﬁﬁgmb %h@wé)éFﬁ%tr|c | ayer has a thickness

between 20 and 120 A 30 40. The nethod of claim 34
wherein in step i), after the bottom pad dielectric
thinning step, an exposed portion of the bottom pad
dielectric layer has a thickness between 20 and 120 A
41. The nethod of claim 34 wherein said PMOS gate has
a wdth of between 5 and 50% narrower than said NMOS
gate. 31
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