SELECTIVE OXIDE TRIMMING TO IMPROVE METAL T-GATE
TRANSISTOR Background of Invention 1) Field of the Invention This
invention relates generally to fabrication of semiconductor devices and more
particularly to the fabrication of a FET with a metal gate. 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 2005,
the current Si02material 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 ZrO. etc m h K materials WouldrFrov
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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 additidt A HBEORIRF XRMIQRother challenging area
whereby gate 1 length is scaled aggressively too. One of the methods to

extend the limitation of lithography in the sub-micron gate era is to perform

resist trimming. Another scaling issue would be the polysilicon gate/Si02

3ysieand bf sHicniveiftioge continues to grow thinner, the poly depletion effect
causes higher EQT and aggravates short chann | effects. {: ate

capacitance and tHE SR PHIhE SASRBI H8 TPRHGRCR haBigpggptor devices
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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 2005, the current SiO. material 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
Zr0, etc). 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 technology. Therefore, alternatives are currently being
sought after. One of the promising candidates would be the metal gate
technology. Materials for metal gate are currently been looked into. Metal
gates do not exhibit the poly depletion effects but are low power
consumption, higher drive current capability and higher speed due to lower
gate resistance. 2 Summary of the Invention An example embodiment of the
present invention provides a method of manufacturing a FET which is

chaiactesizedi ag dallewstfesdiog & dratio mdeastsielestted e liafi@@on of

jolysilicon layer over a substrate; said bottom pad dielectric layer has a first
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performing a sacrificial gate amorphization implant by implanting ions into
said sacrificial gate to form an amorphous layer; thermally oxidizing said
sacrificial gate, and said amorphous layer to form sacrificial spacers on the

sidewalls of said aawificiatgiate; prifaraingbe e Rdmalasfenre/MbRRtem. If
regions adjacent to said sacrificial gate; in a battom pad dielectric thinnin

SHEEOREHRSHTRG MBS GHN SRR HiSPRINRRG APtfilliei €8y f dager EOT and

betilampadideleririsdpyBeas. thad said hptiammeadndigiesticriayer hdgeat would be
second thickness; forming spacers on said sacrificialg%ate; performing a S/
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future transistor technology. Therefore, alternatives are currently being sought after. One
of the promising candidates would be the metal gate technology. Materials for metal gate
are currently been looked into. Metal gates do not exhibit the poly depletion effects but are
low power consumption, higher drive current capability and higher speed due to lower gate

resistance.



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; 3
forming a gate layer in said gate openings over said gate dielectric layer;
planarizing said gate layer to form a gate. The above and below 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. Foﬁqﬁg‘[‘é‘?@’e‘,’éﬂ}ﬁé 2 advantages may be

mutually contradigtpkdimphat iy casnaibgesiestianaouahs Pigseiieadnethod of
single embodiment. Similarly, some advantages are applicable to one aspect

SR anveson FEl TR B othd A 1eliRRSrmore, certain aspects of

the claimed invertipmihgvebaabhepi dirgeasedyereind bipwigveicditlayer over a
inference should be dragn re ar(iling those disc&gsed herein relative to
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repetition. Thus, {hig&umgnaeypol feditties.aed advantagasrisbpulchrot be
considered dispositive in determining equivalence. Additional featuresand . .
Ba%amaaaé 8?%@%}%&%?1‘%@{3&83%@8 PR IR Hesa it f1cial

rattherar awings;phodsfiapathe claims.
thermally oxidizing said sacrificial gate, and said amorphous layer to
form sacrificial spacers on the sidewalls of said sacrificial gate;
performing a LDD implant form to LDD regions 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 S/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;

3



4 Brief Description of the Drawings The features and advantages of a
semiconductor device according to the present invention and further details
of a process of fabricating such a semiconductor device in accordance with
the present invention will be more clearly understood from the following
description taken in conjunction with the accompanying drawings in which
like reference numerals designate similar or corresponding elements,
regions and portions and in which: Figures 1 through 17 are cross sectional

views for illustratingifisst mehedimanurf the Byantiefotgvirsshitoddansc layer;

18 to 23 show a second embodiment where two metal gates with different
Riapeszingistd gpls fowred. [eiglA29-is a cross sectional view of the PMOS
gate after the amorphizing implant. Figures 24A, 24B, 24C and 24D are
cross sectional views showin% 33 Process that creates excessive under

cutting of the pad diefRRIYE HJdE Ry afyaHazes aifestygparsof reprgssaiafive

BfEHBNERSLGHINANMEWS 1t ShexaP e &aodinent Shwing piesesrIsHIgto
reduces the under. cutting of the pad dielectric layer. 5 Detailed Description

BYINE ERAHTEIE RSO AMBHEE UL ol RAEH BSAhsts entbbatiisart e

Rpentamehovr alprReaseir dasaddi iddbygio glairep aententidateddiatesfons on
S R e TRt o oo auivalents 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 regarding those discussed herein relative to those not discussed herein other than for
purposes of space and reducing repetition. Thus, this summary 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 parameters can be modified as technology evolves and as
known to those skilled in the art. Figures 1 to 17 show a first embodiment of
the invention. A feature is that the PMOS sacrificial gate is made thinner than
the 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 Implant. The
distance (e.g., width of sacrificial gate) between the PLLD regions is larger
that the space between the NLDD regions because of the wider PMOS
spacers. The PLDD tends tq diffuse readily more than NLDD due to the
dopant being small and IBHefPgSCEBLIN of the DIRFES T er between the

PMOS regions impeYes eyt REkamancst Rydmpsndacidhashestaebaings to the
effects for PMOS. In addition, the oxidization of the sacrificial gates trims the
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some of the initial pad oxide would also be stripped, thus reducing the

SRHOUAR D TR EHECRAR UMY HIE SHENHE KM Ra 8 i gl hich like

gEttedpRcasRerdiRigaseudd RIpHoMeop bdhespatdiavelananasivneatdpdrtions and
T-gate transistor. In a second embodiment shown in figures 1 to 14 and 18 to
FBMNE 'metal gates with different work functions are formed. 6 II. First

example embodirpgitE afelrng: ko1 figueecdosweetoisnaa visws| Fd i M a first
area 11 and \%-gv.vell 18 in a NMOS area 12 in a substrate 10. The substrate

Eg'r]?‘f)i“?ﬁf&to?? BVERECYther substrate using in semiconductor

manufacturing. Figures 1 to 14 and 18 to 23 show a second embodiment where two
metal gates with different work functions are formed.

Figure 2A is a cross sectional view of the PMOS gate after the
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 layer.



Next, we form isolation regions 20 in the substrate 10. The isolation regions
are preferably shallow trench isolation (STI) regions. We then form a bottom
pad dielectric layer 24, a silicon containing layer (e.g., polysilicon layer) 26
and a hard mask layer 28 over the substrate. The polysilicon layer preferably
contains polysilicon. The polysilicon layer can be comprised of polysilicon,
amorphous silicon or SiGe. 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.qg., 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 Celiitehaskseraptidaysi the BranapIeEmdidsiadigcess and
must be thick enough for the oxynitride spacer etch subsequently. Form

MOS gacrificial gate and PMOS hard mask and NMOS sacrificial gate and
MOS hafd idsk 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 figureEX AP ofMROBMENS RIAER My Guianstisstrarogens to form a FET

QRRRINGER) RYRIHI G RMER T ld prdeest M pamark0 R RFIRIABY The exact
comprised of photoresist. 7 As shown in figure 2, we perform a PMOS
gg&ﬁqéi%ql%a?éameters can be modified as technology evolves and as known to those
skilled in the art.

Figures 1 to 17 show a first embodiment of the invention.

A feature is that the PMOS sacrificial gate is made thinner than the
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 Implant. The distance (e.g., width of sacrificial gate) between
the PLLD 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 1 to 14 and 18 to 23, two

metal gates with different work functions are formed.



amorphization implant to amorphize outer portions 32A (e.g., amorphous
layer 32A) of the PMOS sacrificial gate 32. As shown in figure 2A, the
amorphous Si outer portion 32A of Polysilicon PMOS sacrificial gate 32
preferably has a thickness between 25 and 2500 A. If the amorphizing
implant uses Ge, the amorphous Si outer portion 32A preferably has a Ge
concentration between 1E13 and 1E20 atom/cc. The implant amorphizes the
poly 32 to enhance a subsequent poly oxidation that reduces the size of the

subseqpRbtiampRIcRIM6dmadie. The Ge or Si Angled Implant 42 can
preferably comprise Ge or Siions. Trim gates Referring to figure 3, we

remove the PMQBMR%@. Btilredfewinigmn ﬁguveel_i,_l\ﬂxe‘ml?M@%ayaaelsl _aflq a p-
Rratergily bxresation. Breferaflywe herpally exioize N2 MBS saciicial
gate 32 and NMOS sacrificial gate 36 to form NMOS sacrificial spacers 50
othehewigiedialisiog ihe NINMOBIBeler fisimudgataidszand PMOS sacrificial

spacers 46 on the sidewalis, f f&ﬁa%%(‘@%\lﬁﬁﬁr%:ﬁﬂl @3B ral 06 I\'f's%zglsolation

sacrificial spacers 46 are thicker than the 'NMOS sacrificial spacers

praiausereadriabbiorhaienotfrenehanadrpho 1818) 82408k the PMOS gate 32 is

faster than the NMReneR I{;@JIIIIIC&) B&%&%ﬁ%ﬁﬁ%@&%‘]ﬁﬁl\@%%ﬂ?&&?@immmng layer
spacers 46 are preferably between 100 and 500 % thicker than the NMOS

saerifivibissivenielays0. 80Tl Ninobkr ifeRi Bparerisousirdiayehg polysilicon
EQ%%%Q%Q’%S&E% y%ﬁ@&#ﬁ{édpmgﬁi%ﬁfﬁ%?'é/aH%tM’&ﬁHpﬁ’Qe%ﬂ%500

A’ The PMOS sacrificial spacers 46 can have a thickness between 100 and

soboiAcandamerehprsfeilatsly pebiféen 100 and 500 A.

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 PMOS sacrificial spacers 46 are preferably thicker than the NMOS
sacrificial spacers 50. By oxidizing the sacrificial gate sidewall, we can further
reduce the gate length. This can be an combined with or be an alternate
technique to resist trimming to extend the limit of lithography. The NMOS
spacer/gate width 51 is preferably between 120 and 3400 A and more
preferably 500 and 1800 A. The PMOS spacer/gate width 47 is preferably
between 220 and 3500A and more preferably 700 and 1800 A. These widths
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 sPacBPRAE REF 31 WerRe o & S serdlicial mifs

RreSeFRRIMDAtIMER Al 20 ansHREO AN Foimens TTAfesabliheeRR kderdA ) of the
3500 A. The NMOS gate 36 has a width preferably between 120 and 3500 A
e ibial gl 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 NN Y2 HFHEPMOE AR DI PASA HIEKRAELB R Ay

Poiyebh BRIDBGJ6rihieidhiglnespeiche NMOS GatknEIgbEeEAS Bharnanisno A.
figure 4, we form a NMOS LDD Mask 54 over the substrate with open}ng%
tﬂ@W@@%P@é’lf% uses Ge, the amorphous Si outer portion 32A preferably has a

Ge concentration between 1E13 and 1E20 atom/cc.

The implant amorphizes the poly 32 to enhance a subsequent poly
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.

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



9 Referring to figure 4, we then perform a NMOS LDD implant to form
N-LDD regions 58 adjacent to the NMOS sacrificial gate 36. The N-LDD
regions are preferably doped with As or Ph. Next, preferably we perform a
pocket implant preferably using Boron or Indium ions in the NMOS area 12
to form pocket NMOS regions (not shown). Referring to figure 5, we remove
the NMOS LDD Mask 54. Subsequently, we form a PMOS LDD Mask 62
over the substrate with opening over the PMOS area 11. We then perform a

PMOS LDD implatarPrbD ki eagions pacasiatenin ke s sassificiah 50 and

gate 36. The P-LDD regions 66 preferably have a Boron concentration

StieeAnER A GREFSETDREHRD W pEAn ol e RIOMpsHE FHaAMP O can
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remove the PMOS LDD Mask 62, In a figure 6, in a key step (e.g.

dielectric thinning'&@epMe FAFSFELHRAEAGY Spadrds %’Qn@]ﬂff\;é%an the

SPACES s R0 AsdIRpHienssof the remaining dielectric layer 24. The etch is
preferably comprised of wet etch using dilute HE Preferably the pad dielectric

thinning step remBveE eARELRCIG FHE BOS of e BHa TR tHE hifcigewss the gate

Batare Thes thinme aretehBhir daskhayiese24h preserabhefias uthiekbesSrimming to
between 50 and 400 A. After the thinning etch, preferably the pad dielectric
RyIePd RSP IO RO B ness between 20 and 120 A. The etch of the

spacers 46 and paRedNlEOBicpayeredtt iv s olapleferably between 120 and 3400 A
and more preferably 500 and 1800 A. The PMOS spacer/gate width 47 is preferably
between 220 and 3500A and more preferably 700 and 1800 A. These widths 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 and
more 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.



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 10 25A, 25B, 25C. This reduces
undercut of the oxide 24 under the sacrificial gates 36 32 during the Channel
Oxide Strip. This lowers the Cove - ( gate overlap capacitance). A feature is
that during this controllable stripping of the this trimming oxide; some of the

initial pad oxide IRgE#th WU @S, BeeSHiRP ek s 4 8MOBI D iMpPRMetOform

undercut created during the channel oxide strip for the dummy gate process.
BRI b5 B e BV B SEE eI F6r o Peolch HRGRs are

Referuing theuieth Aofapm a spacer dielectric layer 70 over the substrate
10. The spacer dielectric layer 70 preferably has a thickness between 50 and

5000 A. The spacertid ety QG EBFarat Aty LesiviBtRIat Brelifiagly using Boron

OxYRdiigeicns BhOWNNM OSuieB1 e dstigopaaNyEIshiap spacarsHigiegtric
layer 70 to form NMOS spacers 74 on the NMOS sacrificial gate 36 and
PMOS spacers 78 on the PMOS sacrificial gate 32. As shown in figure 9, we

form a NMOS S/Rénasi 8otaxirgDpenisasvere MO areat 34\We
then perform a NMOS S/D implant to form NMOS S/D regions 86 adjacent to

the NMOS sacrificia1 a6 \We Famve HENNRSS S By Al gipstrate with
Refeninevia tiguPass wedanm a PMOS S/D mask 90 having openings over
:zzisrl:g%i area 1\}%%% SQ; 5?&1% Igll\\/l/l8§ E]S%Igr}ﬁ)lﬁlrrﬁ E?) qurL,r%Bh{Iechi%nSs/g)6 adjacent
to the PMOS sacrificial gate 36. The P-LDD regions 66 preferably have a Boron
concentration between 1E13 and SE15 atom/cc.

We perform a pocket implant in the PMOS area 11 to from PMOS

pocket regions (Not shown).

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 50 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

10



adjacent to the PMOS sacrificial gate 32. The PMOS S/D region are
preferably doped with B with a concentration between 1E13 and 1E15
atom/cc. 11 An S/D anneal is preferably performed to activate the dopants for
both NMOS and PMOS areas. During the anneal, the NMOS LLD 58
laterally diffuses a distance 58A and the PMOS LDD 66 laterally diffuses a
distance 66A. Distance 66A is normally greater than distance 58A since
P-type dopants (e.g., Boron) typically diffuse faster than n-type dopant (e.g.,

Ash Asshoym imfigusautds wRitermoye R MO HMB-MAsk RB:RHBRAVIBIH 32
figure 12, we form silicide 98 on the PMOS S/D regions and NMOS S/D

FEgBELhASCARRGh G5 Rs, s Ao thefectric U89k QEsgan ey ariiare)

dielectric (PMD) layrpndRGsaviar dneise st at«bnerM dighact iz layehit @8mming
referably has a thickness between 10,000 and 20,000 A. As shown in figure

DA B 28 B ey o 16 Lhi t ehalBRE b Fein the

ERRdaMEINenddEBcaard Mgk € thakd dhee NS saapdon afKdaehia exmestocess.
the PMOS sacrificial gate 32 NMOS sacrificial gate 36. The planarization is

PrEfeP ! AMEHAYA IR U SRR MEAIBSRENS) o Hel NS [578RHR5ty 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 PMOSgiacrificial gate 32 and

NMOS sacrificial Q&g 362 10RYSd: Spe g PRACTH O HR % OEE Fbrtshae
olitbepottorThpagdielaniriclay erydé 70 peegaid Benriaghidhbabecwidin 50 and

PRSI i S o T s

As shown in figure 8, we anisotropically etch the spacer dielectric layer
70 to form NMOS spacers 74 on the NMOS sacrificial gate 36 and PMOS spacers 78 on
the PMOS sacrificial gate 32.

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

We then perform a NMOS S/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 1E13 and 1E15 atom/cc.
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12 In a channel oxide strip, we remove the exposed portions of the bottom
pad dielectric layer 24 in the gate openings 114 110 to expose the substrate
10. The openings are over the channel region of the subsequently formed
PMOS Tx. During the prior spacer 50 46 strip step shown in figure 6, the
initial pad oxide 24 was etched and made thinner. Because of the thinner
pad oxide 24 under spacers 74 78, the undercut 111 is reduced, hence
improvement of T-Gate transistor overlap capacitance. Overlap capacitance
is created by the overlap between the S/D (and/or SDE) and gate. The
channel oxide strip is a preferably a wet HF etch. The isotropic channel oxide
strip preferably undercuts 111 only between 20 A and 120 A of the dielectric

12 under the spagar SRetaiiing fopietiants paedsiena darievdielgetdsgayfor both
118 on the substrate 10 in .theﬁl(%gte openings 114 110. The gate dielectric

RO L FHRR Attt uEaso s Rk HabBHQSdridR ofidieraiheiiiesrsin

diffce Metabhgate RYRYS 2DIN tha gatd19Remings PURkatie Geie DislestdGoA is
layer 118. The (metal) gate Iager 122 formed by a CVD prgcess and is

BrErRe RIS abTh FHed g ScsiNtYPRioPES S oy SIBPHAYP KA HSe

ndiguied . WweeRlapatize. theagate layer 122 preferably using a
chemical-mechanijcal polish (gMP) rocess to form a PMOS gate 126 and a

NMOS gate 130/ FHEBRAGEIEHE 156%8 FRAPRYRLPA e yate 130

because of

As shown in figure 12, we form silicide 98 on the PMOS S/D regions
and NMOS S/D regions.

As shown in figure 13, we form a dielectric layer (e.g., poly metal
dielectric (PMD) layer) 106 over the substrate. The PM 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
a width 110W. The PMOS sacrificial gate 32 NMOS sacrificial gate 36 are preferably

removed using an etch.
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the enhanced oxidation of the PMOS sacrificial gate 32 during the trimming
step. 13 For example the PMOS gate 126 can have a width 126W between
100 and 3500 A and more preferably between 250 and 1200 A. The NMOS
gate 130 can have a width 130 between 100 and 3500 A and more
preferably between 450 and 1300 A. The distance 140 between the LDDs is
preferably between about 100 and 3500 A and more preferably between 450
and 1300 A. The distance 142 between the LDDs 66 is preferably between

about 100 and 3500 AraRfeMNRIPEEiBIaRhiabVEe et 2RPoahd AR LofTtAE bottom
NMOS gate 130 preferably has a width 130W between 120 and 3500 A and
RISk il

Bob StnaeRAB AR IE8D A HTHE IS Gt 198 Akt dpie

Bpsnmpidtiz d26Mhbenxeen Afanst 30 RIeiePaltysbEtween
250 and 1200 A. For example, the PMOS gate width 130W is preferably

between -5 and 50 % narrower than the NMOS gate width 126W and is most
preferably betweeyubanthSPridp sakraveer 46 xarpRiefepbwasOfi faeefBsthe initial pad
embodiment The embodiment has steps that form a narrower PMOS gate

P38lfy tHEts eiineriArfLmadfdh s eca b IRM BTG BAd SX{fle 24 under spacers
ampgpheus BRIaNt 1of B MAR B cidicialgptevdrda usMyuereasastbeoverlap
oxidation rate of the PMQS sacrificial gate 32 with respect to t;;e NMOS
SARIHERF G0y ?@W&Wfﬂ?ﬁ?é%ﬁﬁ?ﬁ%‘?ﬁ’é@?ﬁ&‘éﬁé@&ﬁ%ﬁ?&ﬁ &t Br g SPE)

andl imes that of poly silicon. ~ Referring to figure 3, the oxidation of the
artially amorphoys PMOS
P y P %he channel oxide strip is a preferably a wet HF etch.
The isotropic channel oxide strip preferably undercuts 111 only between

20 A and 120 A of the dielectric 12 under 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,, NSi or 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 sacrificial gate 32 during the trimming step.

13



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 of the PMOS LDD improves the short channel
effects due to the reduction in lateral diffusion of the PMOS LDD. 14 The
subsequently formed PMOS gate 126 is narrower than the NMOS gate 130.
A feature is that during this controllable stripping of the this trimming oxide;

some thickness of spexmiigl-nad Pxds Iayer24 wauldvalsowrEnpeRdbéiksen 100
reducma e amount of undercut created durln%%pe channel oxide strip for

YHOPFRIEEL LAV Pravd S gate 130 can have

aapReifanoeyaiach-geteaH@nsisiok. 4Hd ﬁ%@@%@m&%&@dm@ﬂﬂim@k
work function metal gate Flgures 1 to 14 and figures 18 to 23 show an

embodiment with =t GtBnadlashsrrchiPmdtargiaehohasespgpout 100

ARE 30D A0MNE AR PrefBMd Ly BRAb A0 c‘smmmﬂwq&ofldiﬁq;ataheeammﬁween the
For example, figure 23 shows a NMOS gate 240, that can be made

L it A0 6 o3 SO s VI BESCS BB 250

asdhediyst embodiment as shown in figures 1 to 14. Referring to figure 18,

we form a PMOS etch mask 200 havin p ening over

tho PMOS area 1T B AR B0 BIbrdRh A0 CEeen 120 and
Bbo@matatnmes@@mmilgmebﬁ_, 199 epinoveche PMQPSEOS igiat gatepsderably
gﬁ%ﬁgx‘ortlowhgt\?&ggg ITOB glgéll%%tt&cal (?rliozrgr It)?e]%gg?ol?/ etweengfgg and 1200

For example, the PMOS gate width 130W is preferably between -5 and
50 % narrower than the NMOS gate width 126W and is 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:

0 Referring to figure 2, the amorphous implant of PMOS sacrificial gate
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 times that of poly silicon.

0 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
of the PMOS LDD improves the short channel effects due to the reduction in lateral
diffusion of the PMOS LDD.

14



exposes portions of the bottom pad dielectric layer 24. Then we remove the
exposed portions of the bottom pad dielectric layer 24 in the 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. 15 Referring to figure 19, we form a PMOS
gate dielectric layer 204 over the substrate in the gate openings 202. We
then form a first metal layer 208 filling the PMOS gate openings 202. The
first metal layer 208 is preferably comprised of W, TiN, TiSi2, CoSi2, or NiSi.
The first metal preferably has a hi%g work function. As shown in figure 20, we

planarize the first M PIFRYIOR 1973 PMON G8GHAE B Issieid BRfdle NMOS

gade 1oenings 202. The first metal layer is preferably chemical-mechanical

polished (CMP) stopping on the PM dielectric layer 106. Referring to figure .
21, we form a N aﬁ&&@&ﬁﬁﬂagkgz%smﬁ@ll%wmw%ﬁémﬁ&lﬁfﬂlmg

oXRIcthe MRS aseack2hd itaveatesauel iher NS RRAKE ek Gaipea bt
portions of the bottom pad dielectric layer 24 to form a NMOS gate openings

e DsaReupbRioHE S the ot hRe Brflemead oy fsbg gy gate
piocemong dhe expRssd rosians glithevbatipoapastadielestrcriayes #4ndsioe
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

III.  Second Example embodiment — Dual work function metal gate

Figures 1 to 14 and figures 18 to 23 show an embodiment with an
optional dual work function metal gate process flow. The embodiment forms two 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 the 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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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 The second metal layer 234 preferably is comprised of a different
metal composition than the first metal layer. Preferably the NMOS gate 240
and the PMOS gate 212 have different work functions. Preferably the NMOS

gate 240 is comprsegafaonaiaral thakdrsm Aomaogveste uerdianctiartnes over
PMOS gate 212. Preferably the NMOS gate 240 is comprised of a metal that

HisSHRERRT Ndhe RRteOBRMRER THe PMOS gate 212. Preferably the NMOS
gate 240 is comprised of W, TiN, TiSi2, CoSi2, NiSi or other metals or
schemes such as metals implanted or sputtered with Nitrogen. The PMOS

gate 212 can be dOMBAEAATBY At rReld iRl S AU R ABRPHAR gotergRrenings
F312rhe aRiZmetaNiS @Ot R pREEadS] y BentPMERS are, 1R IFisy Tave®i2hanNiSi.
the NMOS gate 240 because of the enhanced oxidation of the PMOS

Lt P PR e Y SUBCR 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 betwedt S1RH 4P ﬁ/gurf‘a%w&l%}?&ﬁftﬁ%tkﬁ\%ﬁ% IBS@%@%%&‘? orm a

m@s;:j Eefe %%Mlbmm ant BQe%Iég@meeTheaﬁm&r??Q@%ﬂf?f theféraband
second embodiments form NMOS and PMOS devices different offset spacer
8%?%%2}5&&8@%%%@%‘&6’&%f&lé%@} Pﬁﬁ&?&&&' é‘%ﬁh tion.

The embodiment improves short channel effects for PMOS Tx

Referring to figure 21, we form a NMOS poly etch mask 220 having
an NMOS poly opening 221 over the NMOS area 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.
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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 Figures 24A thru 24C show an example process known to

the inventors (not admitted prior art) that shows a problem of etch

undercutting the pad slielgetiicetayRiy S pspreeidlly HaiapeAed I U R4M metal
shows a pad dielectric layer 324 that typically has a thickness (A or B) of
FeRosiies thar hedik! bl dielectric layer 324 is typically thicker than

the embodiment' Ppaeshejast iR iIays hecausanaar PRIONJae e pol¥ eifbrent
is needed by the example process. In contrast, a pad dielectric layer of the

SEORE AR rRiRiIBRIN S MRS BEW s ssPb B AR ARpiag 2 lower

& 3sftisofrnmedherPiViepadidizlectriclayery Refarnrmgse figwwm 2¢Bomprised of a
spacers 374 are formed. Then, a djelectric Iﬁﬁ)er (e.g., PMD) 306 is

gheidhatiang forehegbdurerthmgtis RylPe 24€ 2he sacrificial gate 330

is removed in gate opening 315. Next, in a problem causing step, the pad
oxide 324 over the Ec#}anggel reglion is remqved using a \%/{it ftch. The etch
3 8

removes a width EF YR NELS AlfernBatir APt s 74 N HA Wl S12-
Kioh axidendr4nenmovestisiypicaly betwesan beplan@doPspureids Miapiietan. The

n remove about the same amount laterally as vertically. Figure 24D shows.. ..
%@93\%@\% Gttt %F%W}E&?gﬁ nﬁtﬁ%scﬂlépé%ﬁ,lt@ tﬁe %M(S% gate. W,sTl%, %1812,

CoSi2, or NiSi or other metals.

The PMOS gate 212 is narrower than the NMOS gate 240 because of
the enhanced oxidation of the PMOS sacrificial gate 32 during the trimming 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



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/D
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 et¢hadhatkanshihinoedshingthenaphdieleckic #Hnbitg inventors

step. For example, the pad dielectric under the gate (24B) has a thickness C

SR SBrin dTAbB Y Bhavs s irsieib R eihtiesbeai disiealric layer
G pgshéligleaiia A OL Rt gateholier fhe nar dielasiie IhinmpoRiculy

can have a thickness D between 10 and 120 .A. After the embodiments pad

BSIBCHE S th T Y8 Pl TR He R Thazt

sasoiicialigaterhrmanbickneamieire fpkably batwaeferda@rthR¥nmairdin for the
more Freferat%(i between 50 and 66 % of the thickness C of the .unthinned

BALY GENLEAETSE PYSABSRIPI UGS the Bt ARy T PEcADSE idhe

thilvoachpad shetaatic layer RiAdssbelawdhie spacerd@ Athe lateral etch rate is

slower and therefore less undercut, Referring to figu C, the sacrificial
gate 32 is removéﬁ?ﬁ@&ﬂ@aﬁaﬁgi g\ﬂé’r é’ﬂzaﬂs'\ﬁlﬁF PRgigNes

removed using aR@Eﬁiﬁ@ td fig@tchaB mpyes 3 nasreiowidt Frehpadiexeélgic layer
4A ynderneat acers. The width F of oxide 24 removed is typically

E%ﬁm&éﬂ%b%qgli BPRSIGHLA 8%@@%% between 40 and 100 A. Usually,

an isotropic etch RarferaMONEReILIE srRvscamanntlaieslis asivevtidalsate

But bec rﬁﬁe of a thinner layer 24A (thickness D), the lateral etch rate is

SiI5NEIERan the vertical

Next, in a problem causing step, the pad oxide 324 over the channel
region is removed using a wet etch. The etch removes a width E of pad oxide 324
underneath the spacers 374. The width E of oxide 324 removed is typically between 50
and 400 A. An isotropic etch can remove about the same amount laterally as vertically.

Figure 24D shows the device 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/D 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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etch rate. 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 (Covers). 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

defineehbi: thefelatmsbéake cosidarecblifnitations.aritfie e iR @Side the gate,
defined by the claims, or limitations on equivalents to the claims. For

i sepah el csiri ndnipg S S hAYEHe NS DEIR R e R And 4 A-
they cannot be sigfiliaieeushydiesRNpiA disibeiecanepeiments Sipilaidpad

some advantagées are applicable to one aspect of the invention, and

Halsshidasctl tnerauisllrbrmrsaliciat gt alpbaiuskasesdnrrder abhdsiasen

Beye et bewn disthzsepREsRIbyHRWRE!SOaiferncershrulk e ciawofifle
rega%p%those discussed herein relative to those not discussed herein other

ARISHESTFSpave drdRetuging Meietifo i TH (! splsv-REdssptshthe

MifRMpeisheRicideiads a4e seblosih glecihaseriionihatRseAIessvre s aitingser and
thicknesses, etc., in order to provide a more thorough understanding of the

HrESENEiIlRPS RSHTSE il be obvious, however, to one skilled in the art that the

present inventionRegyrhe prattice Sdhoutsiherr detaits 3N iothaidnsiantes, the
we|l kngwn process have not been described in detail in order to no
ai 8&%‘5% I%b@&ﬁha?ﬂ&l 5?8%%&%ﬁ%ﬂﬁ%@?%‘i\%eﬂﬁ&e\'}%ﬁi&?eo‘f“ﬁ fethoves a

anhndiwiem s off thel pragenuinveniiaitiisthdepatbed The alday & desgiiption
A ) D oS0 A 13D AT reEhoee JeRSably between 40 and 100 A.
Usually, an isotropic etch can remove about the same amount laterally as vertically. But
because of a thinner layer 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 embodiment’s steps reduce undercut (e.g., width

F) (Iess space between the gate and S/D )and thus reduce capacitance (Coyerl).

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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of the present invention defined by the claims. While the invention has been
particularly shown and described with reference to the preferred
embodiments thereof, 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

eNcRMPaafHoN GYespadificatiensnrdSRYRM A BNIREMS ARG MERGRENBS.
20 What is claimed is: 1. A method of fabrication of a semiconductor device;

BYMRBHRSING ThRr s b eSS FARFId Shottom pad dielectric layer and a

polysilicon layer over a substrate; said bottom pad dielectric layer has a first
thickness; b) patterning the silicon containing layer to form a sacrificial gate;
c) performing a sacrificial gate amorphization implant by implanting ions into

said sacrificial gaig tRefeoyaaR6PhoHsIRY6; dpdbrrmmixiRtizags@itsuch as
sacrificial gate, and said amoﬁ:!%tlous layer to form sacrificial spacers on the

SORARS S Sir s stfiftetl BileI sy PeHEmMry S ISBT AR S ROLTIEN
iediansadiacentie sieidaaarificiain gatevil) iR atatieynhpad diglectit ¥kNRIMe the
steF, removing the sacrificial spacers and re ovir;gH? thickness of said.

BBt tBSCP Hiefatineqayer 85 & R 668 ot %ﬁlé’&ﬁﬂﬁa)}groﬂ&g Ipstances,
seeorebiicknress B)ferbingapacsisten saikeddrifgi@hgatest unnecessarily obscure

the present invention.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the scope
of the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, 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.
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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 portions 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 in said
gate opening; o) forming a gatesaid gate openings over said gate dielectric
layer. 21 2. The method of claim 1 wherein the second thickness of said
bottom pad dielectric layer is between 30% and 90% the first thickness. 3.
PHRAHEHYEIEE Saim 1 wherein the second thickness of said bottom pad
dielectric layer is between 50 and 66 % the first thickness. 4. The method of
claim 1 wherein the bottom pad dielectric thinning step, further, comprises

Teing R L ER S b BUCBREREIRT TSt TRE B, He O

dielectrig thimgiRgrtamJtstigracaREERS] thdRandn WelyeihbeH 14dnetked Qfbstrate;
fabrication of a semiconductor device; comprising the steps of : a) providing

a substrate’tifiP oM Byl fislsiria LGB SIEL BiFkSiHing a bottom pad
dielectnig laypstasndifenalysilicon dayenavensaid suybsialeid) Ratiesniag the

polysiligg)n lageer%c}%fionrgma %agyfgisalsé%gg%%%gﬁtz%t?gg iglplant by implanting ions into
said sacrificial gate to form an amorphous layer;

d) thermally oxidizing said sacrificial gate, and said amorphous layer to form
sacrificial spacers on the sidewalls of said sacrificial gate;

e)  performing a LDD implant form to 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;

2) forming spacers on said sacrificial gate;

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

1) forming a dielectric layer over said substrate;

k)  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;

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

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

o) forming a gatesaid gate openings over said gate dielectric layer.
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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 NMOS sacrificial gate to form NMOS
sacrificial spacers on the sidewalls of said NMOS sacrificial gate and PMOS
sacrificial spacers on the sidewalls of said PMOS sacrificial gate; said PMOS

sacrificipdspReRs8 afelthiskenhasusaid sBi¥ISEREHSIASRACAISiItE pad dielectric
performing a NMOS LDD implant to form N-LDD regions adjacent to said

NM&Y&rds Brfssngatee Jetfbfimifg BB MEE1ESD implant form to P-LDD

regionsradjacenidesaisnP MR eactificiat gateildd Ry 46 ¢F battoraad pad dielectric
dielectric thinning step, remaving the PMOS sacrificial spacers and the

NMeY& 48 LefesNs piE & e ntBY i (IBIEIHS f the pad dielectric layer: i)

tormingriidthspagelsignisaictNM @S seesiichalignte-antt RIasShapersrther
on said PMOS sacrificial gate; k) performing a NMOS S/D implant to form

NMOBREASS BB A GfALENE f8¢%aid NMOS sacrificial gate; 1) performing a

BMOS BiPrmplanbiearn RMESi SRR iegionspadjaresitn SaindRp, further

sacrificial gate; m) forming ahdielectric layer over said substrate;
comprises using an wet etch.

6. A method of fabrication of a semiconductor device; comprising the 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
NMOS sacrificial gate to form NMOS sacrificial spacers on the sidewalls of
said NMOS sacrificial gate and PMOS sacrificial spacers on the 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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n) planarizing said dielectric layer to remove said NMOS hard mask to
expose said PMOS sacrificial gate NMOS sacrificial gate; o) removing said
PMOS sacrificial gate and NMOS sacrificial gate to form gate openings that
expose portions of said bottom pad dielectric layer; p) removing the exposed
portions of said bottom pad dielectric layer in said and gate openings; q)
forming a gate dielectric layer on said substrate in said gate openings; r)
forming a PMOS gate in the gate opening in said PMOS area and a NMOS

gate injpaid MV GBS Pad ddecmetieshafclaip RubergindbeMMOKicrificial

sacrificial gate amorphization implant . comprises implanting Si or Ge ions at
an angle int8%51d BI&S XM GRcargifle P ABTHSOY LIGiReBIGMich the pad

further comperegifarying a p-well in PMOS area and a n-well in a NMOS
area in_a substrate. 9. The method of claim 6 wherein said the PMO

: | S S
sacrificll spdCERINE YRR SRR CardiSAME thiekef HaEate MEEOS spacers

sacrificial spaggis PMOSRedmethadatclaim 6 wherein said polysilicon layer is
comprised of Si and Ge. 23 11. The method of claim 6 wherein said bottom

pad dictectriBIHyEMEE3MMISeP BrarayREE RMRmebspatneaniagnt

and 400 A.shzi Miveopethediehlairs; 6 wherein the polysilicon layer preferably
has a thickness between 1000 and ZOC%QA. 13. The methad of claim 6

whereilY said AR S UL IO DL EhieRRSY B p{BdHBona Adi 3esa o

A and said BMOSieacsificiaksnaeass have a thickness between 10 and 5000
A m) forming a dielectric layer over said substrate;
n) planarizing said dielectric layer to remove said NMOS hard mask to expose
said PMOS sacrificial gate NMOS sacrificial gate;
o) removing said PMOS sacrificial gate and NMOS sacrificial gate to form
gate openings that expose portions of said bottom pad dielectric layer;
p) removing the exposed portions of said bottom pad dielectric layer in said and
gate openings;
q) forming a gate dielectric layer on said substrate in said gate openings;

r)  forming a PMOS gate in the gate opening in said PMOS area and a NMOS
gate 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 p-well in PMOS area
and a n-well in a NMOS area in a 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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14. The method of claim 6 wherein said NMOS gate or said PMOS gate is
formed by a CVD process and is comprised of a material selected from the
group consisting of metal, W, TiN, TiSi2, CoSi2, NSi and HfN. 15. The
method of claim 6 wherein the bottom pad dielectric thinning step removes
between 30 and 90% of the bottom pad dielectric thickness. 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 whergiRehgiaiede hatioavwadGielertrisolbnn g sieRcthie 1PRIAMLPAPrised of

dielectric has a thickness between 50 and 40Q A and after the bottom pad

diefsddsand hany tRighamelisdedsodstidbad dielectric has a thickness
betweemh2Onanddlalchid® Thenethosat ciaioh Gaphasrinaliey the BakRRhess

pad dielectric thinni% step, the exposed bottom pad dielectric has a
thidhBEE LAY A 120 A. 19. The method of claim 6 wherein said

PMOS piatereasow isitol BietveesReReanchitONNIO ha Wit thaof sait N MOS BRI ess
0. The method of claim 6 wherein said PMQS gate has width between 5 and

50 DR R AT PTG S L 108 ST HO I3t BBy G becneen 10

semigamdacior device; comprising the steps of : a) forming a n-well in PMOS

area and a p-well in a NMOS area in a supstrate; b) forming isolation regions
Feaia L0bAeRe0 BTG WhSaHar BE it GHE 1ayak & MR HG g by 2

and ¥ baebevaskndayesanprsaidsubsttatal o patie ming thespalysibaondayest

AN e WIS Y LGOS A MER.

15. The method of claim 6 wherein the bottom pad dielectric thinning step removes
between 30 and 90% of the bottom pad dielectric thickness.

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

18. The method of claim 6 wherein after the bottom pad dielectric thinning step, the
exposed bottom pad dielectric has a thickness between 20 and 120 A.

19. The method of claim 6 wherein said PMOS gate has width between 5 and 100 %
the width of said NMOS gate.

20. The method of claim 6 wherein said PMOS gate has width between 5 and 50 % the
width of said NMOS gate.

24



sacrificial gate, a PMOS hard mask, a NMOS sacrificial gate and NMOS hard
mask; e) forming a PMOS mask over substrate with opening over the PMOS
area; f) perform a PMOS sacrificial gate amorphization implant by implanting
ions into said PMOS sacrificial gate to form an amorphous layer; whereby
the implant increases the oxidation rate of the PMOS sacrificial gate; g)
removing the PMOS mask; h) thermally oxidizing said PMOS sacrificial gate
and NMOS sacrificial gate to form NMOS sacrificial spacers on the sidewalls
of said NMOS sacrificial gate and PMOS sacrificial spacers on the sidewalls
of said PMOS sacrificial gate; said PMOS sacrificial spacers are thicker than

SAid NS LG iAo if ARG L NI S B S WL B\ edh frdeps of -

substrafe witkepaRIAGSWMEHTFINYMES arki [H RAOININEMOMGBS LPPsubstrate;
implant to form N-LDD regions adjacent to said NMOS sacrificial gate; k)

perfornfihg L YoRIas HAKERR feeans NNESSHPSEa from pocket NMOS
region;c}) remgviensaith MR PAdra IMas K 189 FoXpings A EIM QSek B MBS mask

over the supstrate with opening over the PMOS area; 25 n) performing a
PMOS LDD%¥ipRSt (818 188 #sgions adjacent to said PMOS sacrificial

gate; o)l perfonming s pREkotysIant iy &aiddP MO aadR Fos BYEAS a PMOS
pocket sacrificial gate, a PMOS hard mask, a NMOS sacrificial gate and NMOS hard
mask;

e) forming a PMOS mask over substrate with opening over the PMOS area;

f)  perform a PMOS sacrificial gate amorphization implant by implanting ions
into said PMOS sacrificial gate to form an amorphous layer; whereby the
implant increases the oxidation rate of the PMOS sacrificial gate;

g)  removing the PMOS mask;

h)  thermally oxidizing said PMOS sacrificial gate and NMOS sacrificial gate to
form NMOS sacrificial spacers on the sidewalls of said NMOS sacrificial gate
and PMOS sacrificial spacers on the sidewalls of said PMOS sacrificial gate;
said PMOS sacrificial spacers are thicker than said NMOS sacrificial spacers;

1) forming a NMOS LDD Mask over the substrate with openings over the
NMOS area;

j)  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 from pocket NMOS
region;

D remove said NMOS LDD Mask;

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

area;
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regions; p) removing said PMOS LDD mask; q) removing the PMOS
sacrificial spacers and NMOS sacrificial spacers; r) forming a spacer
dielectric layer over the substrate; s) anisotropically etching said spacer
dielectric layer to form NMOS spacers on said NMOS sacrificial gate and
said PMOS spacers on said PMOS sacrificial gate; t) forming a NMOS S/D
mask having openings over said NMOS area; u) performing a NMOS S/D
implant to form NMOS S/D regions adjacent to said NMOS sacrificial gate; v)

removiRg sajstilviRiaeS PNEsH.p) fepling @ PNIOS R/Bomaskheuing said PMOS

openings over said PMOS area; x) performing a PMOS S/D implant to form
PMOS S/DYSERaScent to said PMOS sacrificial gate; y) removing said

PMOS §/D rpagkimimipabng saplsubstatermasgivaieths doprantss psaist
PMOS S/D regions and NMOS S/D regions; aa) forming silicide on said
PMOS S/D'féYi8s and NMOS S/D regions; bb) forming a dielectric layer

over saifl subgiRigineGaRlFMOSNIIIItiglectric layer to remove said PMOS
hard mask and said NMQS hard mask to expose said PMOS sacrificial gate

and safll NMESEORLEHERMAR Syl Il ovRig SARIANES SaerHeia! gheers:
NMOS gacrifigiahgata pdesniigaierieneningsdhaicaxpesetportions of said
bottomsr))ad (zlaineils%(%}ggicl:% lt}alrc;etching said spacer dielectric layer to form NMOS spacers
on said NMOS sacrificial gate and said PMOS spacers on said PMOS
sacrificial gate;
t) forming a NMOS S/D mask having openings over said NMOS 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 S/D mask having openings 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 the dopants in said PMOS S/D regions
and NMOS S/D regions;
aa) forming silicide on said PMOS S/D regions and 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 NMOS sacrificial gate to form gate

openings that expose portions of said bottom pad dielectric layer;
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26 ee) removing the exposed portions of said bottom pad dielectric layer in
said and gate openings; ff) forming a gate dielectric layer on said substrate
in said gate openings; gg) forming a gate layer in said gate openings over
said gate dielectric layer; and hh) planarizing said gate layer to form a PMOS
gate and a NMOS gate. 22. The method of claim 21 wherein said NMOS
sacrificial spacers have thickness between 50 and 500 A and said PMOS
sacrificial spacers have a thickness between 100 and 500 A. 23. The method

of claimg1 wRetsinnsaisktbe, MO sastifiviahrPesesmayaikeiweant h9Orandaid and
500 % wider than the NMOS sacrificial spacers. 24. The method of claim 21
wherein saf#iSAWSINESH layer is comprised of Si and Ge. 25. The method of

claim 2f\wheseini said hestarm Radcdiglecticslayeusarmiy isediaf g asidpeanths;
has a thickness hetween 50 and 400 A. 26. The method of claim 21 wherein

the polySlicdATRRS HRAEIR Ha& i Bk ARSUNSS AVSE A B G i§IseiHis Ryer: and
27. Theymethgidraticiain Ad yihergjesaitbaate ryerSeumeahdy NKAWYD gate.

process and is comprised of a material selected from the group consisting of
metal, W, TiN, TiSi2, CoSi2, NSi and HfN. 28. The method of claim 21

whereiThRedeaitendPadi siele Gire-SnnaIgNED S e RREVRSaRphvES B2 ailidkness
90% of the bottom pad dielectric thickness. 29. The method of claim 21

whEFEiFERe RO B4 thE et Y AGT e aRAGRE BB AVBK Y BRy Siehween 100

% @hdsobaottom pad dielectric thickness. 30. The method of claim 21 wherein

Bgfore Ifr}lee tr)lget%}?gg 8? (cjlzgir?lls(ftr\ighgiqui?zgdSt&%l;lr\l/?OS sacrificial spacers are between
100 and 500 % wider than the NMOS sacrificial spacers.

24, The method of claim 21 wherein said polysilicon layer is comprised of Si and Ge.

25.  The method of claim 21 wherein said bottom pad dielectric layer comprised of
oxide and has a thickness between 50 and 400 A.

26. The method of claim 21 wherein the polysilicon layer preferably 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,,
CoSi,, NSi and HfN.

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.

30. The method of claim 21 wherein before the bottom pad dielectric thinning step, the
bottom pad dielectric has a thickness between 50 and 400 A and after the bottom pad
dielectric thinning step, the exposed bottom pad dielectric has a thickness between 20

and 120 A.
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bottom pad dielectric has a thickness between 50 and 400 A and after the
bottom pad dielectric thinning step, the exposed bottom pad dielectric has a
thickness between 20 and 120 A. 27 31. The method of claim 21 wherein
after the bottom pad dielectric thinning step, the exposed bottom pad
dielectric has a thickness between 20 and 120 A. 32. The method of claim 21
wherein said PMOS gate has width between 5 and 100 % the width of said
NMOS gate. 33. The method of claim 21 wherein said PMOS gate has width

betweenhe aeho8 3 cthignwidtnRtGaidiMRDeale 34d diengiRdighning step, the

fabrication of a semiconductor device; comprising the steps of : .a) providing

a stRAPsHPRiPra RetheidestEs hav dnnlis s SroReH) FOrARhd 2 Bbttom pad

dielectriqiayRiriach 2 paiysHic Anday e EP SRS SHBSHAIRIdEN BattRIEHT HA8 100 %
polysilicon layer to form a PMOS sacrificial gate and a NMOS sacrificial

gat@e Kt LDV $YSte in said PMOS area: said NMOS sacrificial

gate inTHRichNMQ Sfaaan @) ReERIN AP PIGS S-sastlicial@a@ween 5 and 50 %
amorphization implant bg implanting ions into said PMOS sacrificial gate to

forfaH 4RSS &f%hermally oxidizing said PMOS sacrificial gate,
said amorphous layer and NMOS sacrificial gate to form NMOS sacrificial
spacers on the sidewalls of said NMOS sacrificial gate and PMOS sacrificial
spacers on the sidewalls of said PMOS sacrificial gate; said PMOS sacrificial
spacers are thicker than said

34, A method of fabrication of a semiconductor device; comprising the 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
NMOS sacrificial gate to form NMOS sacrificial spacers on the sidewalls of
said NMOS sacrificial gate and PMOS sacrificial spacers on the 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;
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NMOS sacrificial spacers; f) performing a NMOS LDD implant to form N-LDD
regions adjacent to said NMOS sacrificial gate; 28 g) forming a PMOS LDD
mask over the substrate with opening over the PMOS area; h) performing a
PMOS LDD implant form to P-LDD regions adjacent to said PMOS sacrificial
gate; i) in a bottom pad dielectric thinning step, removing the PMOS
sacrificial spacers and the NMOS sacrificial spacers; j) forming NMOS
spacers on said NMOS sacrificial gate and PMOS spacers on said PMOS

sacrificig! gafgirhineal lexnmsa N (B implastiadosmNdermSHer the PMOS
regions adjacent to said NMOS sacrificial gate; m) performing a PMOS S/D

implant to fftf* PMOS S/D regions adjacent to said PMOS sacrificial gate; n)

formingyp diglegtitlaver RVEIS a0 BUbEraief@iaParipDasaishdliglReYit to said
layer to remove said NMOS hard mask to expose said PMOS sacrificial gate
NMOS sachhiaP §atELisia#Ating a PMOS poly etch mask having an PMOS

poly opigningovessiaich PMASierer: Mliemoviag saith IVQR T iakadieal
and portions of said bottom pad dielectric layer to form a PMOS gate

openings thRRESEHAERE PSS dradit BetBATgad dielectric layer:
1) forming NMOS spacers on said NMOS sacrificial gate and PMOS spacers

on said PMOS sacrificial gate;

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

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

n) forming a dielectric layer over said substrate;

0)  planarizing said dielectric layer to remove said NMOS hard mask to expose
said PMOS sacrificial gate 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 openings that expose portions of said
bottom pad dielectric layer;

r) removing the exposed portions of said bottom pad dielectric layer in said
PMOS gate openings;

s)  forming a PMOS gate dielectric layer over said substrate in said gate
openings;

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

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

openings;

29



r) removing the exposed portions of said bottom pad dielectric layer in said
PMOS gate openings; s) forming a PMOS gate dielectric layer over said
substrate in said gate openings; t) forming a first metal layer filling said
PMOS gate openings; u) planarizing said first metal layer to form a PMOS
gate said PMOS gate openings; 29 v) forming a NMOS poly etch mask
having an NMOS poly opening over said NMOS area; w) removing said
NMOS sacrificial gate and portions of said bottom pad dielectric layer to form

a NMOg gatp,ARRHIAGSNIES puppeR PaiiaNsAfiagith RaHoD Rad gielaatisver said

layer; x) remow é'g the exposed portions of said bottom pad dielectric layer in
said NMOSYHLS 8f@nings: y) forming a NMOS gate dielectric layer over said

substragg in saichgwie: ERENNIIZ kerNing aseeanpsnesak Iaﬁ/%@%@&aaiq)ad
NMOS gate dielectric layer and fI||I%% said NMOS, gat%%Pemngs aa)

planarizing U&lEFEAC BRSO TSr#S RS FRRATA RIS fatald

openings. Ipibhepnethadaficiaysrs4 wherein said NMOS gate has a
dn‘ferent work function than said PMOS gate. 36. The method of claim 34

whereiffsaid Wgﬂ@ﬁ{g W%F%Wép%rﬂffﬁmﬂt%)ﬁt%ﬂad dielectric layer 1n said
NMOS gate openings;

y)  forming a NMOS gate dielectric layer over said substrate in said gate
openings;

z)  forming a second metal layer over said NMOS gate dielectric layer and
filling said NMOS gate openings;

aa) planarizing said second metal layer to form a NMOS gate in said NMOS
gate openings.

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 before the bottom pad dielectric thinning step, the
bottom pad dielectric has a thickness between 50 and 400 A and after the bottom pad
dielectric thinning step, the exposed bottom pad dielectric has a thickness between 20

and 120 A.
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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 before the bottom

pad dielectric thinning step, the bottom pad dielectric has a thickness

between 50 and 400 A and after the bottom pad dielectric thinning step, the
agposephbatianbaad diglgctichasem HitckaessReiwean éR1@nec kB AiindQtep, the

40. The method of claim 34 wherein after the bottom é‘)ad dielectric thinning

stefRAF BB HLHTR Pas e etttk Has Betiiekhedsbbirdety 20 and 120

A1 A1. Tine merrbptalains4ndieneiaiganlicd QRdale brREVHERdatyern 5 %

and 50 % narrower than said NMOS gate. 31
narrower than said NMOS gate.
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