
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 PET 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 SiOzmaterial
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). 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  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/Si02system. If  silicon
dioxide continues to grow thinner, the poly depletion
effect causes higher EOT and  aggravates short channel
effects. The gate capacitance and the saturation
current would be  reduced. These would make current
silicon dioxide material seems almost impossible for  



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 PET which is
characterized as follows. forming a bottom pad
dielectric layer and a polysilicon layer over a
substrate; said bottom pad dielectric layer has a
first thickness; patterning the polysilicon layer to
form a sacrificial gate; 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 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 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.
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. 



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 illustrating a first  embodiment of the invention.
Figures I 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. 5 Detailed
Description of the Example Embodiments  1. Overview
Example embodiments of the invention show a process to
form a FET  using a replacement gate process. The
process and parameters are examples. The exact  



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 (lightly doped drain) Implant.
The distance (e.g., width of  sacrificial 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 Ito 14 and 18 to 23, two
metal gates with different work functions are formed.
6 II. First example embodiment Referring to figure 1,
we form a n-well 14 in PMOS area I 1 and a p- well 18
in a NMOS area 12 in a substrate 10. The substrate can
be silicon wafer and  



other substrate using in semiconductor manufacturing.
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.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. 7 



As shown in figure 2, we perform a PMOS sacrificial
gate  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
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. 8
fi  gt  



The NMOS sacrificial spacers 50 can have a thickness
between 50 and 2500 A and more preferably between 50
and 500 A. The PMOS sacrificial spacers 46 can [  have
a thickness between 100 and 5000 A and more preferably
between 100 and 500 A. 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 spacer/gate width 5 1.
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. 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 P. 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 implant to P-LDD
regions 66 adjacent  to the PMOS sacrificial gate 36.
The P-LDD regions 66 preferably have a Boron
concentration between IE13 and 5E 15 atom/cc. We
perform a pocket implant in the PMOS area I 1 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
HE 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 25A, 25B, 25C.
This reduces undercut of the oxide 24 under the
sacrificial gates 36 32  during the Channel Oxide
Strip. This lowers the Co,, - ( gate overlap
capacitance). A feature is that during this
controllable stripping of the this trimming  oxide;
some of the initial pad oxide layer 24 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. Referring to
figure 7, we form a spacer dielectric layer 70 over
the  substrate 10. The spacer dielectric layer 70
preferably has a thickness between 50 and  5000 A. The
spacer dielectric layer is preferably comprised of
silicon oxynitride. 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
(source/drain) 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
IE13 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, As). As shown in figure 11, we
remove the PMOS S/D mask 90. 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 (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  



a width I I OW. The PMOS sacrificial gate 32 NMOS
sacrificial gate 36 are preferably  removed using an
etch. 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 T-gate transistors.
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  (source drain
extension)) 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 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, TiSi2, CoSi2, NiSi 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 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
130W 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 A and more preferably between 250  and
1200 A. The NMOS gate 130 preferably has a width 130W
between (wide  range) 120 and 3500 A and more
preferably between (narrower range) 450 and 1300 A.
The PMOS gate 126 preferably has a width 126W between
(wide range) 100 and 3400 A  and more preferably
between (narrower range) 250 and 1200 A. NOTE Inventor
- please  ensure that the NMOS gate width 126W ranges
are narrower than the PMOS gate width  130W (because
of the gate spacers). For example, the PMOS gate width
126W is preferably between 5  and 50 % narrower than
the the NMOS gate width 130W 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: 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. 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
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 the initial pad oxide layer 24 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. 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 11 I 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 high work function. As shown in figure 20, we
planarize the first metal layer 208 to form a  PMOS
gate 212 in the PMOS gate openings 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 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. 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
comprised of a material that has a lower  work
function than the PMOS gate 212. Preferably the NMOS
gate 240 is comprised of a  metal that has a lower
work function than 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 comprised of materials similar to the NMOS
gate. W, TiN, TiSi2,  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 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
dielectric layer  (See especially figure 24C). Figure
24A shows a pad dielectric layer 324 that typically
has a thickness (A or B) of between 55 and 400 A. The
pad dielectric layer 324 is  typically thicker than
the embodiment's pad dielectric layer because more
margin for the  poly etch is needed by the example
process. In contrast, a pad dielectric layer of the
embodiment preferably has a thickness between 50 and
200 A. A sacrificial gate 330 is formed on the pad
dielectric layer. Referring to figure 24B, spacers 374
are formed. Then, a dielectric layer  (e.g., PMD) 306
is deposited and polished back Referring to figure
24C, the sacrificial gate 330 is removed in gate
opening 315. 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  18 A and more preferably
between 50 and 200 A.. The pad dielectric 24A outside
the gate,  after the pad dielectric thinning etch, can
have a thickness D between 10 and 120 A. After the
embodiments pad dielectric layer thinning step, the
pad  dielectric layer (24A) outside the sacrificial
gate has a thickness D preferably between  30% and 90%
and more preferably between 50 and 66 % of the
thickness C of the  unthinned pad dielectric layer
(24B) (e.g., under the sacrificial gate). But because
the  thinned pad dielectric layer 24A is below the
spacer 74, the lateral etch rate is slower and
therefore less undercut. Referring to figure 25C, the
sacrificial gate 32 is removed. Next, the  pad oxide
24 over the channel region is removed using a wet
etch. The etch removes a  narrow width F of pad oxide
24A underneath the spacers. The width F of oxide 24
removed is typically between 20 and 120 A. and more
preferably 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)
(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 19
regarding those discussed herein relative to those not
discussed herein other than for  purposes of space and
reducing repetition. In the above description numerous
specific details are set forth such as  flow rates,
pressure settings, thicknesses, etc., in order to
provide a more thorough  understanding of the present
invention. It will be obvious, however, to one skilled
in the  art that the present invention may be
practiced without these details. In other instances,
well known process have not been described in detail
in order to not 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. 20 What is claimed is: 1. A method of
fabrication of a semiconductor device comprising steps
of: a) forming a bottom pad dielectric layer and a
silicon containing 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 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 to 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.  21 2. The method of claim 1 wherein
the second thickness of said bottom pad dielectric
layer is between 30% and 90%, of the first thickness.
3. The method of claim 1 wherein the second thickness
of said bottom pad dielectric  layer is between 50 and
66% of the first thickness. 4. The method of claim 1
wherein the bottom pad dielectric thinning step,
further  comprises using an isotropic etch. 5. The
method of claim 1 wherein the bottom pad dielectric
thinning step, further  comprises using an wet etch.
6. A method of fabrication of a semiconductor 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; 22 h) in a bottom pad dielectric
thinning step, removing the PMOS sacrificial  spacers
and the NMOS sacrificial spacers and removing portions
of the bottom pad  dielectric layer; i) forming NMOS
spacers on said NMOS sacrificial gate and PMOS spacers
on said PMOS sacrificial gate; k) performing a NMOS
S/D implant to form NMOS S/D regions adjacent to  said
NMOS sacrificial gate; 



1) performing a PMOS S/D implant to form PMOS S/D
regions adjacent to  said PMOS sacrificial gate; m)
forming a dielectric layer over said substrate; n)
planarizing said dielectric layer to expose said PMOS
sacrificial gate and  said 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 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.  23 11. The method of claim 6
wherein said bottom pad dielectric layer in step b) is
comprised of oxide and has a thickness between 50 and
400 A. 12. The method of claim 6 wherein the
polysilicon layer has a thickness  



between 1000 and 2000 A. 13. The method of claim 6
wherein said NMOS sacrificial spacers have thickness
between 50 and 2500 A and said PMOS sacrificial
spacers have a thickness between 100  and 5000 A. 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, TiSi21 CoSi2, NiSi 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
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. 24 21. A method of fabrication of a
semiconductor device comprising steps of: 



a) forming a n-well in PMOS area and a p-well in a
NMOS area in a substrate;  b) forming isolation
regions in said substrate; c) forming a bottom pad
dielectric layer, a polysilicon layer and a hard mask
layer over said substrate; d) patterning the
polysilicon layer and the hard mask layer to form a
PMOS  sacrificial gate, a PMOS hard mask, a NMOS
sacrificial gate and NMOS hard  mask; e) forming a
PMOS mask over the substrate with an 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 an 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 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; i) forming
a NMOS LDD Mask over the substrate with an opening
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 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; 25 n) performing a PMOS LDD implant to form
P-LDD regions adjacent to said PMOS  sacrificial gate;
o) performing a pocket implant in said PMOS area to
form a PMOS pocket  regions; p) removing said PMOS LDD
mask; q) in a bottom pad thinning dielectric layer
step, removing the PMOS sacrificial  spacers and NMOS
sacrificial spacers and removing exposed portions of
the bottom pad  dielectric layer; 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 PMOS spacers on said PMOS sacrificial gate; t)
forming a NMOS S/D mask having an opening 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 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; 26 ee)
removing the exposed portions of said bottom pad
dielectric layer in said gate  openings to expose said
substrate in said gate openings; ff) forming a gate
dielectric layer on said substrate that is exposed in
said gate  openings; gg) forming a gate layer over
said gate dielectric layer in said gate openings; 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
claim 21 wherein said the PMOS 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 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, TiSi2,  



CoSi2, NiSi 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. 27 30. The method of claim 21
wherein in step q), 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. 31. The method of claim 21
wherein in step q) after the bottom pad dielectric
thinning step,  an exposed portion of the bottom pad
dielectric layer has a thickness between 20 and 120 A.
32. The method of claim 21 wherein said PMOS gate has
a width between 5 and 30% of a  width of said NMOS
gate. 33. The method of claim 21 wherein said PMOS
gate has a width between 5 and 50%0 of a  width of
said NMOS gate. 34. A method of fabrication of a
semiconductor 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; 28 g) forming a PMOS LDD mask over
the substrate with an opening over the PMOS  area; h)
performing a PMOS LDD implant to form 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 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 SD regions adjacent to
said PMOS sacrificial gate; n) forming 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 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 NMOS gate opening that
exposes portions of said  bottom pad dielectric layer;
x) removing the exposed portions of said bottom pad
dielectric layer in said  NMOS gate opening to expose
said substrate in said NMOS gate opening; y) forming a
NMOS gate dielectric layer over said substrate that is
exposed in said  NMOS gate opening; z) forming a
second metal layer over said NMOS gate dielectric
layer and  filling said NMOS gate opening; aa)
planarizing said second metal layer to form a NMOS
gate in 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. 30 40. The method 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 method of claim 34 wherein said PMOS gate has
a width of between 5 and 50%  narrower than said NMOS
gate. 31 


