
200200109-7  CS 00 -107 0 JAN 2002 A METHOD TO FORM TRANSISTORS WITH
MULTIPLE THRESHOLD  VOLTAGES {V1) USING A COMBINATION OF DIFFERENT WORK
FUNCTION GATE MATERIALS FIELD OF THE INVENTION The present invention
relates generally to forming integrated circuit  transistors, and more
specifically to a method of forming integrated circuit  transistor gates
that control short channel effects. 1 CS 00 -107 BACKGROUND OF THE
INVENTION Deep submicron transistors require special implants, for example
pocket implants, to control short channel effects. U.S. Patent No.
5,960,270 to Misra et al. describes a gate with SiN  spacers 23 and a WF1
gate, for example metal. U.S. Patent No. 5,447,874 to Grivna et al.
describes a dual metal gate.  U.S. Patent No. 5,776,823 to Agnello et al.
describes a multi-level (WF)  gate. 



U.S. Patent No. 5,966,597 to Wright and U.S. Patent No. 5,965,911 to  Joo
et al. describes describe dual material gates. U.S. Patent No. 6,051,470 to
An et al. describes a dual-gate electrode  having edge conductive portions,
a central conductive portion, and dielectric  sidewall spacers formed
between the edge conductive portions and the central  conductive portion. 2
CS 00 -107 SUMMARY OF THE INVENTION Accordingly, it is an object of the
present invention to provide a  method of fabricating a gate with multiple
threshold voltages (VT). Another object of the present invention to provide
a method of  fabricating a gate with multiple threshold voltages by using a
combination of  different work function gate materials while avoiding
special implants. Other objects will appear hereinafter. It has now been
discovered that the above and other objects of the  present invention may
be accomplished in the following manner. Specifically, a  semiconductor
substrate having an overlying patterned layer exposing a portion of  the
substrate within active area and patterned layer opening. The patterned
layer  



having exposed sidewalls. Internal spacers are formed over a portion of the
exposed substrate portion within the patterned layer opening on the
patterned  layer exposed sidewalls. The internal spacers being comprised of
a WF1 material  having a first work function. A planarized gate electrode
body is formed within the  remaining portion of the patterned layer opening
and adjacent to the internal  spacers. The gate electrode body being
comprised of a WF2 material having a  second work function. The internal
spacers and the gate electrode body forming the  gate electrode. 3 CS 00
-107 BRIEF DESCRIPTION OF THE DRAWINGS The features and advantages of 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: Figs. I to 4 schematically illustrate in
cross-sectional representation a  preferred embodiment of the present
invention. 4 CS 00 -107 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT  Unless otherwise
specified, all structures, layers, etc. may be formed  or accomplished by
conventional methods known in the prior art. Starting Structure Accordingly
as shown in Fig. 1, starting semiconductor substrate 10  may be a silicon
substrate. Well and punch through implants (not shown) are  performed using
N-well and P-well masks as appropriate. Shallow trench isolations (STIs) 12
are formed within silicon substrate  10 and define active area 14
therebetween. Sacrificial oxide layer 16 is formed over silicon substrate
10 and STIs  12. Sacrificial oxide layer 16 is preferably from about 100 to
300A thick. Formation of Patterned Laver As shown in Fig. 2, sacrificial
oxide layer 16 is removed. Patterned layer 18 is formed over silicon
substrate 10 and STIs 12 to a  thickness of preferably from about 1000 to
3000A. Patterned layer 18 is preferably  formed of silicon oxide (SiO,) or
sijicon nitride (Si3N4), and is more preferably  formed of silicon nitride
(nitride). 5 CS 00 -107 



Patterned nitride layer 18 has opening 26 which exposes a portion 20  of
silicon substrate 10 within active area 14. Patterned nitride layer 18 also
has  exposed sidewalls 27 within opening 26. Formation of Gate Oxide Layer
As shown in Fig. 3, layer of gate oxide 22 is formed over portion 20 of
silicon substrate 10 within opening 26. Gate oxide 22 is preferably from
about 10 to  50A thick, and is more preferably from about 15 to 25A thick.
Formation of WFI Internal Spacers As shown in Fig. 3, a WF1 material layer
having a first work function  is deposited within patterned nitride layer
opening 26, and is etched to form WF1  internal spacers 24 on the exposed
sidewalls 27 of patterned nitride layer 18. WF1  internal spacers 24 have a
base width 27 of preferably from about 200 to 1200A, and  more preferably
from about 200 to 400A. Formation of WF2 Gate Electrode Body As shown in
Fig. 4, WF2 material having a second work function is  deposited within
patterned nitride layer opening 26 adjacent to WF1 internal  spacers 24,
and is then planarized (preferably by chemical mechanical polishing  (CM?))
to form WF2 gate electrode body 28. Work function is a common
semiconductor physics term. It is the energy required to bring an electron
at the  



Fermi level of a material to the vacuum or free energy, level. 6 CS 00 -107
Planarized WF2 gate electrode body 28 is preferably from about 1000  to
3000A thick, and is more preferably from about 1500 to 2500A thick. WF1
internal spacers 24 and WF2 gate electrode body 28 together  comprise gate
electrode 30. Composition of WF1 Internal Spacers 24 and WF2 Gate Electrode
Body The following Table I illustrates the preferred WF1 / WF2 material
combinations for the WF1 internal spacers 24 and the WF2 gate electrode
body 28  forming gate electrode 30 for a PMOS and NMOS device. Table I
illustrates a  combination of preferred WF1/WF2 materials comprising gate
electrode 30 with  the more preferred ("mp") materials so indicated. Any
PMOS WF1 material from  the PMOS WF1 column may be selected and combined
with any PMOS WF2  material selected from the PMOS WF2 column; and any NMOS
WF1 material from  the NMOS WF1 column may be selected and combined with
any NMOS WF2  material selected from the NMOS WF2 column. 7 CS 00-107 



TABLE I PMOS NMOS  WFl WF2 [WFI WF2  W TaN W RuO,  Co Ti Co Pt  Ni Ta Ni
TiSi, Mo TiSi2  WSi Al WSi  NiSi NiSi  Cosi Cosi  WN WN  Ti:ti TiN
Conventional techniques may then be used to form semiconductor transistors
incorporating the gate electrode 30 fabricated in accordance with the
present invention. Gate electrodes 30 control short channel effects without
the necessity  of having to form special implants such as pocket implants
because the different  work function near the edge will give a higher local
V,.. The advantages of the present invention include: 



1. its compatibility with advanced metal gate processes; and  2. it is a
simpler process without pocket implants. 8 CS 00 -107 While particular
embodiments of the present invention have been  illustrated and described,
it is not intended to limit the invention, except as defined  by the
following claims. 9 CS 00 -107 11*11{11111111l1111111111 11 C L M  CLAIMS
We claim: 1. A method of forming a gate electrode, comprising the steps of:
a) providing a semiconductor substrate having an overlying patterned laver
exposing a portion of said substrate within active area and patterned layer
opening;  said patterned layer having exposed sidewalls; 5 b) forming
internal spacers over a portion of said exposed substrate portion  within
said patterned layer opening on said patterned layer exposed sidewalls;
said  



internal spacers being comprised of a WF1 material having a first work
function;  and c) forming a planarized gate electrode body within the
remaining portion of  10 said patterned layer opening and adjacent to said
internal spacers; said gate  electrode body being comprised of a WF2
material having a second work function;  said internal spacers and said
gate electrode body forming said gate electrode. 2. The method of claim 1,
wherein said substrate includes STIs defining said  active area. 3. The
method of claim 1, wherein said patterned layer is comprised of a layer
selected from the group consisting of silicon oxide and silicon nitride;
said WF1  material is selected from the PMOS WF1 column of Table I; and
said WF2 material  is selected from the PMOS WF2 column of Table I. 10 CS
00 - 107 f 1!11IIi 111111 111ff 11111 ff 1111 L M s 4. The method of claim
1, wherein said patterned layer is comprised of a layer  selected from the
group consisting of silicon oxide and silicon nitride; said WF1  material
is selected from the NMOS WF1 column of Table I; and said WF2 material  



is selected from the NMOS WF2 column of Table I. 5. The method of claim 1,
wherein said patterned layer is comprised of a layer  selected from the
group consisting of silicon oxide and silicon nitride; said WF1  material
is selected from the PINTOS WF1 column of Table I; and said WF2 material
is selected from the PMOS WF2 column of Table I. 6. The method of claim 1,
wherein said patterned layer is comprised of silicon  nitride; said WF1
material is TiNX; and said WF2 material is TaN. 7. The method of claim 1,
wherein said patterned layer 18 is comprised of  silicon nitride; said WF1
material is TiSi1; and said WF2 material is RuO,. 8. The method of claim 1,
including the step of forming a gate oxide layer over  said exposed portion
of substrate within patterned layer opening before said  internal spacer
formation step; said gate oxide layer having a thickness of from  0 about
10 to 50A. 9. The method of claim 1, wherein said patterned layer is from
about 1000 to  3000A thick and is comprised of silicon nitride; said
internal spacers have a base  width of from about 200 to 1200A; and said
gate electrode body is from about 1000  to 3000A. thick. 11 



CS 00 - 107 111111 lull 11111 II 1111 10. The method of claim 1, wherein
said patterned layer is from about 1000 to  0 3000A thick and is comprised
of silicon nitride; said internal spacers have a base  width of from about
200 to 400.; and said gate electrode body is from about 1500 to  2500A
thick. 11. A method of forming a gate electrode, comprising the steps of:
a) providing a semiconductor substrate having an overlying patterned layer
exposing a portion of said substrate within active area and patterned layer
opening;  said patterned layer having exposed sidewalls; 5 b) forming a
gate oxide layer upon said substrate exposed portion; c) forming internal
spacers over a portion of said gate oxide layer within said  patterned
layer opening on said patterned layer exposed sidewalls; said internal
spacers being comprised of a WF1 material having a first work function; and
d) forming a planarized gate electrode body within the remaining portion of
10 said patterned layer opening upon said gate oxide layer and adjacent to
said  internal spacers; said gate electrode body being comprised of a WF2
material  having a second work function; said internal spacers and said
gate electrode body forming said gate electrode.  



12. The method of claim 11, wherein said substrate includes STIs defining
said  active area. 13. The method of claim 11, wherein said patterned layer
is comprised of a layer  selected from the group consisting.of silicon
oxide and silicon nitride; said WF1  material is selected from the PMOS WF1
column of Table I; and said WF2 material  is selected from the PMOS WF2
column of Table I. 12 CS 00 - 107 1111111 C L M S 14. The method of claim
11, wherein said patterned layer is comprised of a layer  selected from the
group consisting of silicon oxide and silicon nitride; said WFI  material
is selected from the NMOS WF1 column of Table I; and said WF2 material  is
selected from the NMOS WF2 column of Table I. 15. The method of claim 11,
wherein said patterned layer is comprised of silicon  nitride; said WF1
material is TiNx; and said WF2 material is TaN. 16. The method of claim 11,
wherein said patterned layer is comprised of silicon  nitride; said WF1
material is TiSi,; and said WF2 material is Ru02. 17. The method of claim
11, wherein said gate oxide layer is from about 10 to  



50A thick; said patterned layer is from about 1000 to 3000A thick and is
comprised  of silicon nitride; said internal spacers have a base width of
from about 200 to  1200A; and said gate electrode body is from about 1000
to 3000A thick. 18. The method of claim 11, wherein said gate oxide layer
is from about 15 to  25A thick; said patterned layer is from about 1000 to
3000A thick and is comprised  of silicon nitride; said internal spacers
have a base width of from about 200 to 400A;  and said gate electrode body
is from about 1500 to 2500A thick. 19. A method of forming a gate
electrode, comprising the steps of: a) providing a semiconductor. substrate
having an overlying patterned layer  exposing a portion of said substrate
within active area and patterned layer opening;  13 CS 00 -107f C L 5 said
patterned layer having exposed sidewalls; said substrate includes STIs  5
defining said active area. b) forming a gate oxide layer upon said
substrate exposed portion; c) forming internal spacers over a portion of
said gate oxide layer within said  patterned layer opening on said
patterned layer exposed sidewalls; said internal  spacers being comprised
of a WFI material having a first work function; and 



10 d) forming a planarized gate electrode body within the remaining portion
of  said patterned layer opening upon said gate oxide layer and adjacent to
said  internal spacers; said gate electrode body being comprised of a WF2
material  having a second work function; said internal spacers and said
gate electrode body forming said gate electrode.  20. The method of claim
19, wherein said patterned layer is comprised of a layer  selected from the
group consisting of silicon oxide and silicon nitride; said WF1  material
is selected from the PMOS WFI column of Table I; and said WF2 material  is
selected from the PMOS WF2 column of Table I. 21. The method of claim 19,
wherein said patterned layer is comprised of a layer  selected from the
group consisting of silicon oxide and silicon nitride; said WF1  material
is selected from the NMOS WF1 column of Table I; and said WF2 material  is
selected from the NMOS WF2 column of Table I. 22. The method of claim 19,
wherein said patterned layer is comprised of a layer  selected from the
group consisting.of silicon oxide and silicon nitride; said WF1  material
is selected from the PMOS WF1 column of Table I; and said WF2 material  is
selected from the PMOS WF2 column of Table I. 14 CS 00 -107 



11111111 III111 , S 23. The method of claim 19, wherein said patterned
layer is comprised of silicon  nitride; said WF1 material is TiNX; and said
WF2 material is TaN. 24. The method of claim 19, wherein said patterned
layer is comprised of silicon  nitride; said WF1 material is TiSi.,; and
said WF2 material is RuO2. 25. The method of claim 19, wherein said gate
oxide layer is from about 10 to  50A thick; said patterned layer is from
about 1000 to 3000A thick and is comprised  of silicon nitride; said
internal spacers have a base width of from about 200 to  1200A; and said
gate electrode body is from about 1000 to 3000A thick. 26. The method of
claim 19, wherein said gate oxide layer is from about 15 to  25A thick;
said patterned layer is from about 1000 to 3000A thick and is comprised  of
silicon nitride; said internal spacers have a base width of from about 200
to 400A;  and said gate electrode body is from about 1500 to 2500A thick.
15 


