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1. A CMOS semiconductor fabrication process, comprising:

providing a first semiconductor layer;

forming NMOS and PMOS gate structures overlying the first semicofiductor
layer, each of the NMOS and PMOS gate structures having exposed gate/Sidewalls;

depositing a first contact etch stop layer over the NMOS and PMOS gate
structures;

etching the first contact etch stop layer to form sidewall gpacers adjacent to the
NMOS and PMOS gate structures;

depositing a second contact etch stop layer over thé NMOS and PMOS gate
structures and the sidewall spacers;

where one of the first or second contact etch/top layers is a tensile material
and the other of the first or second contact etch sgop layers is a compressive or neutral

material that acts as a hydrogen source.

2. The process of claim 1, where fopming a first semiconductor layer comprises

forming a layer of silicon containing semicopuctor with <100> channel orientation.

here forming NMOS and PMOS gate structures
spacers from the sidewalls of the NMOS and PMOS

3. The process of claim 1,
comprises selectively etching impla
gate structures, where the implany/spacers were used to form source/drain regions below the

NMOS and PMOS gate struc

4. The procegs of claim 1, where depositing the first contact etch stop layer
comprises depositing # tensile contact etch stop layer over the NMOS and PMOS gate

structures.

The process of claim 4, where depositing the second contact etch stop layer
comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures and the sidewall spacers.
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comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures.

7. The process of claim 7, where depositing the second contact etch stop layer
comprises depositing a tensile contact etch stop layer over the NMOS and PMOY gate

structures and the sidewall spacers.

8. The process of claim 1, where the NMOS and PMOS gatg structures each

comprise a high-k dielectric and a metal gate electrode.

9. The process of claim 1, where etching the first cgntact etch stop layer to form
sidewall spacers comprises:

anisotropically etching the first contact etch stop lyer to form tensile sidewall spacers
that stress a channel region formed below the NMOS gate structure, where the tensile
sidewall spacers have a width that is controlled to e/fminate the formation of voids when the

second contact etch stop layer is deposited.

10. The process of claim 1, wheg€ etching the first contact etch stop layer to form
sidewall spacers comprises:

anisotropically etching the firgf contact etch stop layer to form neutral or compressive
sidewall spacers that introduce hydfogen to passivate surface dangling bonds in a channel
semiconductor below the PMOg gate structure, where the neutral or compressive sidewall
spacers have a width that is gOntrolled to eliminate the formation of voids when the second

contact etch stop layer is geposited.

11. A CMOS fabrication process for forming a semiconductor integrated circuit,
comprising;:
providing a first semiconductor layer having a <100> channel orientation;
forming PMOS and NMOS gate structures over the first semiconductor layer,
ere the PMOS and NMOS gate structures comprise implant spacers formed on

sidewalls of the PMOS and NMOS gate structures;
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gate structures;

forming sidewall spacers adjacent to the PMOS and NMOS gate structures/
and

forming an etch stop layer over the sidewall spacers and the PMOS gad
NMOS gate structures;

where one of the sidewall spacers or the etch stop layer is forméd with a
tensile material and the other of the sidewall spacers or the etch stog layer is formed

with a hydrogen-rich material.

12. The CMOS fabrication process of claim 11, where forming PMOS and NMOS
gate structures comprises:

forming a plurality of metal gate electrodes over a high-k containing dielectric layer
that is formed on the first semiconductor layer; and

forming implant spacers on the sidewalls of eagh metal gate electrode that are used to

implant source/drain regions in the first semicondugfor layer.

13.  The CMOS fabrication procesy/of claim 11, where forming sidewall spacers
comprises:

depositing a first tensile silicon pitride layer over the NMOS and PMOS gate
structures; and

anisotropically etching the/Airst tensile silicon nitride layer to form tensile sidewall
spacers that stress a channel region formed below each NMOS gate structure, where the
tensile sidewall spacers havg/a width that is controlled to eliminate the formation of voids

when the etch stop layer 4 formed.

14.  The £ZMOS fabrication process of claim 13, where forming an etch stop layer
comprises deposging a layer of silicon nitride having an atomic percentage of at least six

percent hydrogen.
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comprises forming tensile sidewall spacers having a controlled width with a thickness in the

range of approximately 150-400 Angstroms.

16.  The CMOS fabrication process of claim 11, where forming sidewall spacers
comprises:

depositing a hydrogen-rich silicon nitride layer over the NMOS and PMOS gate
structures; and

anisotropically etching the hydrogen-rich silicon nitride layer to f6rm sidewall spacers
that act as a hydrogen source, where the sidewall spacers have a widtlythat is controlled to

eliminate the formation of voids when the etch stop layer is formed/

17.  The CMOS fabrication process of claim 16, wiere forming an etch stop layer
comprises depositing a tensile silicon nitride layer over the/sidewall spacers and the PMOS

and NMOS gate structures.

18. The CMOS fabrication process of ¢glaim 11, where forming sidewall spacers
comprises forming hydrogen-rich sidewall spagérs having a controlled width with a thickness

in the range of approximately 50-200 AngstgOms.

19. A semiconductor devicg/comprising:

a semiconductor substrate having a <100> channel orientation;

PMOS and NMOS gate sfructures overlying the silicon substrate;

first spacer structures foOrmed adjacent to the PMOS and NMOS gate structures after
source/drain implantation; dnd

a contact etch stgp layer formed over the PMOS and NMOS gate structures and the
first spacer structurey/

where eithgr the first spacer structures or the contact etch stop layer is formed with a
tensile materialhat stresses channel regions formed below the NMOS gate structures, and
the other of the first spacer structures or the contact etch stop layer is formed with a
hydrogenArich material that introduces hydrogen to passivate dangling bonds in channel

semicgfiductor regions below the PMOS gate structures.
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width that is controlled to eliminate the formation of voids when the contact etch stop layer ig

formed.
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What is claimed is:

1. A CMOS semiconductor fabrication process, comprising:

providing a first semiconductor layer;

forming NMOS and PMOS gate structures overlying the first semiconductor

layer, each of the NMOS and PMOS gate structures having exposed gate sidewalls;

depositing a first contact etch stop layer over the NMOS and PMOS gate

structures;

anisotropically etching the first contact etch stop layer over the NMOS and

PMOS gate structures to form sidewall spacers adjacent to the NMOS and PMOS gate

structures;

depositing a second contact etch stop layer over the NMOS and PMOS gate

structures and the sidewall spacers;

where one of the first or second contact etch stop layers is a tensile material

and the other of the first or second contact etch stop layers is a compressive or neutral

material that acts as a hydrogen source.

2. The process of claim 1, where forming a first semiconductor layer comprises

forming a layer of silicon containing semiconductor with <100> channel orientation.

3. The process of claim 1, where forming NMOS and PMOS gate structures

comprises selectively etching implant spacers from the sidewalls of the NMOS and PMOS

gate structures, where the implant spacers were used to form source/drain regions below

the NMOS and PMOS gate structures.
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4. The process of claim 1, where depositing the first contact etch stop layer

comprises depositing a tensile contact etch stop layer over the NMOS and PMOS gate

structures.

5. The process of claim 4, where depositing the second contact etch stop layer

comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures and the sidewall spacers.

6. The process of claim 1, where depositing the first contact etch stop layer

comprises depositing a neutral or compressive contact etch stop layer over the NMOS and

PMOS gate structures.

7. The process of claim 6, where depositing the second contact etch stop layer

comprises depositing a tensile contact etch stop layer over the NMOS and PMOS gate

structures and the sidewall spacers.

8. The process of claim 1, where the NMOS and PMOS gate structures each

comprise a high-k dielectric and a metal gate electrode.

9. The process of claim 1, where anisotropically etching the first contact etch

stop layer to form sidewall spacers comprises:

anisotropically etching the first contact etch stop layer to form tensile sidewall

spacers that stress a channel region formed below the NMOS gate structure, where the

tensile sidewall spacers have a width that is controlled to eliminate the formation of voids
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when the second contact etch stop layer is deposited.

10. The process of claim 1, where anisotropically etching the first contact etch

stop layer to form sidewall spacers comprises:

anisotropically etching the first contact etch stop layer to form neutral or

compressive sidewall spacers that introduce hydrogen to passivate surface dangling bonds

in a channel semiconductor below the PMOS qgate structure, where the neutral or

compressive sidewall spacers have a width that is controlled to eliminate the formation of

voids when the second contact etch stop layer is deposited.

11. A CMOS fabrication process for forming a semiconductor integrated

circuit, comprising:

providing a first semiconductor layer having a <100>channel orientation;

forming PMOS and NMOS gate structures over the first sesmiconductor layer,

where the PMOS and NMOS gate structures comprise implant spacers formed on

sidewalls of the PMOS and NMOS gate structures;

removing the implant spacers from the sidewalls of the PMOS and NMOS gate

structures;

forming sidewall spacers adjacent to the PMOS and NMOS gate structures by

depositing a silicon nitride layer over the PMOS and NMOS gate structures and

anisotropically etching the silicon nitride layer over the PMOS and NMOS gate structures

to form sidewall spacers adjacent to the PMOS and NMOS gate structures; and

forming an etch stop layer over the sidewall spacers and the PMOS and NMQOS

gate structures; where one of the sidewall spacers or the etch stop layer is formed with a
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tensile material and the other of the sidewall spacers or the etch stop layer is formed with a

hydrogen-rich material.

12. The CMOS fabrication process of claim 11, where forming PMOS and

NMOS gate structures comprises:

forming a plurality of metal gate electrodes over a high-k containing dielectric layer

that is formed on the first semiconductor layer; and

forming implant spacers on the sidewalls of each metal gate electrode that are used

to implant source/drain regions in the first semiconductor layer.

13. The CMOS fabrication process of claim 11, where forming sidewall spacers

comprises:

depositing a first tensile silicon nitride layer over the NMOS and PMOS gate

structures; and

anisotropically etching the first tensile silicon nitride layer to form tensile sidewall

spacers that stress a channel region formed below each NMOS gate structure, where the

tensile sidewall spacers have a width that is controlled to eliminate the formation of voids

when the etch stop layer is formed.

14. The CMOS fabrication process of claim 13, where forming an etch stop

layer comprises depositing a layer of silicon nitride having an atomic percentage of at least

six percent hydrogen.

15. The CMOS fabrication process of claim 11, where forming sidewall spacers
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comprises forming tensile sidewall spacers having a controlled width with a thickness in

the range of approximately 150-400 Angstroms.

16. The CMOS fabrication process of claim 11, where forming sidewall spacers

comprises:

depositing a hydrogen-rich silicon nitride layer over the NMOS and PMOS gate

structures; and

anisotropically etching the hydrogen-rich silicon nitride layer to form

sidewall spacers that act as a hydrogen source, where the sidewall spacers have a width

that is controlled to eliminate the formation of voids when the etch stop layer is formed.

17. The CMOS fabrication process of claim 16, where forming an etch stop

layer comprises depositing a tensile silicon nitride layer over the sidewall spacers and the

PMOS and NMOS gate structures.

18. The CMOS fabrication process of claim 11, where forming sidewall spacers

comprises forming hydrogen-rich sidewall spacers having a controlled width with a

thickness in the range of approximately 50-200 Angstroms.
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