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A METHOD TO FABRICATE A STRAINED Si CMOS STRUCTURE 
USING SELECTIVE EPITAXIAL DEPOSITION OF Si AFTER 

DEVICE ISOLATION FORMATION 

DESCRIPTION 

Field of the Invention 

The present invention relates to complementary metal 
oxide semiconductor (CMOS) device' manufacturing, and in 
particular to a method of forming a strained Si CMOS 
structure whe·rein the ·strained s.i channel· iayer of the 
structure is formed after conducting ··various 
high-temperature processing steps and af~er conducting 
various processing steps that typically consume Si. 

Background of the Invention · 

- -· -
In the semiconductor industry, 'strained ·si on SiGe CMOS' 
essentially refers to CMOS devices fabricated on a 
substrate that consists of a relatively thin (about 50 to 
about 300 A) strained Si layer epitaxially grown on top 

of a relatively thick (about 300 to about 20,000 A) 
relaxed SiGe layer. Publications in the past have shown 
the potential of achieving high-electron and hole 
mobilities in strained Si layefi: More recent 
publications have experimentally demonstrated that 
strained Si layers can be used as a channel region for 
metal oxide field effect transistors (MOSFETs), and have 
shown that device performance is enhanced in these 
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s-:.rl:.ctures compared to devices fabricated on conventio:-ial 
s.:.. s"..lbstrates. 

C::e .~f the difficulties ir: realizing strained Si CMOS 
-:.ecb:::ology is that the strained layer needs to be 
protected from high-temperature processing steps during 
the fabri~ation process. Exposure to high-temperature 
processing steps generally relaxes the strain in the 
strained layer. Moreover, ion implantation, which is 
typically used in well formation, may damage.the strained 
Si layer degrading the device proper.ties and.dimi:pishing 
the performance enhancements that caq be advantageously 
obtained when using strained Si layers. 

Furthermore, the thinner the strained layer is, the 
larger thermal .stress the strained layer can withstand 
without noticeable device degradation. However, various 
processing-·steps including oxidation and etching. (e.g., 
chemical etching and dry etching) consume the top Si 
layer; thus, in present processing of strained CMOS 
devices, the epitaxially strained Si layer has to be 
sufficiently thick to cover the potential thickness loss 
t~at may occur during oxidation· and/or etching. 

In view of the drawbacks mentioned hereinabove with prior 
art strained Si CMOS technology, there is a continued 
need to develop new and improved methods whereby the 
various prior art problems are substantiall~ eliminated. 
That is, a method of providing a strained Si CMOS device 
is needed wherein the strained Si layer is formed after 
~ost of the high-temperat~~e CMOS processing steps have 
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been completed and after most of the processing s~eps 

that consume Si have been completed. Such a ::-.ettod :·:ould 

provide a higher performance device than here~ofc~e 

possible with nrior art strained Si CMOS devices. 

Summary of the Invention 

One object of the present invention is to provide a 

strained Si CMOS device wherein the strained Si layer is 

not adversely affected by high-th~rmal budget processing 

steps. 

Another·object of the present invent~on:is to provide a 

strained Si CMOS device in which the -~trained Si layer is 

not consumed by processing steps that are known to 

consume Si in the active device areas, thereby minimizing 

the required thickness of the strained Si layer. 

A further ~bject of the present invention is to provide 

processing steps of fabricating a s.trained Si layer which 

are compatible with existing FET processing steps. 

These and other objects and advantages can be achieved in 

the present invention by utilizing the inventive method 

wherein the strained Si layer is formed after most of the 

high-temperature processing steps and after the Si 

consuming processing steps have been completed. 

Specifically, the inventive method comprises the steps 

of: 
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(a) forming a relaxed SiGe layer on a surface of a 

substra.te; 

(b) forming isolation regions ar.d well implant regions in 

said relaxed SiGe layer; and 

(c) forming a strained Si layer on said relaxed SiGe 

layer. 

In one embodiment of the present invention and prior to 

conducting step (b) above, an optional overlayer is 

formed on the relaxed SiGe layer. W~en an overlayer is 

present, the overlayer is typically removed prior to 

forming the strained Si layer and the strained Si layer 

is formed in the area previously occupied by the 

overlayer. 

In the present invention·, the strained Si layer may "'be 

formed by a selective epitaxial growth process where~n 

the strained Si layer is formed only in areas of the 

relaxed SiGe layer that are exposed. Alternatively, a 

non-selective epitaxial process may be used in forming 

the strained Si layer. If a non-selective epitaxial 

growth process is employed, the strained Si layer is 

formed over the entire structu~_, and lithography and 

etching are used to remove the strained Si layer from 

over the isolation regions 

The inventive processing steps mentioned above may be 

used in conjunction with conventional gate processing 

steps including gate dielectric formation, gate stack 
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formation, source/drain diffusion implantation, and etc. 

which are capable of for:rr,ing a FET on the str,ained Si 

layer. 
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Brief Descriptio~ of tt~ Drawi~crs 

Figs. 1-3 are pictorial views illus~=ating ~he various 

processing steps of the prese~t inve~tion. 

Fig. 4 ~s a pictorial view illustrat~ng a. Si CMOS device 

that can be fabricated using the basic processing steps 

of the present invention illustra~ed in Figs. 1-3 in 

conjunction with conventional gate fabrication processing 

·steps. 

Figs. 5-8 are pictorial views illustrating an alternative 

embodiment of the present invention wherein an overlayer 

is· employed. 

Detailed Description of the Invention 

The present invention will now.be described in more 

detail by referring to the drawings that accompany the 

present application. It is noted that in the 

accompanying drawings like reference numerals are used 

for describing like and/or corresponding elements. 

Reference is first made Figs. 1-3 wh~ch illustrate the 

basic processing steps of the presen~ invention. 

Specifically, Fig. 1 shows a basic structure that is 

fo+med after conducting step (a) of ~he present 

invention, i.e., after forming relaxed SiGe layer 12 on a 

surface of substrate 10. The relaxed SiGe layer is formed 

on a surface of substrate 10 utilizi~g any conventional 
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process that is capable of formi~g such a layer on a 

substrate. For example, the re:~xed SiGe layer ~ay be 

formed utilizing a conventional ;rowing process such as 

described in U.S. Patent No. s,:~S,907, a conve~~ional 

Czochralski crystal pulling process, or epi t_a.xy by solid 

phase regrowth such as described in U.S. Patent No. 

5;847,419; the contents of the each of the aforementioned 

U.S. Patents are incorporated herein by reference .. 

The relaxed SiGe layer is formed on a substrate which may 

include a semiconducting material such as Si, Ge, SiGe, 

GaAs, InAs;· InP and all other III/V s-emiconductors, or 

alternatively, the substrate may be composed of a layered 

substrate such as Si/SiGe or a silicon-on insulator 

{SOI) . 

It is noted that the method by which the relaxed SiGe 

layer is· prepared or- the· details of the-substrate are not' 

critical to the present invention. A critical aspect of 

the present invention however is that the strained Si 

layer which will eventually become the channel of the 

CMOS device is not present at this point of the process. 

This is unlike prior art processes wherein the strained 

laye·r is normal_ly formed at this point. 

In one embodiment of the present invention (See Figs. 5-

8), an optional overlayer 13 may be formed on top of the 

relaxed SiGe layer. When an _overlayer is employed, it is 

formed utilizing a conventional deposition process such 

as chemical vapor deposition (CVD}, plasma-assisted CVD, 

sputtering, ev~poration, spin-on coating, and other like 
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deposition processes. Any material which may serve as a 

p~ote-:::tive layer suet as dielectric films ~~ 
1.,·_ 

Sel!).iconducting layers may be employed in the prese:-:t 

i:::vne~ion. ?or example, Si02 , Si3Nq, SiGe c~ Si :::i.a•: '::>e 
used as overlayer 13. 

Fig. 2 ·(and Fig. 6) illustrates the structure that is 
obtained after formation of isolation ·regions 14 and well 
implants 16 in the structure. It-should be noted that 
although the drawings depict the formation of trench 
isolation regions in the structure, the present invention 
works well· with LOCOS (loc_a~ oxidation of silicon) 
isolation regions or other like isolation regions that 
are well known to those skilled in the art. 

The .isolation regions are formed utilizing conventional 
processing technique~ well known in the art. In case of 
the trencrr-·isolatiori regions; as shown in the drawings, 
the isolation regions are formed by defining the areas 
for the isolation regions utilizing conventional 
lithography (photoresist exposure and developed), etching 
a trench in the structure through the patterned 
photoresist by a conventional dry etching process such as 
reactive-ion etching (RIE), plasma etching er ion-beam 
etching, optionally filling the-etched trench with a 
conventional trench liner material such as Si02 or Si3N~, 

filling the etched trench with a trench dielectric 
material such as Si02 , and, i~ needed, conducting a 
conventional planarization process such as chemical­
mechanical polishing (CMP) or grinding. 
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It is noted that after etching the trench, the patterned 
photoresist is removed by utilizing any conventional 
stripping process well known to those skilled in the art. 
When the structure includes an overlayer, the trench is 
etched through the overlayer into the relaxeq SiGe layer 

~ .. . 
and the isolation regions are formed therein, See Fig. 6. 

Well implants 16, which include p-wells or n-wells, are 
formed in the structure,. typ~callj7 -after formation of the 
isolation regions, utiliz·ing conventional ion 

·implantation and activation anneal'irig processes well 
known t6 those skilled in the art. The' ion dos·age and 
implant energies may vary depending of the type of dopant 
to be implanted as well as th~ desired depth of the well 
implant. Moreover, the activation annealing temperatures 
and times employed .in the· present invention may also 
vary. It should be noted that neither the ion . .......... -
implantati"on nor amiealihg conditions are critical to the 
present invention. 

Threshold adjust implants or so-called punch through 
implants (which, for clarity, are not shown in the 
drawings) may also be formed utilizing conventional ion 
implantation processes well known to those skilled in the 
art. 

It is noted that at this point of the present invention 
most of the high-thermal bud~et processing ~teps and ion 
implantation steps are performed. Since the structure at 
this point of the present process does not include any 
strained Si layers, the strained layer is not adversely 
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affected by either high-temperature processing or ion 

implantatior:. 

When an opti~~al overlayer is present, some or all of the 

overlayer mav be removed by utilizing a conventional dry - ~·· 

or wet chemical etching process or CMP may be employed 

(See, Fig. 7 in which all the overlayer is removed). As 

shown in Figs. 7-8, this step forms a cavity 17 in the 

structure in which the strained Si layer may be formed. 

A conventional wet chemical cleaning step may now be 

conducted on either the structure shown in Figs. 2 or 7 

Next, and as shown in Fig. 3 (and Fig~ 8), strained Si 

layer 18 is formed on the structure by utilizing· either a 

selective epitaxial ("epi") process or a non-selective 

epi prjcess. Specifically, CVD or molecular beam e~itaxy 
may belused in formi~g the strained Si layer. 

The selective epi process which is preferred in the 

present invention grows the strained Si layer on only the 

areas of the device wherein the relaxed SiGe layer is 

present. No growth occurs on the isolation regions 

utilizing the selective epi process. Any conventional 

selective epi process that is capable of growing a 

strained Si layer on a relaxed Si.Ge layer may be employed 

in the present invention. 

The non-selective epi process forms a strained Si layer 

on all portions of the structure including the isolation 

regions. When such a process is utilized, the material 

grown over the isolation regions is removed in a 
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. subsequent step by utilizing conventional lithography and 

etching. 

Fig. 4 shows a final strained Si CMOS structi..:.:e that can 

be formed using the processing steps shown i.r.i Figs. 1-3 

in conjunction with conventional processing steps that 

are capable of forming a gate region in the structure. 

Specifically, the structure. in Fig. 4 includes substrate 

10, relaxed SiGe layer 12, isolation regions 14, well 

implants 16, stra.ined Si layer 18, gate dielectric 20, 

gate conductor 22, sidewall spacers 24, and source/drain 

diffusion regions· 26. A similar structure would be 
formed using the s·trained Si layered structure shown in 

Fig. 8. 

It is noted that the.gate region depicted in Fig. 4 is· 

formed utilizing any_~onventional gate formation 
. . --

processing-· technique- well known in the art. This 

includes, formation, via deposition or thermal growing, 

of gate dielectric 20, depositing gate conductor 22 on 

the gate dielectric, patterning the gate region by 

lithography and etching,. forming spacers 24 by deposition 

and etching, and forming the diffusion regions by ion 

implantation and annealing. Since such gate formation 

processes are well known to thos.e. skilled in the art, a 
detailed description concerping the same is not provided 
herein. 

The gate region is also composed of conventional 

materials well known to those skilled in the art. For 

example, gate dielectric 20 may be composed of Si02 , 
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Al203 , Zr02 or other like oxides, gate conductor 22 may be 

composed of a conductive metal, e.g., W, Pt, Co or Ti; 

polysilicon; a stack including a layer of polysilicon and _ 

a cond~8tive ffietal; a metallic silicide such as WSixi a 

stack including polysilicon and a metallic silicide; or 

other like conductive materials, and spacers 24 are 

formed of Si02 or SiN. The gate conductor may also be 

capped with a hard masking material such as SiN. 

While this invention has been particularly shown and 

described with respect to preferred embo.diments thereof, 

it will "be·understood Qy those skilled in the art that 

the foregoing and other changes in forms and details may 

be made without departing from the spirit and scope of 

the present inven~ion. It is therefore intended that the 

present invention not be limited to the exact forms and 

details described anc;l. illus_trated, but ~all within the 
scope of theiappendea-claims~ 
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CLAIMS 

I 11111111111111111111111111111 
* C L M S. * 

1. A method of fabricating a CMOS structure having a 

strained Si lay.er formed therein, said method comprising 

the steps of: 

(a) forming a relaxed SiGe layer on a surface of a 

substrate; 

(b) forming isolation regions and well implant regions in 

said relaxed SiGe layer; and 

(c) forming a strained Si layer on sa}d re~~xetj SiG~. 

layer. 

2. The method of Claim 1 further comprising forming an 

overlayer on said relaxed SiGe layer prior to conducting 

step (b) . 

3. The method of Claim 1 wherein said relaxed SiGe layer 

is formed by a growing process,--a Czochralski ·crystal 

pulling process or epitaxy by sol~d phase regrowth. 

4. The method of Claim 1 wherein said substrate is 

composed of Si, Ge, SiGe, GaAs, InAs, InP1 Si/SiGe or a 

silicon-on insulator. 

13 

........... 



11111111111111 111111111111 1111 [ 
* C L M s * 

5. The method of Claim 1 wherein said isc:.ation regic~s 

are trench isolation regions of LCCOS =egi:~s. 

6. The method of Claim 5 wherein said isc:.~ ti ::1 a=e 
.. 

trench isolation regions that are formed b~·=_ .. (:..) applying 

a photoresist to said relaxed SiGe layer; ;ii) exposing 

and d~veloping the photoresist so as to fo=m a pattern 

therein; (iii) etching through said pattern forming a 

trench in said relaxed SiGe layerj (iv} filling said a 

trench with dielectric material; and (v) planarizing. 

7. The ·method of Claim 1 wherein sa:i:d .well implants are 

formed by ion implantation and activation annealing. 

8. The method of Claim 1 wherein said strained Si layer 

is formed by a selective epi process or a non-selective 

epi process. 

9. The method of Claim 1 wherein said strained Si layer 

is formed by chemical vapor deposition or nolecular beam 

epitaxy. 

10. The method of Claim 2 wherein a portic~ or all of 

said overlayer is removed prior to conducting step (c) so 

as to form a cavity between sa.i.d....isolation regions 

whereby to said strained Si layer will be =ormed. 

11. The method of Claim 1 fu~ther comprising additional 

gate formation processing steps. 
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* C L M . S * 

I I 

~2. Tte me~hod of Claim 11 wherein said additional gate 

formaticn processing steps include: (i) forming a gate 

dielec~~ic on said strained Si layer; (ii) forming a gate 

stack c~ said gate dielectric; (iii) forming sidewall 

spacers on said gate stack; and (iv) forming~source/drain 

diffusion regions in said structure. 
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