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(57) ABSTRACT 

A substrate under tension and/or compression improves 
performance of devices fabricated therein. Tension and/or 
compression can be imposed on a substrate through selec 
tion of appropriate STI ?ll material. The STI regions are 
formed in the substrate layer and impose forces on adjacent 
substrate areas. The substrate areas under compression or 
tension exhibit charge mobility characteristics different from 
those of a non-stressed substrate. By controllably varying 
these stresses Within NFET and PFET devices formed on a 

(22) Filed: Aug. 10, 2005 substrate, improvements in IC performance are achieved. 
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ISOLATION STRUCTURES FOR IMPOSING 
STRESS PATTERNS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] US. patent application Ser. No. 10/ , 
entitled “Stress Inducing Spacers” ?led concurrently here 
With is assigned to the same assignee hereof and contains 
subject matter related, in certain respect, to the subject 
matter of the present application. The above-identi?ed 
patent application is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field of the Invention 

[0003] This invention pertains to inventive methods of 
manufacturing a semiconductor device for improving device 
performance, and to the resulting unique high-performance 
device structure. In particular, this invention has improved 
charge mobility in FET devices by structurally imposing 
tensile and compression forces in a device substrate during 
device fabrication. 

[0004] Within the ?eld of semiconductor device design, it 
is knoWn that mechanical stresses Within the device sub 
strate can modulate device performance. Individual stress 
tensor components affect device behavior of PFETs and 
NFETs differently. Previous improvements that utiliZed 
stress enhancements tended to focus on one or the other type 
of device outside of a practical performance environment, 
such as in an IC chip. In order to maximize the performance 
of both PFETs and NFETs Within IC chips, the stress 
components need to be engineered and applied differently, 
yet simultaneously. In the present invention We shoW fab 
rication methods and resulting structures that have imposed 
the appropriate stress ?elds needed to improve the perfor 
mance of a single device and of at least tWo devices 
simultaneously in a common substrate. 

[0005] 2. Description of the Prior Art 

[0006] Hamada et al, IEEE Transactions on Electron 
Devices, Vol. 38 No. 4,A NewAspect of Mechanical Stress 
E?rects in Scaled MOS Devices (April 1991) shoW data 
correlating Weight induced (bending a sample silicon chip) 
longitudinal and transverse tensile and compressive stress 
With Transconductance deviation. Within the PFET device a 
longitudinally applied uniaxial compressive stress had an 
effect reversed from the effect induced on an NFET. This 
data can be interpreted such that if you apply an in-plane 
biaxial tensile stress, the NFET device performance Will 
improve about tWo-fold as compared to that of a uniaxial 
tensile situation, While the PFET experiences no change 
because the longitudinal and transverse tensile stress effects 
cancel each other out. 

[0007] In the Symposium on VLSI Technology Digest of 
Technical Papers (2001), Rim et. al. shoWs that, using 
strained Si Which has in-plane biaxial tensile stress, 
improvements occurred for an NFET With a 70% increase in 
electron mobility. Prior knoWn solutions and methods using 
mechanical stress for device performance enhancement 
could not improve both NFETs and PFETs simultaneously. 
Moreover, prior solutions do not address the feasibility of 
any kind of device structures or methods of fabricating them. 
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SUMMARY OF THE INVENTION 

[0008] In this invention We shoW methods and structures 
by Which We have applied in-plane biaxial (tWo-dimen 
sional) tensile stress for the NFET While at the same time 
applying in-plane compressive longitudinal stress and a 
tensile transverse stress on the PFET device. The structures 
and methods of making each device individually is also 
unique. The primary advantage of these methods and struc 
tures is that they have provided tWo-fold device performance 
improvement relative to merely uniaxial stresses. Another 
advantage is the method for fabricating NFETs and PFETs 
simultaneously on a common substrate, Wherein each device 
is designed to enhance performance using stress inducing 
isolation material. A secondary advantage is the structure 
and method of building an individual device With enhanced 
performance provided via stress inducing trench isolation 
structures. 

[0009] It is an object of the present invention to provide 
device performance improvements for NFETs, PFETs, and 
for both NFETs and PFETs simultaneously. It is another 
object of the present invention to be readily integratible into 
present manufacturing processes cheaply for signi?cant 
device performance improvements by adding a single mask 
step. It is another object of the present invention to be 
manufacturable in bulk silicon, silicon-on-insulator (“S01”), 
and strained silicon structures. 

[0010] This invention comprises a trench isolation struc 
ture for an NFET device and for a PFET device. An isolation 
region for the NFET device contains therein a ?rst isolation 
material Which applies a ?rst type of mechanical stress on 
the NFET device in a longitudinal direction and in a trans 
verse direction. A ?rst isolation region for the PFET device 
applies mechanical stress on the PFET device in the trans 
verse direction. A second isolation region for the PFET 
device applies another type of mechanical stress on the 
PFET device in the longitudinal direction. The isolation 
regions may comprise similar or different isolation materials 
depending upon Which type of mechanical stress is desired. 
Typically, the mechanical stresses are either tensile or com 
pressive. 
[0011] In another aspect, this invention comprises a 
method for making NFET and PFET devices. This aspect 
incorporates the formation of isolation regions at the sides 
and at the ends of the NFET device. Another isolation region 
is formed at the sides of the PFET device. Another (third) 
trench isolation region is formed at the ends of the PFET 
device. Isolation materials in these isolation regions are 
selected to apply a ?rst type of mechanical stress on the 
NFET device both in a longitudinal direction and in a 
transverse direction, and on the PFET device in the trans 
verse direction. Isolation material in the third trench isola 
tion region can be selected to apply a compressive type of 
mechanical stress in the longitudinal direction of the PFET. 
In another method of inducing stress vectors, it is useful to 
oxidiZe, in order to expand, at least a portion of the isolation 
material in the third trench isolation region to apply the 
compressive mechanical stress on the PFET device in the 
longitudinal direction. Thus, the isolation materials selected 
may be the same or different for each device depending on 
Whether oxidation is used to induce stress components. 

[0012] In another aspect, the present invention comprises 
source and drain regions formed in a substrate. The substrate 
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having a channel region between each of the source and 
drain regions. A gate region adjacent the channel region 
controls conduction through the channel region. Stress 
inducing isolation material adjacent selected sides of the 
source and drain regions imparts stress, i.e. tension or 
compression, beyond the source and drain regions of the 
substrate at least into the channel region. 

[0013] Other features and advantages of this invention Will 
become apparent from the folloWing detailed description of 
the presently preferred embodiment of the invention, taken 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 illustrates desired stress states that improve 
performance of PFETs and NFETs, Wherein the outWard 
arroWs from the device active area illustrate tension, and 
inWard arroWs toWard the device area illustrate compression, 
and W and L illustrate Width and length of the active area of 
the device, respectively. 

[0015] FIG. 2 illustrates cross section vieWs of the devices 
of FIG. 1 along length and Width planes. 

[0016] FIGS. 3-5 illustrate process steps for fabricating 
stressed NFET and PFET structures. 

[0017] FIG. 6 illustrates a structural top vieW of the 
devices of FIG. 1 shoWing the source, drain, and gate 
regions of PFET and NFET devices having TEOS and HDP 
isolation regions in place. 

[0018] FIGS. 7-9 illustrate cross section vieWs of a PFET 
structure that is fabricated using a second manufacturing 
method. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0019] The present invention involves ?lling isolation 
regions, preferably shalloW trench isolation (“STI”) With 
different intrinsically stress inducing materials to impart 
selected longitudinal and transverse stress components upon 
active device regions formed in a substrate. For example, 
using a stress inducing material that is intrinsically tensile 
causes a tensile state of stress in the substrate and an 
intrinsically compressive material causes compression in the 
substrate. In order to impart these different stresses in 
devices, We use deposited ?lms that impose different intrin 
sic stresses. For example, TEOS (TETRAETHYLORTHO 
SILICATE) is knoWn to be tensile because it undergoes 
densi?cation under anneal and so it shrinks, thereby impos 
ing upon an adjacent substrate a tensile stress. HDP (High 
density Plasma) oxide is knoWn to be intrinsically compres 
sive. The key here is to integrate tWo different intrinsically 
stress inducing structures adjacent the NFET and PFET 
structures or, individually, one or tWo stress inducing struc 
tures adjacent one of these devices. The process steps for 
integrating TEOS, Which has tensile intrinsic stress, and 
HDP, Which has compressive intrinsic stress, are shoWn and 
described beloW in FIGS. 3-7 and the accompanying speci 
?cation. 

[0020] The present inventive method also includes a novel 
STI process How that results in a SiN (silicon nitride) liner 
for both transverse and longitudinal components for NFETs 
but only in a transverse component for PFETs. This process 
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incorporates TEOS for the STI ?ll because TEOS is perme 
able to O2 and the SiN liner prevents oxidation from occur 
ring at the Si/TEOS boundary. Therefore, only the longitu 
dinal component of the PFET Will be oxidiZed, Which causes 
the Si/TEOS boundary to expand. The amount and time of 
oxidation can be used to controllably increase the compres 
sive stress for the PFET in the longitudinal direction. Also, 
since TEOS is intrinsically a tensile ?lm and a SiN liner is 
used for both transverse and longitudinal components of the 
NFET and the transverse component of the PFET, there Will 
be a tensile stress exerted by the TEOS STI in these 
directions. 

Structure 

[0021] Standard STI processes typically utiliZe a single 
type of oxide ?lm (a nitride liner is optional) for isolation 
together With an isolation ?ll material. In the present inven 
tion, different types of oxide ?lm are selectively placed in 
substrate regions surrounding FET devices. By controlling 
the fabrication process conditions, the type of stress 
imparted to adjacent FET devices can also be controlled. 

[0022] NFET and PFET devices require different stress 
vectors, or patterns, to enhance charge mobility. The isola 
tion material can be ?ned tuned to produce a desired stress 
pattern in the device. Some materials are amenable to further 
?ne tuning via process controls, such as RF poWer, for 
example. TEOS is harder to ?ne tune via process controls 
because it’s a loosely structured material, but it tends to 
shrink When densi?ed (annealed), thereby imparting one 
type of intrinsic stress—tensile. HDP is someWhat more 
controllable than TEOS, it also does not require densi?ca 
tion (heat treatment) and typically provides intrinsic com 
pressive stress. 

[0023] FIG. 1 illustrates a preferred embodiment of the 
present invention. The outWardly directed arroWs, shoWn 
extending from the NFET, illustrate a tensile stress that is 
induced in the transverse and longitudinal directions of the 
device. As Will be further described, TEOS can be utiliZed 
in the present inventive method to impose these stresses in 
an NFET. TEOS is also applied, abutting or adjacent to, the 
transverse sides of the PFET to produce transverse tensile 
vectors in the PFET. HDP is formed adjacent the longitu 
dinal sides of the PFET to produce longitudinal compression 
vectors in the PFET. 

[0024] In another embodiment, the end structure com 
prises an NFET With SiN liner on both longitudinal and 
transverse components, a PFET With SiN liner on transverse 
component, and oxidiZed Si With no SiN liner on the 
longitudinal component. Several process ?oWs are possible 
to arrive at the ?nal structure. 

[0025] The location of the HDP and the TEOS stress 
inducing regions, in relation to the device regions, is also 
shoWn in FIG. 6. In FIG. 6, the NFET is surrounded by 
TEOS to produce tensile stresses in the NFET transversely 
and longitudinally. The PFET of FIG. 6 illustrates TEOS 
fabricated on transverse sides of the PFET, to produce 
transverse tensile vectors, and HDP fabricated on longitu 
dinal sides of the PFET to produce longitudinal compression 
vectors in the PFET. This structure results in enhanced 
performance for both the NFET and PFET simultaneously. 

[0026] FIG. 2 illustrates the compression/tension vectors 
described above in cross-section vieWs. The cross-section 
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views illustrate the FET gates fabricated on the device 
substrate above the device channel regions. In the NFET, 
both transverse and longitudinal tensile stress in the channel 
substrate is shoWn by the outWardly pointing arroWs indi 
cating the direction of stress. In the PFET, tensile stress is 
indicated in the transverse direction While compressive 
stress (inWardly pointing arroWs) is indicated in the longi 
tudinal direction. Taken together, the preceding ?gures 
clearly illustrate the tensile and compressive forces in the 
FET devices in all three dimensions. 

[0027] In the simultaneous PFET/NFET embodiment of 
the present invention, the NFET and PFET can be used 
together simultaneously, for example, in a ring oscillator. 
The ring oscillator performs ideally When bene?cial aspects 
of the present invention in both devices are balanced, i.e. 
charge mobility is equivalently enhanced. Another structural 
use for the present invention includes formation of the 
silicon source and drain regions in “island” con?gurations, 
Wherein a substrate device area is surrounded by dielectric 
STI material, or in SOI (silicon-on-insulator) devices. 

HDP and TEOS 

[0028] The tWo preferred trench isolation materials, HDP 
and TEOS, differ in several aspects. The deposition pro 
cesses of TEOS and HDP are different: TEOS deposition 
involves a CVD (chemical vapor deposition) process. HDP 
plasma deposition is a directional process Wherein the 
material is accelerated by an electric ?eld because, in the 
plasma, HDP is composed of charged particles. HDP has an 
intrinsic (as deposited) compressive stress and densi?es as 
part of its deposition process. TEOS requires a densi?cation 
anneal after its deposition, but is intrinsically tensile. 

[0029] The substrate stresses can be imparted because of 
shrinking/expansion of a stress inducing material or they can 
be imposed intrinsically When the stress inducing material is 
being groWn adjacent to the substrate. HDP has a built-in 
intrinsic stress Which is imparted to the substrate upon 
deposition (While the HDP is groWn). Contraction occurs 
during heat treatment (densi?cation) for TEOS. The under 
lying elemental mechanisms Which induce stresses are not 
part of the present invention. Therefore, further theoretical 
details of those mechanisms Will not be further addressed. 

Process 

[0030] The structure and choice of isolation materials, 
selected and formed in substrate regions surrounding FET 
devices for isolation, are novel. Generally speaking, a mask 
is used to open regions in the substrate. Next, a unique 
integration scheme is used to deposit TEOS and HDP in 
selected portions of the Wafer. In one of several embodi 
ments, the HDP regions are inlaid into a TEOS background. 

[0031] The tensile components and the compressive com 
ponents are decoupled. The tensile component is established 
?rst, by varying the densi?cation process of the TEOS. 
Temperature and time can vary the stress built into the 
TEOS, Which control the amount of shrinkage (800-1050 C., 
1 to 30 minutes, varying inversely). These variables deter 
mine hoW much the TEOS shrinks to some degree (densi 
?cation). The TEOS molecules become more closely packed 
in densi?cation and thereby cause tension in the adjacent Si 
island. The compression in the HDP SiO2, is controlled 
mostly by the deposition conditions. Tuning of the compres 
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sive stress is achieved by control of RF the poWer. Increased 
poWer leads to more compression in the ?lm. Pressure and 
How can also be used to modulate the compression in the 
HDP SiO2 ?lm. 

[0032] The process for fabricating NFETs and PFETs With 
different stresses in the channel region, on a common 
substrate is illustrated in FIGS. 3-5 and is described as 
folloWs. FIG. 3 illustrates formation of a silicon “island” 
surrounded by TEOS. The raised silicon area is the same for 
both PFETs and NFETs in both the lengthWise and Width 
Wise cross sections. This raised silicon area is achieved by 
Well knoWn processes, Which includes forming a pad layer 
(thin thermally oxidiZed pad), then depositing a SiN layer, 
then a mask is used to pattern openings in the SiN layer, then 
etching SiN, SiO2 and ?nally silicon. After the mask is 
removed, a thermal oxidation, Which provides a thin oxide 
layer on the exposed silicon, folloWed by a thin conformal 
nitride layer deposition to protect the silicon from oxidation 
during TEOS anneals (densi?cation) and other anneals dur 
ing processing. Blanket TEOS deposition folloWed by 
chemical-mechanical planariZation (“CMP”) doWn to the 
nitride liner surface results in the cross-section shoWn in 
FIG. 3. 

[0033] Up to this point, the present inventive process 
folloWs conventional process steps. FIG. 4 illustrates the 
next steps of the process Which provide the HDP in selected 
locations for the PFET in order to impart the desired 
longitudinal compressive stress. Using standard masking 
techniques, the NFETs are covered by the resist layer in the 
longitudinal and transverse aspects While the PFETs are 
covered only in the transverse direction, leaving the PFET 
TEOS uncovered in the longitudinal direction. This exposed 
TEOS is removed by an etch step (upper right of FIG. 4). 
This is the single masking step added by the present inven 
tion over conventional processes. The resist layer is then 
etched from the substrate surface, folloWed by HDP depo 
sition and a ?nal CMP step over the entire surface to achieve 
the structure shoWn in cross-section in FIG. 5, and shoWn in 
top vieW in FIG. 6. Conventional gate formation and 
processing steps folloW in the normal course. 

[0034] A second method for fabricating the structure of 
FIG. 1 and FIG. 2 proceeds as folloWs, and is shoWn in 
FIGS. 7-9. FolloWing the same steps as in the previous 
process to achieve the structure shoWn in FIG. 3 only 
Without the TEOS ?ll and CMP, another mask is then de?ned 
only for the longitudinal components of the PFET Where We 
Want to remove the nitride liner, similar to that shoWn in the 
upper right portion of FIG. 4. 

[0035] Because We Want to induce longitudinal compres 
sive stress in the PFET, We remove the nitride liner sur 
rounding the silicon island (it is removed from the PFET 
regions Where compressive stress is desired). This alloWs 
oxygen to reach the silicon sideWalls during subsequent 
oxidation steps, and so in this aspect the nitride liner layer 
acts as an oxidation blocking layer. The nitride liner Would 
block the oxidation, and thus the compression, because it is 
an excellent oxygen diffusion barrier. In areas Where the SiN 
liner is removed, a portion of the Si on the sideWall of the 
Si island may be oxidiZed, thereby causing a controlled 
amount of compression in the direction longitudinal to 
current ?oW for the PFET. Good control in the oxide 
sideWall groWth may be achieved using this method, 
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because you can dial in the amount of compression achieved 
because of the amount of oxide grown, instead of relying on 
the HDP deposition conditions. The oxidation causes a 
compressive stress to be generated due to volume expansion 
on the sidewall of the Si island. The oxygen Will diffuse 
through the TEOS oxidiZing the silicon sideWall, groWing a 
Wedge of oxide and Will push against the TEOS, causing the 
desired compression. 

[0036] At this point, a silicon trench etch With correspond 
ing hard masking produces the result as shoWn in FIG. 1, 
Wherein the SiN layer is removed from the silicon island 
sideWalls. Next, an oxide liner is groWn on the exposed 
silicon and TEOS is deposited, folloWed by a CMP step 
doWn to the SiN pad, folloWed by a SiN pad etch, and a SiO2 
pad etch—the pad etches remove SiN and oxide from the top 
of the silicon island—resulting in the structure shoWn in 
FIG. 8. Then, an oxidation step oxidiZes a portion of the 
silicon island as shoWn in FIG. 9. In an alternate approach, 
the oxidation step is performed prior to pad nitride and oxide 
removal. It is knoWn that When Si is transformed into SiO2, 
a volume expansion of approximately 2.27:1 occurs. The 
oxidiZed material narroWs With depth because as the oxygen 
diffuses doWnWard, the concentration drops off due to oxy 
gen consumption during the oxidation step. Thus, the oxy 
gen concentration is higher at the top and it groWs slightly 
thicker in the near surface region forming a Wedge shape. 
The longer the oxidation, the Wider the Wedge. The idea is 
that the volume is expanded and compressive force pushes 
on the silicon inWardly. Conventional gate formation and 
processing folloWs and is not described further. It is to be 
noted that the device regions and isolation regions in these 
?gures are not draWn to scale in any dimension. 

ADVANTAGES OVER THE PRIOR ART 

[0037] The bene?t of using this scheme for achieving 
tension in the NFET and transverse component for PFET 
and compressive stress in the longitudinal component for the 
PFET is that the oxidation time and temperature can be used 
to tune the stress for the longitudinal component for the 
PFET. 

[0038] In the prior art, Rim et. al. apply biaxial tension in 
strained silicon using a SiGe relaxed sub-layer. The prob 
lems there are many. While the NFET shoWs What may be 
considered signi?cant improvement, they could not simul 
taneously improve both devices. Also, since the requirement 
is a relaxed SiGe layer, mis?t dislocations are needed at the 
SiGe/Si interface. One of the major mechanisms by Which 
the mis?t dislocations are formed is from threading dislo 
cations. Unfortunately, the threading dislocations can cause 
signi?cant reliability, yield, and major leakage issues and are 
dif?cult to remove in practice. 

[0039] Mechanical Stress E?rect ofEtch-Stop Nitride and 
its Impact on Deep Sabmicron Transistor Design, Ito et al 
(IEDM, 2000) impose stress using an etch-stop nitride 
superlayer that is deposited after the device is completely 
constructed. Again, here the ?lms have a built-in intrinsic 
biaxial stress. They found that When the ?lm is in compres 
sion NFET performance is degraded, While the PFET is 
enhanced. Also, they did not improve the performance of 
both the PFET and NFET simultaneously. Also, since the 
?lm is Well above the device the stress translated doWn into 
the silicon Will be someWhat lessened, particularly When 
compared to something that is directly adjacent the device. 
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[0040] The present solution shoWs hoW to apply the cor 
rect states of stress through modifying the STI process to 
bene?t both the NFET and PFET simultaneously. It also 
differs substantially from both of these other approaches 
since the tension and compression are done through the STI 
structure and process Whereas prior art listed above shoWs 
the stress is imposed through strained Si in one case and 
from intrinsic stress in a layer that comes Well after the 
device build (and not adjacent the device as We do) in 
another. 

[0041] The advantages of the method of the preferred 
embodiment of this invention include: device performance 
improvements for NFETs, PFETs, and for both NFETs and 
PFETs simultaneously by inducing in-plane stress patterns; 
a process readily integratible into present manufacturing 
processes for bulk silicon, silicon-on-insulator (“S01”), and 
strained silicon structures; and improved devices be inte 
grated into present processes cheaply for signi?cant device 
performance improvements by adding a single mask step. 

ALTERNATIVE EMBODIMENTS 

[0042] It Will be appreciated that, although speci?c 
embodiments of the invention have been described herein 
for purposes of illustration, various modi?cations may be 
made Without departing from the spirit and scope of the 
invention. In particular, other isolation materials can be 
used, such as ceramics and silicon carbide, Which can also 
impart intrinsic stresses. The general vieW of stresses in 
silicon is that it’s disadvantageous. Stresses lead to ruptures 
or dislocations in the lattice structure, Which lead to junction 
leakage, etc. In the present invention, We’re intentionally 
building in a stress pattern. 

[0043] As another example, nitride ?lms can be readily 
modulated to have very high intrinsic stress. For example, as 
shoWn in Ito et al (IEDM, 2000) the PECVD nitride etch 
stop ?lm stress could be modulated (by changing the depo 
sition conditions such as SiH4/N2/He ?oW rates, pressure, 
HF poWer, and electrode gap) betWeen —1.4 GPa and +0.3 
GPa. Of course, since nitride ?lms have a higher dielectric 
constant, they Will need deeper STI With perhaps larger 
isolation distances betWeen devices. Hu (JAP, 1991) pro 
vides a partial listing of intrinsic stresses in some ?lms. One 
could use a combination of highly intrinsic stressed ?lms as 
part of the STI. This adds complexity, but alloWs for perhaps 
better tailoring of the stress. 

[0044] Intrinsic stress is not the only Way to add stress into 
this structural system. By choosing the correct materials 
With the appropriate thermal expansion coef?cient mis 
match, We can modulate the tensile stress. Since cool doWn 
is When the stress is imposed (operating conditions are 
betWeen 25 C. and 85 C.), the net thermal mismatch stress 
Will alWays be tensile. The magnitude of tensile stress is 
determined by the coefficients of thermal expansion. In the 
NFET tension in both dimensions (biaxial) is good, While for 
the PFET We Would like to use this material property 
difference that causes tension only in the transverse direc 
tion, While still using a highly compressive intrinsic material 
in the longitudinal direction. 

[0045] Nonconventional devices can also be fabricated 
using the present invention, such as pillar FETs and ?n 
FETS. In a pillar FET, the body of the device is a cylindrical 
shape formed in a substrate With source/drain diffusions 
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formed at the top and bottom of the cylinder. The gate region 
typically is adjacent to, or surrounds, the middle portion of 
the cylinder. A ?n FET comprises a thin, elongated, raised 
substrate region With source and drain diffusions at the ends 
of the raised region. The gate is typically adjacent three sides 
of the raised region, the tWo vertical sides and the top surface 
of the raised region, betWeen the source/drain diffusions. 
The general concept is to inlay isolation to produce a stress 
pattern at least in the channel region of the devices or at least 
in the source/drain diffusion regions. The appended claims 
are intended not to exclude various device geometries such 
as pillar FETs and ?n FETs. Providing a uniform back 
ground of TEOS ?ll, then selectively opening regions for 
HDP deposition is a process that can accommodate device 
geometries other than those speci?cally illustrated in the 
present speci?cation as preferred, currently knoWn embodi 
ments. 

[0046] Accordingly, the scope of protection of this inven 
tion is limited only by the folloWing claims and their 
equivalents. 

1-8. (canceled) 
9. Amethod for making devices in a substrate, the devices 

each having sides extending in a longitudinal direction and 
ends extending in a transverse direction, the method com 
prising: 

forming a ?rst isolation region at the sides and at the ends 
of a ?rst one of the devices; 

providing a ?rst isolation material in the ?rst isolation 
region to apply a ?rst type of mechanical stress on the 
?rst one of the devices in the transverse direction; and 

oxidiZing at least a portion of the ?rst isolation material at 
the ends of the ?rst one of the devices to cause the ?rst 
isolation material to apply a second type of mechanical 
stress on the ?rst one of the devices in the longitudinal 
direction. 

10. The method of claim 9, further comprising: 

forming a second isolation region at the sides and at the 
ends of a second one of the devices; and 

providing the ?rst isolation material in the second isola 
tion region to apply the ?rst type of mechanical stress 
on the second one of the devices in the longitudinal 
direction and also in the transverse direction. 
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11. The method of claim 10, Wherein the step of forming 
a ?rst isolation region comprises: 

depositing an oxidation blocking layer over the ?rst and 
second ones of the devices; and 

removing the oxidation blocking layer only from over the 
ends of the ?rst one of the devices. 

12. The method of claim 10, Wherein the step of oxidiZing 
at least a portion of the ?rst isolation material comprises: 

simultaneously oxidiZing at least a portion of the ends of 
the ?rst one of the devices. 

13. The method of claim 10, Wherein the ?rst one of the 
devices is a PFET and the second one of the devices is an 
NFET. 

14. An isolation structure for devices formed in a sub 
strate, the devices each having sides extending in a longi 
tudinal direction and ends extending in a transverse direc 
tion, the structure comprising: 

a ?rst isolation region adjacent at least one side and at 
least one end of a ?rst one of the devices, the ?rst 
isolation region having therein a ?rst isolation material, 
the ?rst isolation material adjacent said at least one side 
of the ?rst one of the devices for applying a ?rst type 
of mechanical stress on the ?rst one of the devices in 
the transverse direction; and 

an oxidiZed portion of the ?rst isolation material adjacent 
said at least one end of the ?rst one of the devices for 
applying a second type of mechanical stress on the ?rst 
one of the devices in the longitudinal direction. 

15. The isolation structure of claim 14, further compris 
mg: 

a second isolation region for a second one of the devices, 
the second isolation region having therein the ?rst 
isolation material Which applies the ?rst type of 
mechanical stress on the second one of the devices in 
the longitudinal direction and also in the transverse 
direction. 

16. The isolation structure of claim 15, Wherein the ?rst 
one of the devices is a PFET and the second one of the 
devices is an NFET. 


