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ISOLATION STRUCTURE FOR STRAINED 
CHANNEL TRANSISTORS 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to the ?eld 
of semiconductor devices, and more particularly to strained 
channel transistors With enhanced performance using 
improved isolation regions and the method for making same. 

BACKGROUND 

[0002] SiZe reduction of the metal-oxide-semiconductor 
?eld-effect transistor (MOSFET), including reduction of the 
gate length and gate oxide thickness, has enabled the con 
tinued improvement in speed performance, density, and cost 
per unit function of integrated circuits over the past feW 
decades. To enhance transistor performance further, strain 
may be introduced in the transistor channel for improving 
carrier mobility. Therefore, strain-induced mobility 
enhancement is another Way to improve transistor perfor 
mance in addition to device scaling. Several existing 
approaches of introducing strain in the transistor channel 
region have been proposed. 

[0003] There are several existing approaches of introduc 
ing strain in the transistor channel region to enhance further 
transistor performance. In one conventional approach, a 
relaxed silicon germanium (SiGe) buffer layer 102 is pro 
vided beneath the channel region, as shoWn in FIG. 1(a). 
The relaxed SiGe buffer layer 102 has a larger lattice 
constant compared to relaxed Si 104, and a thin layer of 
epitaxial Si 106 groWn on relaxed SiGe 102 Will have its 
lattice stretched in the lateral direction, ie it Will be under 
biaxial tensile strain. This is illustrated in FIG. 1(b). There 
fore, a transistor formed on the epitaxial strained silicon 
layer 106 Will have a channel region that is under biaxial 
tensile strain. In this approach, the relaxed SiGe buffer layer 
102 can be thought of as a stressor that introduces strain in 
the channel region. The stressor, in this case, is placed beloW 
the transistor channel region. Signi?cant mobility enhance 
ment has been reported for both electrons and holes in bulk 
transistors using a silicon channel under biaxial tensile 
strain. In the abovementioned approach, the epitaxial silicon 
layer 106 is strained before the formation of the transistor. 
Therefore, there are concerns about possible strain relax 
ation upon subsequent CMOS processing Where high tem 
peratures are used. An example of a high temperature 
process step in CMOS processing is the formation of an 
isolation structure, such as shalloW trench isolation, to 
electrically isolate devices from one another. 

[0004] In a conventional shalloW trench isolation process 
200, as shoWn in FIG. 2, a silicon oxide liner 202 is typically 
thermally groWn at temperatures ranging from 900 to 1100 
degrees Celsius. The high temperatures can potentially 
cause strain relaxation and reduce the tensile strain in the 
tensile strained silicon channel region 204. By using the 
conventional oxide-?lled trench isolation structure 206 With 
the strained silicon substrate 208, as shoWn in FIG. 2, the 
trench isolation structure 206 contributes a signi?cant com 
pressive strain component 210 to the channel region 204. 
The compressive strain component 210 contributed by the 
oxide-?lled trench isolation structure 206 cancels out a 
portion of the tensile strain component of the tensile strained 
silicon substrate 208 constituting the channel region 204. 
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With the reduction of the tensile strain in the channel region 
204 of the transistor, the strain-induced performance 
enhancement is reduced signi?cantly. The compressive 
strain results from sideWall oxidation and volume expansion 
of the silicon oxide material in the trench. 

[0005] What is needed is an improved isolation structure 
for strained channel transistors and the method for making 
same. 

SUMMARY OF INVENTION 

[0006] In vieW of the foregoing, the present disclosure 
provides a system and method for forming an improved 
isolation structure for strained channel transistors. 

[0007] In one example, an isolation structure is formed 
comprising a trench ?lled With a silicon oxide liner, a 
nitrogen-containing liner, and a gap ?ller. In another 
example, an isolation structure is formed comprising a 
trench ?lled With a nitrogen-containing liner and a gap ?ller. 
The nitrogen-containing liner enables the isolation structure 
to reduce compressive strain contribution to the channel 
region. The nitrogen-containing liner minimiZes con?ned 
volume expansion and reduces compressive stress in the 
surrounding active region. 

[0008] The present disclosure provide isolation structures 
With reduced compressive strain contribution and reduced 
thermal budget in a tensile strained silicon substrate. 
Another object of the present disclosure is to teach a method 
of engineering the strain in the channel of the tensile strained 
transistor by engineering the isolation structure to improve 
transistor performance. 

[0009] These and other aspects and advantages Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of example the principles of the disclo 
sure. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] The present disclosure Will be more clearly under 
stood after reference to the folloWing detailed description of 
preferred embodiments read in conjunction With the draW 
ings, Wherein: 

[0011] FIGS. 1(a)-(b) illustrate the cross-section of a con 
ventional strained silicon transistor With a relaxed SiGe and 
the illustration of the origin of strain in the Si/SiGe hetero 
structure, respectively. 

[0012] FIG. 2 illustrates a transistor formed in an active 
region isolated shalloW trench isolation (STI). 

[0013] FIGS. 3(a)-(b) illustrate a novel loW-stress isola 
tion structure for the strained silicon transistor according to 
one example of the present disclosure. 

[0014] FIGS. 4(a)-(e) illustrate a ?rst method of manu 
facturing a novel loW-stress isolation structure for the 
strained silicon transistor according to another example of 
the present disclosure. 

[0015] FIGS. 5(a)-(e) illustrate a second method of manu 
facturing a novel loW-stress isolation structure for the 
strained silicon transistor according to another example of 
the present disclosure. 
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[0016] FIGS. 6(a)-(e) illustrate a third method of manu 
facturing a novel loW-stress isolation structure for the 
strained silicon transistor according to another example of 
the present disclosure. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] As illustrated beloW, the structure of and methods 
are disclosed beloW for the manufacture of an improved 
isolation structure With reduced compression strain contri 
bution to the channel region and/or reduced thermal budget. 
Several embodiments are shoWn as illustrated examples. 

First Embodiment 

[0018] FIG. 3(a) illustrates a ?rst structure embodiment of 
the present disclosure. The isolation structure 300 illustrated 
in FIG. 3(a) comprises a trench 302 ?lled With a silicon 
oxide liner 304, a nitrogen-containing liner 306, and a gap 
?ller 308. The depth of the trench 302 is in the range of 2000 
to 6000 angstroms. The nitrogen-containing liner 306 con 
tributes to the reduction of compressive strain contribution 
to the channel region 310. The nitrogen-containing liner 306 
acts as an oxidation mask, preventing further oxidation of 
the trench sideWalls 312 in subsequent processing steps 
Where, because of its sloW diffusion rate in the nitrogen 
containing liner 306, oxygen is present in the processing 
ambient. The nitrogen-containing liner 306 minimiZes con 
?ned volume expansion and reduces compressive stress in 
the surrounding active region. Prior art tensile strained 
silicon transistors do not employ the nitrogen-containing 
liner 306 and as a result have reduced tensile strain and 
compromised transistor performance. According to one pre 
ferred embodiment of this disclosure, the nitrogen-contain 
ing liner 306 is comprised of silicon nitride, Si3N4. The 
nitrogen-containing liner 306 may also be comprised of a 
silicon oxynitride SiOXNy material or a nitrogen-doped sili 
con oxide material, Where the atomic percentage of nitrogen 
in the nitrogen-containing liner 306 may be in the range of 
5 to 60 percent (%). It is understood, hoWever, that other 
materials With oxygen diffusion rates loWer than that of 
silicon oxide may be used. By employing an isolation 
structure 300 With a nitrogen-containing liner 306, the 
compressive strain contribution by the isolation structure 
300 to the channel region 310 is reduced, so that the channel 
region 310 is entirely or almost entirely strained by the 
relaxed silicon-germanium (SiGe) layer 314 underlying the 
channel region 310. The present embodiment provides a 
strained silicon layer 316 totally tensile strained by the 
underlying relaxed SiGe layer 314 and can be negligibly 
compressive-strained by the isolation structure 300. 

Second Embodiment 

[0019] FIG. 3(b) illustrates a second structure embodi 
ment of the present disclosure. The second structure embodi 
ment of FIG. 3(b) differs from the ?rst structure embodi 
ment described above and illustrated in FIG. 3(a) in that the 
nitrogen-containing liner 306 in FIG. 3(b) is in direct 
contact With the trench sideWall surface 312. In other Words, 
the silicon oxide liner 304 of the ?rst embodiment in FIG. 
3(a) is not used in this embodiment. By eliminating the 
silicon oxide liner 304, this structure further reduces the 
thermal budget associated With the isolation structure 300 
formation process and further improves the ability of the 
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nitrogen-containing liner 306 to block oxidation of the 
trench sideWall surface 312. In addition, it is also possible 
that the nitrogen-containing liner 306 may exert a bene?cial 
strain on the channel region 310. For example, the nitrogen 
containing liner 306 itself may be formed under tensile 
stress, and therefore induces a vertical compressive strain on 
the region of the strained silicon layer 316 in its immediate 
vicinity. This vertical compressive strain provides an addi 
tional biaxial tensile strain component to the channel region 
310. Therefore, the preferred embodiment of FIG. 3(b) 
reduces the compressive strain contribution by the isolation 
structure 300 on the channel region 310 and potentially 
could strengthen the in-plane tensile strain component 318 
that is bene?cial to the strained channel transistor 320 for 
additional boost in speed performance. 

Third Embodiment 

[0020] FIGS. 4(a)-(e) illustrate a ?rst method embodiment 
of the present disclosure, describing a process How for 
forming strained silicon transistors With reduced thermal 
budget and reduced compressive strain contribution by the 
isolation structure to the channel region. The isolation 
structure 400 preferably comprises a nitrogen-containing 
liner 402 in direct contact With the trench sideWall surface 
404. The nitrogen-containing liner 402 can be a single 
silicon nitride layer or a silicon oxynitride layer 406. The 
nitrogen content of the nitrogen-containing liner 402 may be 
in the range of 5 to 60 percent (%) by atomic percentage. A 
substrate comprising a strained silicon layer 408 overlying a 
relaxed silicon-germanium (SiGe) layer 410 is used as the 
starting material. Such a substrate may further comprise a 
grade SiGe buffer layer 412, and may further comprise a 
silicon substrate 414 underlying the grade SiGe buffer layer 
412. A ?rst patterned mask is formed on the substrate, and 
the trenches 416 are etched into the substrate, as shoWn in 
FIG. 4(a). The ?rst patterned mask is preferably comprised 
of a silicon nitride layer 406 overlying a pad oxide layer 418. 
The pad oxide layer 418 is preferably comprised of silicon 
oxide. A conventional anisotropic plasma etching With ?uo 
rine chemistry is used to etch the isolation trenches 416. 

[0021] FIG. 4(b) illustrates the formation of a nitrogen 
containing liner 402. The nitrogen-containing liner 402 may 
be formed by loW-pressure chemical vapor deposition 
(LPCVD), for example. The nitrogen-containing liner 402 is 
preferably formed to a thickness of about 10 to 500 ang 
stroms, although smaller or larger thicknesses than the 
speci?ed range may be used. The nitrogen-containing liner 
402 is preferably a high tensile stress conformal nitride, 
Si3N4, liner. The chemical vapor deposition process may use 
precursor gases such as ammonia and silane. The typical 
deposition temperature is betWeen 550 and 900 degrees 
Celsius. A trench ?ling material, the gap ?ller 420, prefer 
ably silicon oxide, is ?lled into the trenches 416. The gap 
?ller 420 may be a combination of trench ?lling materials, 
such as a combination of CVD silicon oxide and CVD 
poly-crystalline silicon. After deposition, the gap ?ller 420 
is densi?ed by either a pyrogenic oxidation anneal at a 
temperature of 800 degrees Celsius or a conventional 
annealing step in argon ambient at 1000 degree Celsius. 

[0022] The cross-section in FIG. 4(c) illustrates the 
chemical mechanical polishing step performed to planariZe 
the surface of the Wafer. The ?rst patterned mask can be 
removed. In the preferred embodiment, the ?rst patterned 
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mask comprises a silicon nitride or pad nitride on a silicon 
oxide stack or pad oxide. The cross-section in FIG. 4(LD 
illustrates the removal of the ?rst patterned mask by an etch 
in hot phosphoric acid folloWed by an etch in dilute hydrof 
luoric acid. It thus exposes the nitrogen-containing liner 402 
through tWo recesses 403. The strained Si areas 408 on both 
sides of the trench are noW covered by the pad oxide 418. 
Although not shoWn, if there are materials betWeen the 
relaxed Si and the pad oxide layer, they can also be removed. 

[0023] The cross-section in FIG. 4(e) illustrates the strip 
ping of the pad oxide 418 by aqueous HF. Transistors may 
then be formed in the active regions With a surface com 
prising the strained silicon layer 408. 

Fourth Embodiment 

[0024] FIGS. 5(a)-(e) illustrate a second method embodi 
ment of the present disclosure, describing a process How for 
forming strained silicon transistors With reduced thermal 
budget and compressive strain contribution by the isolation 
structure to the channel region. The isolation structure 500 
preferably comprises a nitrogen-containing liner 502 over 
lying a silicon oxide liner 504. In this method embodiment, 
the silicon oxide liner 504 is formed by chemical vapor 
deposition, preferably plasma-enhanced chemical vapor 
deposition (PECVD). The silicon oxide liner 504 is in direct 
contact With the trench sideWall surface 506. A substrate 
comprising a strained silicon layer 508 overlying a relaxed 
silicon-germanium (SiGe) layer 510 is used as the starting 
material. The starting substrate may further comprise a 
silicon substrate 512 underlying a graded SiGe buffer layer 
514. A ?rst patterned mask is formed on the substrate, and 
trenches 516 are etched into the substrate, as illustrated in 
FIG. 5(a). The ?rst patterned mask is preferably comprised 
of a silicon nitride layer 518 overlying a pad oxide layer 520. 
The pad oxide layer 520 is preferably comprised of silicon 
oxide. Aconventional anisotropic plasma etching With ?uo 
rine chemistry is used to etch the isolation trenches 516. 
FolloWing the formation of the trenches 516, the Wafer may 
be subject to a chemical treatment to result in a pull back of 
the ?rst patterned mask. The pull back distance 522, as 
illustrated in FIG. 5(a), may be in the range of 50 to 1000 
angstroms. The chemical treatment may be a Wet etch 
process in hot phosphoric acid at a temperature in the range 
of 150 to 180 degrees Celsius. The chemical treatment may 
further comprise a Wet etch in dilute hydrochloric acid. A 
corner rounding process may be performed producing 
rounded corners 524. The rounded corners 524 may be 
convex rounded corners (top corners at the trench 516 edge) 
or concave rounded corners (bottom corners at the trench 

516 bottom). The corner rounding process is preferably an 
annealing process at temperatures in the range of 700 to 950 
degrees Celsius in a gaseous ambient. The gaseous ambient 
may be comprised of hydrogen, helium, neon, argon, xenon, 
or any combination thereof. 

[0025] The cross-section illustrated in FIG. 5(b) involves 
the deposition of the silicon oxide liner 504, the deposition 
of the nitrogen-containing liner 502, and the deposition of 
the gap ?ller material 526. The gap ?ller material 526 is 
preferably silicon oxide. 

[0026] A planariZation step, preferably using a chemical 
mechanical polishing process, is performed. The resulting 
cross-section is illustrated in FIG. 5(a). The pad nitride 518 
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is then removed. The resulting cross-section is illustrated in 
FIG. The pad oxide 520 is then removed. The resulting 
cross-section is illustrated in FIG. 5(e). Transistors may then 
be formed in the active regions With a surface comprising the 
strained silicon layer 506. 

Fifth Embodiment 

[0027] FIGS. 6(a)-(e) illustrate a third method embodi 
ment of the present disclosure, describing a process How for 
forming strained silicon transistors With reduced thermal 
budget and compressive strain contribution by the isolation 
structure to the channel region. The isolation structure 600 
comprises a nitrogen-containing liner 602 overlying a sili 
con oxide liner 604. The third method embodiment differs 
from the second method embodiment of the present disclo 
sure in that the silicon oxide liner 604 of the third method 
embodiment is formed by a thermal oxidation process. The 
thermally groWn silicon oxide liner 604 is in direct contact 
With the trench sideWall surface 606. Since the groWth of the 
thermal oxide results in rounded corners, the corner round 
ing process is optional. A substrate comprising a strained 
silicon layer 608 overlying a relaxed silicon-germanium 
(SiGe) layer 610 is used as the starting material. A ?rst 
patterned mask is formed on the substrate, and trenches 612 
are etched into the substrate, as illustrated in FIG. 6(a). The 
?rst patterned mask is preferably comprised of a silicon 
nitride layer 614 overlying a pad oxide layer 616. The pad 
oxide layer 616 is preferably comprised of silicon oxide. A 
conventional anistropic plasma etching With ?uorine chem 
istry is used to etch the isolation trenches 612. FolloWing the 
formation of the trenches 612, the Wafer may be subject to 
a chemical treatment resulting in a pull back of the ?rst 
patterned mask. The pull back distance 618, as indicated in 
FIG. 6(a), may be in the range of 50 to 1000 angstroms. The 
chemical treatment may be a Wet etch process in hot 
phosphoric acid at a temperature in the range of 150 to 180 
degrees Celsius. The chemical treatment may further com 
prise a Wet etch in dilute hydrochloric acid. A corner 
rounding process as previously described may optionally be 
performed. 

[0028] The cross-section illustrated in FIG. 6(b) involves 
the thermal groWth of a silicon oxide liner 604, the depo 
sition of the nitrogen-containing liner 602, and the deposi 
tion of the gap ?ller material 620. The gap ?ller material 620 
is preferably silicon oxide. 

[0029] A planariZation step, preferably using a chemical 
mechanical polishing process, is performed. The resulting 
cross-section is illustrated in FIG. 6(a). The pad nitride 614 
is then removed. The resulting cross-section is illustrated in 
FIG. The pad oxide 616 is then removed. The resulting 
cross-section is illustrated in FIG. 6(e). Transistors may then 
be formed in the active regions With a surface comprising the 
strained silicon layer 608. 

[0030] The above disclosure provides many different 
embodiments, or examples, for implementing different fea 
tures of the present disclosure. Speci?c examples of com 
ponents, and processes are described to help clarify the 
present disclosure. These are, of course, merely examples 
and are not intended to limit the present disclosure from that 
described in the claims. For example, While a shalloW trench 
isolation is illustrated, it is understood that the present 
disclosure may be extended to other isolation structures, 
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Which are improvements of the shallow trench isolation 
structure. Accordingly, the speci?cation and ?gures are to be 
regarded in an illustrative rather than a restrictive sense. 

[0031] While the present disclosure has been particularly 
shoWn and described With reference to the preferred ernbodi 
rnent thereof, it Will be understood by those skilled in the art 
that various changes in form and detail may be made therein 
Without departing from the spirit and scope of the present 
disclosure, as set forth in the following claims. 

What is claimed is: 
1. A strained channel transistor With at least one isolation 

structure, the transistor being formed on a semiconductor 
substrate comprising a strained silicon layer overlying a 
tensile strain forrning buffer layer, the isolation structure 
comprising: 

an active region formed in the semiconductor substrate; 
and 

at least one nitrogen-containing liner isolation region next 
to the active region. 

2. The transistor according to claim 1, Wherein the isola 
tion region is a shalloW trench isolation region With a trench 
depth in the range of 2000 to 6000 angstrorns. 

3. The transistor according to claim 1, Wherein the nitro 
gen-containing liner has a thickness in the range of 10 to 500 
angstrorns. 

4. The transistor according to claim 1, Wherein a channel 
region is formed in the strained silicon layer of the active 
region With a source or drain region formed between the 
channel region and the isolation region. 

5. The transistor according to claim 1, Wherein the tensile 
strain forrning buffer layer is a relaxed silicon-gerrnaniurn 
layer. 

6. The transistor according to claim 5, Wherein the sub 
strate further comprises a graded silicon-gerrnaniurn buffer 
layer underlying the relaxed silicon-gerrnaniurn layer, the 
graded silicon-gerrnaniurn buffer layer overlying a silicon 
substrate. 

7. The transistor according to claim 1, Wherein the isola 
tion region further comprises an oxide liner underlying the 
nitrogen-containing liner. 

8. The transistor according to claim 1, Wherein the isola 
tion region includes a gap ?ller material. 

9. The transistor according to claim 1, Wherein the nitro 
gen-containing liner comprises at least one of silicon nitride, 
silicon oxynitride, or nitrogen-doped silicon oxide. 

10. The transistor according to claim 1, Wherein the 
nitrogen-containing liner has a nitrogen content of 5 to 60 
percent (%). 

11. The transistor according to claim 1, Wherein a in-plane 
tensile strain of a channel region of the active region is 
betWeen 0.1% to 2%. 

12. Arnethod of forming an isolation structure for strained 
channel transistors cornprising: 
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providing a semiconductor substrate comprising a 
strained silicon layer overlying a strain forrning buffer 
layer; 

forming a trench in the semiconductor substrate; 

forming a nitrogen-containing liner in the trench; and 

?lling the trench With a gap ?ller rnaterial, 

Wherein the nitrogen-containing liner reduces a cornpres 
sive strain asserted on the strained silicon layer by the 
gap ?ller material contained therein. 

13. The method according to claim 12, Wherein the 
nitrogen-containing liner is comprised of silicon nitride or 
silicon oxynitride. 

14. The method according to claim 12, Wherein the 
nitrogen-containing liner has a nitrogen content of 5 to 60 
percent (%). 

15. The method according to claim 12, Wherein the 
nitrogen-containing liner has a thickness in the range of 10 
to 500 angstrorns. 

16. The method according to claim 12, further comprising 
the step of, after the step of forming the trench, of forming 
a silicon oxide liner underlying the nitrogen-containing 
liner. 

17. The method according to claim 16, Wherein the step 
of forming the silicon oxide liner is a thermal oxidation step 
or a chemical vapor deposition step. 

18. The method according to claim 12, further comprising 
the step, after the step of forming the trench, of performing 
a corner rounding process step. 

19. The method according to claim 18, Wherein the corner 
rounding process step is an anneal at a temperature in the 
range of 700 to 950 degrees Celsius in a gaseous arnbient, 
the gaseous arnbient. 

20. The method according to claim 18, further comprising 
a step, after the step of corner rounding, of forming a silicon 
oxide liner. 

21. The method according to claim 18, Wherein the step 
of forming the silicon oxide liner is a thermal oxidation step 
or a chemical vapor deposition step. 

22. The method according to claim 18, wherein forming 
the trench in the semiconductor substrate further includes 
forming a pull back of the opening of the trench. 

23. The method according to claim 22, Wherein the pull 
back is in the range of 50 to 1000 angstrorns. 

24. The method according to claim 22, Wherein the pull 
back is formed by a chemical treatment With a Wet etch 
process in hot acid at a temperature in the range of 150 to 
180 degrees Celsius. 

25. The method according to claim 24, Wherein the 
chemical treatment further includes a Wet etch process in 
dilute hydrochloric acid. 


