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to decrease in energy. As a result of quantum effects, electrons effectively weigh 30 percent less when

passing through the lower energy bands. Thus, the lower energy bands offer less resistance to electron flow.
In addition, electrons meet with less vibrational energy from the nucleus of the silicon atom, which causes

20  them to scatter at a rate of 500 to 1000 times less than in relaxed silicon. As a result, carrier mobility is
dramatically increased in strained silicon compared to relaxed silicon, providing an increase in mobility of
80% or more for electrons and 20% or more for holes. The increase in mobility has been found to persist for
current fields up to 1.5 megavolts/centimeter. These factors are believed to enable a device speed increase of
35% without further reduction of device size, or a 25% reduction in power consumption without a reduction in

25  performance.

Conventional SOI substrates have included a strained silicon layer above a buried oxide layer above a
base layer, The buried oxide layer can be formed in a variety of processes including deposition above the base
layer or by doping the base layer with oxygen. The strained semiconductor layer can be formed by providing
a silicon germanium layer having a composition of Si(;.,Ge,, where x is approximately 0.2, and is more

30  generally in the range of 0.1-0.3. The silicon germanium layer can be deposited by chemical vapor deposition
using silane and germane. The concentration of germane can be decreased as deposition occurs so that the

upper most part of the silicon germanium Iayer is mostly or all silicon.

The use of germanium in SMOS processes can cause germanium contamination problems for IC

structures, layers, and equipment. In particular, germanium outgassing or outdiffusion can contaminate
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20 Another exemplary embodiment relates to a method of forming a strained semiconductor layer above
a base layer. The method includes etching trenches in the base layer and providing a compressive material in
the trenches.

Still another exemplary embodiment relates to a substrate. The substrate includes a strained layer and
a base layer below the strained layer. The base layer has trenches on a side opposite the strained layer. The

25 trenches induce stress in the strained layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will become more fully understood from the following detailed description,
taken in conjunction with the accompanying drawings, wherein like reference numerals refer to like parts, and

wherein:

30 FIGURE 1 is a cross-sectional view schematic drawing of a portion of a substrate including a strained

semiconductor layer, an oxide layer and a base layer in accordance with an exemplary embodiment;

FIGURE 2 is a cross-sectional view of the portion illustrated in FIGURE 1, showing an etching step;
2-



integrated circuit substrate includes a strained |ayer. The nethod incl udes
providing a base layer, providing an insulating |ayer above the base
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process for fabricating the Bort IEDDésléRlﬁHO%\ESgPi{%FERRED

EXEMPLARY EMBODIMENTS

FIGURES 1-8 illustrate substrates and processes for providing a strained semiconductor layer, such
15 as a strained silicon layer. The structures and processes can be utilized without requiring germanium doping

or be utilized in conjunction with germanium doping.

Referring to FIGURE 1, a portion 20 of an integrated circuit (IC) can be part of a wafer or substrate,
such as a semiconductor-on-insulator (SOI) substrate. Portion 20 can be formed in a process 100 (FIGURE 7)

and is preferably for use in a strained metal oxide semiconductor (SMOS) application.

20 Portion 20 includes a substrate comprised of a strained layer 50, a buried oxide layer 40, and a base
layer 30. Layer 50 can include germanium or be provided over a layer including germanium. In addition, a

support substrate can be provided beneath layer 30.

In one embodiment, base layer 30 is a single crystalline silicon layer. Layer 30 can be 400-1000
microns thick. Buried oxide layer 40 can be a silicon dioxide layer. Layer 40 can be 500-2000 A thick.
25  Strained layer 50 is preferably silicon or silicon/germanium (10 to 30% germanium). Layer 50 can be

approximately 500 A thick.

Layer 50 is preferably under tensile stress due to a set 32 of trenches 36 (FIGURE 2) including a
compressive material 34. In one embodiment, set 32 of trenches 36 can be empty and the absence of material
associated with the trenches causes tensile stress less in layer 50. Preferably, set 32 of trenches 36 are filled

30  with compressive material 34 such as a plasma enhanced chemical vapor deposition (PECVD) silicon nitride
(SiN) material, a metal, or other material which becomes compressed upon or after depositing in set 32 of

trenches 36. If tensile stress is desired in trenches 36, a thermally-formed silicon nitride (SiN) material or low

-3-



FIGURE 1; and 10 FIGURE 8 is a cross-sectional view of the portion
illustrated in FIGURE 1, showi ng a nechanical conpression system attached
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Preferably, trenches 36 have a width of from 500-2000 angs&oms and a length of several microns.
Set 32 of trenches 36 can have a tapered shape. For example, trenches 36 can have a trapezoidal cross-
sectional shape with the narrower portion being closer to layer 40. If set 33 of pillars 35 are disposed between
20  trenches 32, pillars 35 can be preferably have a width slightly larger than the width of trenches 36. The length
of pillars 35 can also be slightly longer or the same as the length of trenches 36.

With reference to FIGURE 7 and FIGURES 1-3, the formation of portion 20 is described as foliows.
In FIGURE 2, set 32 of trenches 36 are etched in a photolithographic process. A pad oxide layer and silicon

nitride bard mask can be used to form trenches 36.

25 ‘ An active layer photolithographic mask can be utilized to define trenches 36. The regions of the
active layer photolithographic mask corresponding to the isolation trench on layer 50 correspond to the

position of trenches 36 on the back side of the IC wafer.

Trenches 36 are preferably etched in a dry etching process selective to layer 30 (e.g., silicon) with
respect to the material of layer 40 (e.g., silicon dioxide). Set 32 of trenches 36 are etched in a backside of
30  layer 30 of the IC wafer. The etching process can be a timed etching process to determine the depth of
trenches 36. Alternatively, the etching process can reach layer 40 and stop at layer 40. Alternative trench

formation processes can be utilized to form trenches 36.

Formation of set 32 of trenches 36 leaves set 33 of pillars 35 in layer 30. Pillars 35 are formed after
layers 50 and 40 are disposed above layer 30. Pillars 35 are preferably the same material as layer 30 (e.g.

35 silicon).
-4-



pressure chem cal vapor deposition (LPCVD) SiN material can be utilized
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In one embodiment, set of trenches 36 including material 34 are provided in a waffle pattern. As

discussed above with reference to FIGURE 1, set 32 of trenches 36 can include trenches of various sizes.

Some trenches and piliars in layer 30 can be smaller or larger than others depending upon design criteria. For

example, an IC wafer may be required to be stronger at certain portions and have smaller trenches in particular
25 regions for integrity. Further, the patterns shown in Figures 4-6 can be reversed with the locations for trenches

36 (material 34) being switched with the locations for pillars 35.

With reference to FIGURE 8, portion 20 is provided with a mechanical system for additional
compressive stress. In this embodiment, trenches 36 can be emptied or filled with material 34. System 58 can
be a spring or clip. In one embodiment, system 58 is provided as part of an IC package utilized to house

30  portion 20.

In another embodiment, material 38 can be a low thermal resistance material to increase heat flow

from portion 20. Low thermal resistance materials include silicon and/or metal.

It is understood that while the detailed drawings, specific examples, and particular values given
provide a preferred exemplary embodiment of the present invention, it is for the purpose of illustration only.

35  The patterns, shapes and sizes of trenches and pillars are not disclosed in a limiting fashion. The method and
-5-



position of trenches 36 on the back side of the IC wafer. Trenches 36 are
preferably etched in a dry etching process selective to |layer 30 (e.g.,
silicon) w two2ex@est7 to the material of layer 40 (e.g., ®driamszeyde).
Set 32 of trenches 36 are etched in_a backside of 30 |ayer 30 of the |IC
waf er. The BPEHTSTY B FETEELS RYHMEE (¢ PrREY E%Fgﬁll??“g?“?j?%&@%%’s“tdoQ’a%‘t“éfl}?f‘%‘fém%e
dept h of t reemcbets thgdetaildisclosadvithoet dgparting &ome the lapirigpf e tnvesisn, evhiah is defohd bayer 40
and stop atepAYeli.40. Aternative trench formation processes can be
utilized to formtrenches 36. Formation of set 32 of trenches 36 |eaves set
33 of pillars 35 in layer 30. Pillars 35 are forned after |layers 50 and 40
are di sposed above layer 30. Pillars 35 are preferably the sane nmaterial as
| ayer 30 (e.g. 35 silicon). -4 WO 2005/062357 PCT/ US2004/ 035417 Wth
reference to FIGURE 3, conpressive material 38 fills trenches 36 (FlI GURE 2)
in a step 104 of process 100. Preferably, a conpressive material, such as a
conpressive material including silicon nitride fills trenches 36 and then
shrinks to pull pillars 35 associated with trenches 36 towards each ot her.
The conpressive material creates a conpressive strain in |ayer 40 which
provides a tensile strain on |ayers 40 and 5 50 above it. Material 38 can
be a conpressive netal or a nitride material. In one enbodi nent, materi al
38 is PECVD silicon nitride. Material 38 can be deposited in a conformal

| ayer deposition process such as by plasma enhanced chem cal vapor
deposition or sputter deposition. Material 38 preferably has a thickness
greater than or equal 10 to one half the wdth associates with trenches 36
or 250-1000 Angstrons (A) or nore thick in a preferred enbodi ment Angstrons
thick. For SIN, the deposition paraneters of material 38 can be Sil ane
(SiH4) + Ammonia (NH3) + Nitrogen (N2) using a pressure of 10-1000
MIliTorr, an rf power of 10-1000W and a tenperature of 100-500C.
Preferably, material 38 naturally conpresses after deposition. Wth
reference to FIGURE 1, material 38 (FIGURE 3) is planarized in a step 106
of process 100 to 15 |eave material 34 between set 33 of pillars 35
associated wth set 32 of trenches 36. Material 38 can be



pl anarized in a chem cal nechani cal polishing process or other etching
process. Wth reference to FIGURE 4, set 32 of trenches 36 can have a
rectangul ar shape. In accordance with another enbodi nent in Fl GURE 5,
trenches 36 including material 34 have a square shape or a rectangul ar
shape with an aspect ratio relatively close to one. In another enbodi nent,
t he patteMO3P05¥EE37 al 34 is 20 provided at an angl e wi tRCTESPIG03§47t he
| ateral and top sides of |layer 30 shown’in FIGURE 6. In one enbodi ment, set
of trenches 36 including nmaterial 34 are provided in a waffle pattern. As
di scussed AMSwi t h reference to FIGURE 1, set 32 of trenches 36 can

i nclude trenches of various sizes. Sone trenches and pillars in |layer 30
can be smaller or larger than others dependi ng upon design criteria. For
exanpl e, an | CAvaé@nd E@tmb@faéqaﬁuF B GhtE@alE cRELONIRMaRind&liASh HaPRl ﬁagefzs and
have smal |l er trenches in particular 25 regions for integrity. Further, the
patterns gﬁdﬂﬁh@%cqmlmﬁi% 4-6 can be reversed with the | ocations for
trenches 36 ( . ) ing switched with the I ocations for pillars
35. Wth ref erg%é'gﬂtl%éﬁ%}ﬁ%?& portion 20 is provided with a nmechani cal
system for addpiovigd an GENPHGS Biy¥eabdvE BRDasd Ryéhi s enbodi ment, trenches 36
can be enptied or filled with material 34. System 58 can be a spring or
clip. In one el9sifiithtemisordustariayer sbgyedhs medating losier and an | C package
utilized to ho : [ : di ment terial .38 .can be
a | ow thernal fbé‘g‘f‘%?%ﬁg‘@hﬁg? g%?%ﬁrg E%ﬁ{légr%?eg%ggﬂﬁ%apmﬁ Tso%te %n&ﬁnpaogltr?cgﬂnzo.
Low t her nelbsar és ipstpendieulantieni @rsildl no lthidlbassi Ihy e owharid te pih@lhavé b Hefght

under stood that while the detailed draw ngs, specific exanples, and
parti cul a#™H&l Hag agviddh andvghereia the ﬁ?"é‘f’%‘?‘g’é@r dsverncdrdes antgp drifees: thsrtop he

present i&yRoE b&lAg oiéﬁos:l@ tfcBast M PIPOS ﬁngdé)r% e%c‘ﬁ% E&hh&%n&(" y. 35 The

patterns, shapes and sizes of trenches an ars are not disclosed in a
limting fashion. The method and -5 WD 2005/ 062357 PCTI US2004/ 035417

appar at us, of t i ti is.not limted to the precise details and.

condi t i 0?125' di s@feolggggg\?aﬁl%lﬁ% lcﬁ‘érﬁbe SORRYISIng Privig gt%cP‘P?Qre&%f’%ﬂaéer@? 4| osed
Wi t hout dgRrauicks agotiaRmwiltethspilldrs. of the invention, which is defined by the
following clains. -6

3. The method of claim 2, further comprising planarizing the compressive material

until the base layer is reached.

4. The method of claim 1, wherein the semiconductor layer includes silicon.

5. The method of claim 1, wherein the insulative layer includes silicon dioxide.

6. The method of claim 1, wherein the base layer includes silicon.

7. The method of claim 1, wherein the pillars have a width of 2000—-3000 A

8. The method of claim 1, wherein the compressive material includes nitride.

9. A method of forming a strained semiconductor layer above a base layer, the

method comprising:

etching a plurality of trenches in the base layer; and



WO 2005/ 062357 PCT/ US2004/ 035417 7 CLAIMS 1. A nethod of manufacturing an
integrated circuit substrate including a stained |ayer, the nethod
conprising: providing a base layer; providing an insulating |ayer above the
base | ayer; providing a sem conductor |ayer above the insulating |ayer; and
formng a plurality of pillars in the base |ayer, the pillars extending in
a directi&&o%ﬂﬁﬁ 35T o perpendicul ar than parallel to thePERAE2DGHE5417
wherein the pillars have a hei ght greai%r than a wi dth, and wherein the
sen conductor layer includes a top surface, the top surface being opposite
t he base | ayer rapnddihgra icanlpuedsing raattiialeinc drpoaehts . wikreilhée netnohe oftered ai m
1, further rising..pr,ovjding a conpressive material in apertures

associ at e egm&?%' fhé e‘%i lglfl%rr : tlhg%aﬁ%@y%tvﬁﬁEFl%&ec?t’é’il?ﬁdf,emﬁ‘iﬂnﬁH@Pr By ng

pl anari zi ngp suttice GIRCEBS dMGcdBhe kb Pburfad@bbihg ‘b?ﬁ‘oslﬁ@ﬁ’fé a3y Blyel S reached. 4.
The met hod of claim 1, wherein the sem conductor |ayer 1ncCludes silicon. 5.

The nmethod of claim1l, wherein the insulative |ayer includes silicon

di oxi de. . T fi.claiom 1. wherein the,base |ayer includes

i1 con 7% ndBeBRRAoRa ke ARSI et RE F Spe Hdle i eSich of
2000-3000 A. 8. The nmethod of claim1, wherein the conpressive materi al

i ncl udes Qitrid . 9. A nethod of formng a strained sem conductor |ayer
above a bade | apermnethedsol plstmd@ Quihpr Penpising puhiidige a mpéabeaical gomyretsivenches
in the ba?&c&@ﬂﬁk%m§9ﬁyMp 2005/ 062357 PCT/ US2004/ 035417 8

12. The method of claim 9, where the trenches are in a waffle pattern.

13. The method of claim 9, wherein the compressive material is a low thermal

resistance material.

14. The method of claim 9, wherein the compressive material includes nitride.

15. The method of claim 9, wherein a buried oxide layer is between the base layer and

the strained semiconductor layer.
16. The method of claim 9, wherein the semiconductor layer is silicon.
17. A method of making a strained substrate, the method comprising:

providing a substrate having a top surface for active devices; and

forming trenches on a side opposite the top surface, the trenches inducing stress in

the substrate to form a strained layer.
18. The method of claim 17, wherein the strained layer is a strained silicon layer.

19. The method of claim 17, further comprising providing compressive material in the

trenches.



providing a conpressive material in the trenches, wherein the trenches
extend generally perpendicular to the base | ayer, wherein the strained
sem conductor |ayer has a top surface for active devices, the top surface
bei ng opposite the base layer. 10. The nethod of claim9, further
conprising providing a liner in the trenches. 11. The nethod of claim 10
further conpratgs/AeE3pf ovi di ng a nechani cal conpressive force/umotesshase

| ayer. 12. The method of claim9, where $he trenches are in a waffle
pattern. 13. The nmethod of claim9, wherein the conpressive material is a

| ow t her me0. r é3ieshethakofdtiar i 3lfurtet.coipeisimghRaddiag a GuakdbRde WhSF Bithedrhe
conpreSS|v§)na erlal nclud nitride. 15. The method of claim9, wherein a
buried oxi?d@%¢ %ﬁmﬁéi%éqﬂk %¥He base layer and the strained

sem conductor |ayer. 16. The method of claim9, wherein the sem conductor

| ayer is silicon. 17. A nethod of nmaking a strained substrate, the nethod
conprising: providing a substrate having a top surface for active devices;
and formng trenches on a side opposite the top surface, the trenches

i nducing stress in the substrate to forma strained |ayer. 18. The nethod
of claim 17, wherein the strained layer is a strained silicon |ayer. 19.
The nmethod of claim 17, further conprising providing conpressive nateri al
in the trenches. WD 2005/062357 PCT/ US2004/ 035417 9 20. The nethod of
claim 17, further conprising providing a buried oxide |ayer between a base
| ayer and the strained | ayer.



