H GH PERFORVANCE SEM CONDUCTOR DEVI CES FABRI CATED W TH  STRAI N- | NDUCED
PROCESSES AND METHODS FOR MAKI NG SAME BACKGROUND The present discl osure
relates to the fabrication of high performance . field-effect transistors
in CMOS integrated circuits, and nore particularly, relates to nethods for
integrating and nodul ating. the strain-induced process steps to enhance the
transistors' performance. Very large scale integrated (VLSI) -circuits
~using field effect transistors (FET) experience problens with the strain
or mechani cal stress induced by the silicon and/ or silicon-germanium
substrate's lattice msmatch created by certain process steps during

device fabrication. The strain induced

el ect ri cHIGERERREDRMANGCE SEMI @@NQR@“E@E b%ﬁ@@ﬁ%ﬁ%ﬁh& 'EEQt\aﬁlE@'l h and
carrier MRMMINBUGEMR@CESSE&WDMH[&{@D&F@R MAKENSe SAMIEduct or
(CMOS) devices, strain effect can be an especially difficult issue to deal

with because the devices conprise of different transistor types. The
affects of various strain magnitudes and strain directions upon a given

transi st %Aé Z Btt&ﬁri entation have varying affects upon different
transi st %@% exanple, tensile stress/ strain applied in the
direction. parallel to'the, gate channel of. an n-channel MOS transistor
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stress applied an identical sized and oriented p-channel transistor
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Strai n-induci ng process operatl ons are nunerous in the fabrication flow

enthance the transistors’ performance.

A Very large scale-integrated (VLSI) circuits using field effect transistors
(FET) experience problems with the strain or mechanical stress induced by the
silicon and/ or silicon-germanium substrate’s lattice mismatch created by certain
procesé stéps during device fabfiéation. The strain induced upon the transistors’ -
gaté eléctricql..chaﬂhel affect the transistors’ electricat field strength and carrier
moBﬂity performance. In complimentary metai{pxide semiconductor (CMOS)
deviéés, Strain‘efféct can be an especially difficult issue to deal with bec’ﬁuse the

~ devices comprise of different transistor types. The affects of various strain
magnitudes and strain directions up'on a given transistor size and orientation
have va.rymg affects upon different transistor types. For example, tensile

. stress/strain applied in the direction parallel to the gate channel of an n-channel
MOS transistor will provide unpro‘ved drive current (Id) performance, while the |

same stress applied upon an identical sized and oriented p-channel transistor

will cause degraded Id performance. As transistor geometric sizing and



of CMOS devices. One critical process |oop for exanple, the shallow trench
isolation (STI) fabrication, involves the construction of a substrate
structure to isolate and define the transistors' active regions. The ST
process |loop of trench etching, trench filling, planarization and
annealing results with a conpleted STI. structure inducing stress onto the
transistors fromat |least two axial (biaxial) directions. Processes that
do not directly nodify the substrate may al so apply additional strain upon
the transistor. Such processes create structures such as the sidewall
spacers and contact etch stop (CES) |ayer, filns that are deposited or
grown on top of and/or adjacent to the transistor gates, Qher strain

i nduci ng ;processes such as the nmetal silicidation processes involve the
react i on Gftedcesicaie dewhetteainasteessatfestaprlied wyer thed&S trhesigiate channel .
Fig. 1 illustrates, a cross-sectional,.yiew of a conventional field-effect -
transi st HECOBY I?ﬁi\ﬂﬁh’g”@ﬁ%s%%géng hisoMeEedBef with sonme of the above-
mentioned strain inducing structures. The figure al so has been | abeled with
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channel $wuettize Brlucing steessreso thietrahsistirk fwndetleasaetd @)dﬁB(@éb@ﬂ? are formed
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top directions. Processes that do not directly modify the substrate may also apply
additional strain upon the transistor. Such processes create é’cructures such as
the sidewall spacers and contact etch stop (CES) layer, films that are deposited or -
grown on top of and/or adjacent_to the transistor gates. Other strain inducihg
processes such as the metal silicidation processes involve the reaction of |

dissimilar materials to form new layers near the gate channel.

Fig. 1 illustrates a cross-sectional view of a conventional field-effect
transistor 100 showing the basic components thereof with sorﬁe of the above-
mentioned strain inducing structures. The figure also has been labeled with

 three axis to show the three directions of how strain fields are applied with
respect to the FET orientation. The subgtréte 101 area located behvéen STT
structures 102a and 102b is the defined transistor active region. The gatetfegion“
comprising of a gate oxide 103 and gate electrode 104 is fabricated within this
active region. Gate sidewall liners 105 and gate sidewall spaceré 106a and 106b
are situated adjacent to the gate region. The gate electrical channel shown as-

distance g is defined as the region of the substrate surface under the gate region,



of the transistor's gate, source and drain regions. These regions are shown
in Fig.1l as gate silicide 107, source silicide 108 and drain silicide 109
regions. The contact etch stop (CBS) 110 |l ayer is shown, situated on top
of the entire transistor at the process point just prior to the contact
maski ng/ patterni ng operations of the device. The strain/ stress forces are
specified by the three dinensional axis x, y. and z. For the discussions
wi thin the present disclosure, the axis parallel to the gate channe

across the substrate along the direct path to and -fromthe source and
drain regions is known as the x direction, as shown in Fig.1l. The strain
axis perpendicular to the gate channel across the substrate is known as
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The strain/ stress forces are specified by the three dimensional axis x, y .
-and z. For the discussions within the present _djsciosﬁre, the axis parallel to the
gate channel across the substrate along the direct path to and from the source -
and drain regions is known as the x direction, as shown in Fig.l. The st:rain axis
perpendicular to the gate channel across the substrate is known as the y |
. direction. The third axis z is the strain direction directly normal to the substré_te
- surface and to the plane created by axis x and y. Itis _ndted that the various’
 fabricated transistor structures shown in Fig.1 will apply a variety of strain forces
onto the transistor’s gate channel in various magnitudes and directions. Inthe
conventional CMOS technologies, the two-component x-y biaxial strain from the-

STI structures is a large portion of the net effect.

. Accordingly, it is desirable to have a method for modulating the net
strain induced by the various device fabrication processes/structures. An
engineering and design method is desired for specifiﬁaﬂy modulaﬁng strainin
certaiﬁ preferential magnitudes and axial directions to allow for the |
simultaneous improvement of both NMOS and PMOS transistors.



has source and drain regions built on an active region, a length of the
device being different than a wwdth thereof. One or nore isolation regions
are fabricated surrounding the active region, the isolation regions are
then filled with an predeterm ned isolation material whose vol une
shrinkage exceeds 0.5% after an anneal process. A gate electrode is forned
over the active region, and one or nore dielectric spacers are made next
to the gate el ectrode. Then, a contact etch stopper layer is put over the
device, wherein the isolation regions, spacers and contact etch |ayer
contribute to nodulating a net strain inposed on the active region so as
to inprove the drive current These and other aspects and advantages wil |
becone apparent fromthe follow ng detailed description, taken in
conjunctigon with the acconpanying draw ngs, illustrating by way of exanple
the princP MY ARYt he disclosure. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. |
illustrates a cross-sectional side view of a netal -oxide-silicon field-

effect transistqry. FET roduced b onyentional, nethods. Fig. 2 is a
table illustrat M%?@eser&)g%cgﬁgmliprﬁucgqrriqucqqr@@ed'ﬁgqlp@ fr BHEKINg hr ee
di rectional..axi j i 0 t on NMOS and, PMXS .FETs. 4
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regi on t hdiRg diférenf tHaharwidig thetidl. TS mdf: AN HBR rb%';]inﬁfaP@t e sanpl e
circuit layouts of the transistors corresponding to those in Fig. 3 and
Fig. 4. Fifgbric&tadtshriougkligDiiid ddtblerreptors tasBokeiohiregiahs akdither NGl Witha

an predetermined isolation material whose volume shrinkage exceeds 0.5% after

an anneal process. A gate electrode is formed over the active region, and one or

more dielectric spacers are made next to the gate electrode. Then, a contact etch

stopper layer is put over the device, wherein the isolation regions, spécers and

contact etch layer contribute to modulating a net strain imposed on the active

region so as to improve the drive current

These and other aspects and advantages will become apparent from the
following detailed description, taken in conjunction with the accdmpanying

drawings, illustrating by way of example the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a cross-sectional side view of a metal-oxide-silicon field-

effect transistor (MOSFET) produced by conventional methods.

Fig. 2 is a table illustrating the relationship of strain field change along
three directional axis for transistor Id improvement on NMOS and PMOS FETs.



. sem conductor substrate at certain_ STl fabrication steps in accordance
with one exanple of the present disclosure. Figs. 7A through 7D illustrate
cross-sectional side views of a MOSFET through certain strain-inducing
process steps after the STl structure has been created in accordance with
one exanple of the present disclosure. Fig. 8 illustrates- a sanple
material showing its atomc structure in accordance with the present

di scl osure. . DESCRI PTI-ON The present disclosure describes a nethod for the
si mul t aneous i nprovenent of both NMOS and PMOS transistors' performance
used in CMOS circuits by the nodul ation of strain contributions from
common integrated circuit fabrication processes. Fig. 2 is a table that
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i nprovenent, while the - synbo specifies that a tensilFe strdi n reduction

(nor e cobprmmsisver Sidtvenkgion 10dss gedter Then thewedtte! at i onshi ps bet ween t he
-strain magni tude and strain directions shown in this table sumarizes the

complexity and difficulty for the sinultaneous -inprovement of perfornmance
for both n-chalfige!5Amid pBdiasineie mlelcanmtdamwts of Thetmekistdarenshi ps show
that the NMOS FET. performance inproves with increased tensile strain in
‘the x-y qgrwpamdmgatﬁéhos&mﬁlga%m&ﬂm FET
Figs. 6A through 6D illustrate cross-sectional side views of a
semiconductor substrate at certain STI fabrication steps in accordance with one

example of the present dlsclosure

Figs. 7A thrbugh 7D illustrate cross-sectional side views of a MOSFET
. through certain strain-inducing process steps after the ST1I structure has been

created in accordance with one example of the present disclosure.

Fig. 8 illustrates'a sample material showing its atomic structure in

accordance with the present disclosure.
'~ DESCRIPTION

‘The present disclosure describes a method for the simultaneous
improvement of both NMOS and PMOS transistors’ performance used in CMOS
circuits by the modulatign of strain contributions from common integrated

circuit fabrication processes.

Fig. 2 is a table that illustrates the effects upon the gate channels of
NMOS and PMOS FET transistors due to the change in the strain field-(0D) for



| nprovenent can be achieved with added tensile strain field fromthe normnal
Z direction. The added third strain conponent to the biaxial plane, an

ani sotropic in-plane tensile strain increase to the overall transistor
gate channel, will inprove performance of the PMOS transistors at a
relatively small expense to the net performance gain already realized on
the NMOS transistors, Referring nowto Fig. 3, there is shown a top planar
view of a common MOS field-effect transistor 300 at the process step after
the conpletion of the transistor's netal silicidation processes to
illustrate aone exanple for nodulating strain by defining the shallow
trench i stichtuifdhe thgee ptrain axielidiedions sihagymbrie” +1 padsHstasmatatydbe

el ectrode 301 is sho with the source 302 and drain 30? re%ions si tuat ed
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channel , iﬁP@rFé]ﬁ‘ﬂi&%%ﬁe]Bé)Hé%n%E%&aﬁﬁ‘ﬁl iR andAW6€ dBfclbR shapdnpndi ng at
the other end of .t source or drain. stance, D corresponds to the

di st ance thisagbleheinimangks EHﬁccﬁﬁpExﬁk%ﬂ@ﬂ@cﬂ@- fobehosbhailtandusf the source
or drai-n regions in the direction that aligns™wth the x strain direction.

Di st ance ifnprovemenpoiplerftxanang fak bgtis nichatthel andsp-chamneiMOSt transissish t he

transistor’s gate channel . In this transistor exanpl e the active region is

rect angullhere higistshomhthatithie NMOS FEhpesmmpuerithproyeowidr eat er t han

the length Loo of the region proyjdi a | ower magnitude of x-conponent

t han t ha(i:]ncreased tensile strainn the IC>)<—y biaxi %lane. Simultandous PMOS FET w
improvement can be achieved with added tensile strain field from the normal v
direction. The added third strain component to the biaxial plane, an anisotropic
in-plane tensile strain increase to the overall transistor gate channel, will improve
performance of the PMOS transistors at a relatively small expense to the net

performance gain aiready realized on the NMOS transistors.

Referring now to Fig. 3, there is showna top planar view of a common
MOS field-effect transistor 300 at the process step after the completion of the
transistor’s metal silicidation processes to illustrate one exampie for modulating
strain by defining the shallow trench isolation (STT) structure dimensions. The |
transistor’s gate electrode 301 is shown with the source 302 and drain 303 regions
situated adjacent to the gate. The STI regions 304 for confining the transistor’s
active region are shown located around the transistor. The active region of the
traﬁsisto_r bound by the STI structures is diinensionaﬂy defined within Fig. 3 by
the distance Lop, length of the region aligned with the x strain axis along the gate

- channel, extending from the outer end of the source and ending at the outer end



of they-conponent of the biaxial strain induced by the STI. Referring to
the <chart of Fig.2, this bound active region design is nost favorable for
NMOS devices, and not detrinental to PMOS devices. Referring now to Fig.
4, there is shown a top planar view of another. MOS field-effect
transistor 400 at a simlar point of fabrication as the transistor in Fig.
3. The transistor 400 features the sanme. conponents as those of Fig. 3,
having- a gate el ectrode 401, source 402, .drain 403, 'and STI 404 regions
illustrated. The dinensions of the above-nentioned conmponent |ayout is
different such that the transistor's active region bound by the STI

struct ur e ot i, shapedras. Diahel Weis thehwidds opdnaseietregionanrthetyestoaihar shape
of Fig.3 g¥&’[ars1e trg{a%gl stor exanple of Fig.4 illustrates that the width W
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| ength LoD (X strain direction). However, note that the STI__structures
adj acent Ewch@rtdraﬁséﬁmdjﬂgamﬂm othev en e the seuice or daay Piskarwel/ce and
drain electrode extensions that formthe |left and rights sides of C{Eﬂg "H'
shape. Thtsrrespondseioehe distandedr@nithe transisteregate @iﬂ?@’@%ﬁ\f@l & PEHIER LoD,
x strain conponent down froma | arge magni tude, -to.a,.much smal.l er.
conponent the smpre pr dzisrogiens feHoHaesHPn %mlt ﬁgg’é’ﬁ W ’ﬁ%allﬂl Ag:eq_h‘on.
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' of the y-component of the biaxial strain induced by the S"H. Referring to the = -

chart of Fig.2, this bound active region design is most favorable for NMOS "

—devices, and not detrimental to PMOS devices.

s - Referring now to Fig. 4, there is showna top planar view of ano’cher_.
MOS fi_eld-eﬁfect transistor 400 at a similar point of fabrication as the tranSistc_ar in
Fig. 3. The‘ transistor 400 features the samé. components as those of Fig.3, havmg
a gate electrode 401, source 402, .drajn 403, and STi 404 regi’ons illustrated. The =
dimensions of the above-menﬁonéd component layout is different such that the
transistor’s active region bound by the STI structure is shaped as the letter “H"” |
as. 6ppo§ed to the rectangular shapé of Fig.3's. The transistor example of Fig.‘é
-llustrates thét the width W (y straﬁﬁ direction) of the trénsistbr’s active region is
| Jess than the length Lop (x strain direction). However, note that the STI |
_strictures adjacent to ti'le transistor channel have been restricted by the source
and drain electrode extensions that form the left and rights sides of the “F”
shape. This cOnfmeIﬁent of the STI structures effectively reduce the Lop, x strain

component down from a large magnitude, to a much smaller component



new transi stor di mension paraneters LOD and D can be used as additi onal
desi gn decision paraneters within conventional device nodeling tools such
as SPICE. It is by this nethodol ogy, that the performance enhancenent of
the NMOS and PMOS transistors can be acconplishnent by the preferenti al
nmodul ation of the x-y biaxial strain applied upon the gate channel wth
the length, width dinensional design of the STI structures. Referring now
to Figs. 5A and 5B, there are shown two detailed circuit [|ayout exanples
of the transistors as described by Figs. 3 and 4. Fig. 5Ais a top planar
view of a transistor corresponding to Fig. 3 with the rectangul ar-shaped
active region. The device as shown has a width Wthat is greater than 0.60

m cron and di stance D that is 0.35 micron,_. Fj.g., is atop plan vi ew of
a transi@‘&’dj?P’é%lieer%%é‘?ﬁﬂoh‘éhlﬂg)thﬁﬁ‘Enlﬁtf\ﬂlf?Ill)-t BS"EE @ﬁgﬁéd“aeﬂf% gi on.
This figure has a width Wthat is l.ess than or equal to 0.60 mcron and

di st ance SHMERSET Brovides a gl X St AU eBUIRET s LB ERRGRLA for thi's

pr esent 1 i S . .Use of rectangular active regions are
favored ?%?‘9%‘9%% ies?yrgéegla&glgF ater than 0.60 mcron and that "H' shaped
active regions are favored for use with wdths 8 Wless than or equal to

0.60 ni I tpd e GWidel i RE: Voo di
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chnol ogy“priocess. erring“now

through @k, mehﬁff@réﬁ?]aqhg s WiRSrosRE digRalnt 18 dEfokinaNee Afic & friel d-ef f ect
transi stor 600 during ceftain process steps of the STl fabrication

sequencediffii@nbéirainl fasdesapphied. FeFposuiduéinensiarial semgubsiasitle 601 shown
wi th several isolation regions/trenches 602a-b opened fromthe substrate's

top surf airactifeefswhsh Falaypatdoikatesigy ldpoutd thanyvill dwelp duedsictudtancoypi cal |y
used in the manufacture of Integrated circuits. Conventional steps of
improvement and/ or the optimal balancing of the transistors’ performance. The
new transistor dimension parameters Lop and D can be used as additional design
decision parameters within conventional device modeling tools such as SPICE. It
is by this methodology, that the performance enhancement of the NMOS and -
PMOS transistors can be accomplishment by the preferential modulation of the
X-y biaxial strain applied upon the gate channel with the length, width

dimensional design of the STI structures.

Referring now to Figs. 5A and 5B, there are shown two detailed circuit
layout examples of the transistors as described by Figs. 3 and 4. Fig. A is a top
planar view of a transistor corresponding to Fig. 3 with the rectangular-shaped
active regioﬁ. The device as shown has a width W that is greater than 0.60
micron and distance D that is 0.35 micron, Fig. 5B is a top planar view of a
transistor corresponding to Fig. 4 with the “H" shaped active region. This figure
has a width W that is less than or equal to 0.60 micron and distance D that is 0.69
micron. The design guideline set forth for this present embodiment is that the
use of rectangular active region.é are favored for w'idth distances W greater than

0.60 micron and that “H" shaped active regions are favored for use with widths



phot or esi st maski ng and plasma etching of the substrate are used to create
the shallow trench openings 602a and 602b. As an option, a thin, thermally
grown silicon oxide trench liner 603 | ayer may be grown on the exposed
substrate and opened trenches as shown in Fig. 6B. The opened trenches are
then filled with an isolation material such as certain dielectric
material. The resultant strain fromthe conpleted (filled, annealed and

pl anari zed) trench will define the. net strain applied fromthe STI
structure upon the transistor's active region. According to the present

di sclosure, the filled trenches should have the a material feature that
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5% . or even 8% The volunme shrinkage determn he net strain applied
fromthe STI structure on the active region. In one exanple, a structurally
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substrate and into the trenches by using a high 9 density plasma (HDP)
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: photoresist masking and plasma etching of the substrate are used to create the
shallow trench openings 602a and 602b. Asan Opﬁon, a thin, thermally grdwn.
- silicon oxide -t_rench liner 603 layer may be grown on the exposed substrate and

opened trenches as shown in Fig. 6B.

. The opened trenches are then filled with an isolation material such as
certain dielectric material. The resultant strain from the completed (filled,
| annealed and planarized) trench Wiﬂ define the net strain applied from the STI
structure upon the transistor’s active region. According to the present |
. disclosure, the filled trenches should have the a material feature that would have
‘arelatively large volume in a relative high temperature and achieve a Volme
shrinkage of atleast 0.5% when the device is cooled down. In some cases, it is
' préferred that the volume shrinkage is above 5%, or even 8%. The volume
sﬁrinkage cietennﬁies the net strain applied from the STI structure on the active

regiomn.

~In one example, a structurally loose porous silicon oxide _dielectric"

material is deposited onto the substrate and into the trenches by using a high-



por ous HDP-based silicon oxide allows a | arger anmount of shrinkage than
that of conventional fill dielectrics. The vol unme shrinkage of this porous
oxi de, from post deposition to post thermal anneal, will typically be
greater than 0.5 % This higher level of shrinkage creates a higher |evel
of intrinsic tensile strain in the fill material that is in turn applied
upon the transistor's active region. Qther silicon oxide deposition
processes may be used to produce the porous oxide which exhibits the
desired 0.5 % shrinkage after anneal. Processes such as |ow pressure

chem cal vapor deposition (LPCVD) or atnospheric pressure chem cal vapor
deposition (APCVD) ‘utilizing tetraethyl orthosilicate (TEQGS) or Silane as

711 con BeTULTbIAERETOR) BAREhRR R G MRSl (B o8N o com
n e et i e dcds ety
Can af 8o Be et AP PouE PaREhighde 60 HElsitn A, TrBBLAT Bl Par o

pr oduceddefeymnitha I:Qeﬁ*%\i;elV&f'téné?E\@fIashfaﬁ’ﬁ gEbMﬁété’ &ﬂﬁﬂ%g)ﬁ%@tw@f ge vol ume

when, the 10 tenperature is high, but w ren en e tenperature goes

down as tdaton. Butole istpairitess s8lded das BeobigRtomAhh i D $0edl a6 GANK (et Y
dielectric material, porous or non-porous, with intrinsic tensile stress

that is 3Kl filbabe sEncEgesgreammiedijualernaceat a higterengeauhdirbaypleskg. Silicon
nitride, doped silicon nitride and silicon oxynitride are exanples of.
such matgeptdr tham 80@ dsgrees Gielxug lo gradlilies theSHideposiceditlkldverit.uned t o
provide, the desired intrinsic stress |evels. These processes nmay be of

ei t her plO¥ghophthepnneabprocsss wbevmshe teapsrivee gresdysaed retodud, Hice t he

strain on.the 'x- | ane that is inpased o he active region so that it
can be P @I}%dggxﬁgngwes volume exggnsmn_an sthrmkage. Tﬁe usg of the very

porous HDP-based silicon oxide allows a larger amount of shrinkage than that of

conventional fill dielectrics.

The volume éhrinkage of this porous oxide, from post deposition to post
thermal anneal, will typically be greater than 0.5%. This higher level of
shrinkage creates a higher level of intrinsic tensile strain in the fill material that is

in turn applied upon the transistor’s active regidn.

Other silicon okide deposition processes may be used toproduce the
. porous oxide which exhibits the desired 0.5% shrinkage after anneal. Processes
such as low pressure chemical vapor deposition (T_I-"CVD) or atmospheric
pressure chemical vapor deposition (APCV D) utilizing tetraethyl orthosilicate
(TEOS) or Silane as source material could be tuned to produce the loose structure
porous silicon oxide trench fill dielectric. Other similar processes such as semi-
. atmosphere chemical vapor deposition (SACVD) or spin-on-glass (SOG) process
can also be applied to generate desired results. The deposited material produced

by such a process will have a relatively loose and large volume when the
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-nodul ation on a net planar strain. After the anneal process, the STI

structures undergo gl obal planarization to renove excess STI fill material
such that the sem conductor substrate surface is void of any of the STI
fill material leaving only the shallow trenches filled with the

pl agi ari zed dielectric. Chem cal -nechani cal polishing (CVWP) with wet etch
chem stries and/or dry plasma etch chem stries may be used for trench

pl anari zation. Fig. 6D illustrates a view of the substrate and STT
structures after planarizatioin. At this point, the substrate is ready for
construction of the FET on the active region confined by the conpleted STI
structure. Referring now Figs. 7A through 7D, there are shown : -
Cr 0SS- Seghy i oY RS0 s hifid = i r ing certain
‘strain-i ggﬁgg%n%%gg@sf, steps Sgﬁrﬁ?ﬁgﬁégﬁ‘?%ﬁag? gt%tﬁg dg@@g?%éﬂ ure. To

conpl emenxidd@ickras O fakmelr ess  nodul ati on et hodol ogy as previously
descri bed, stress nodul ation of certain other process nay provide ‘

addi tional transistor enhancements gained fromthe third strain axis. Fig;,
7A illustrates th"adyﬂm?t othes idliéléﬁﬁicSﬂmﬁaﬁt{@ré’ﬁioﬂ\hbﬁ—pbkoﬁ@,&«rﬁﬁﬁp| et ed
STI structures 702a and 70Z2b fabricated. The 111"s gate, “conprising of .
gat e oxi deri7OR tansilegsitens dhaids avldest7ZDAES dynehpewsqubhecdritinstestcould besi dewal |
linmer |ayer is subsequently deposited onto the transistor followed by
deposi t i #Aedf Silirengphids, doppdsiliconanipidd andsitican oxpeiridecaeiesamgflem hi gh
intrinsic,tensile filmto he used, for a_ spacer |layer 706a-b will induce a
desi r abl 8L targly Bragepses fongish qhﬁi?cgéﬁt gﬁ@%ﬁ‘ﬁﬂélbe trmeddpazevideyer
706a-b is typi.cally.conprised of sjilicon nitride.as in_'this enbodi ment,
put may B SPIEER RS CRres3Tevel. o hese PrPRetshr el g therRIasAL r i nsi o
stress | Bis%ld, PPCAS OPRWD! The lab'o% %E“c?c%tsgé’s ﬁ‘rgaﬂlajfé %IQeEs 91%”51’? t}Pee}r(_ysquqr—e

plane that is imposed on the active region so that it can be referred to as an

modulation on a net planarvstrain.

After the anneal process, the STI sfructﬁres undergo gloBal planaﬁzaﬁon
' to remove excess STI £11 material such that t‘hel semiconductor substrate surface
is void of any of the STI fill material leavin'g only the shailo_w trenches filled with
the planarized dielectric. Chemical-mechanical polishing (CMP) with wet etch
| cherrd,sf:ries and/or dry plasﬁla etch chemistries may be used for trench |
planarization. Fig. 6D illustrates -a view of the sﬁbstrate and STI structures after :
planarization. At this point, the sﬁbstrate is ready for constfru-ction' of the FET on
the active region con.tiheq by the completed STI structure. '.

Referring now Figs. 7A through 7D, there are shown cross-sectional side
views of a field-effect transistor 700 during certain strain-inducing process steps
after the creation of the STI structure. To complement the x-y biaxial s&ess |
modulation methodology as previously described, stress Iﬁodulation of certain.
other process may provide additional transistor enhancements gained from the

third strain axis. Fig. 7A ﬂlustrafes a semiconductor sﬂic_ﬁ)n substrate 701 with
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centinmeter. The liner layer 705 is typically conprised of silicon oxide,

but may also be of any dielectric material. After deposition of the

transi stor sidewall liner and spacer filns, the two |ayers are then masked
with a photoresist pattern and etched to formthe spacer structures
situated directly adjacent to the side walls of the gate region. -Fig 713
illustrates the sidewall liner 705 and sidewall spacers 706a and 706b
after conpletion of the masking and etch processes. Fig. 7Cillustrates the
transistor with the conpleted sHicide regions for the source 708, drain
709 and gate 707. After the spacers 706a-b are created, the substrate
source and drain regions 708-709 of the transistor are fabricated. These

regi ons gpg ¢§ I LGt ' or wmeshstance reduction and
subsequent] con a%@a?ﬁﬁéﬁ%fﬁg?g%g%w%%%%ﬁgﬁs 731%3 Et?t/bfﬂ‘&téi ly used as the
sour ce mebahsiding of BateShlile 70aEha Y 66S L | TRRLGRLAL, T8y be of
a single Ialyer,gsi %gl e él-l enent, gpe% me?% ?046%8%{@%%%@?@&%@%? of

di f f er entsidevealaliner [Hyer Bombseqeeritlyl e el BntOHACRERsibDr RIS AR 10
several steps. The get al Iaséér(s)}J igpfi rst deposi tesci oﬁto(tvﬁ'emﬁ ansi st or.
The net aldepiokitionds the sparerdalyek?2 and then anneal ed under high tenperatures
usually in either a furnace or a rapid thermal process chanber.
Non-reacted netals are then subsequently etched off the transistor and
surroundi ng ar 3w prefergntialanecitcation o milsph yntriesic togsitntiyn thige ugret al
silici de?l | ayers. The vol une 'shri nktacge_ of the metal (or conposite netal

| ayers), [®et tpacer kayer ZUeerbivwibl iaducapidesirableddph tansile shrairat poretiatgat®% t o

- provi de %i ntlr' si c_stress @% the forped and anneal ed silici-ded |ayers
in.the s Lahde §Parss R ‘Oiéa-b isrippicalii samprised 9 sijicenmétridetaarnn 0O - dynes

e Suahifs ERHOLTRLRL pul B RELF Ry aRIBAR e TRRD Shple the 1 SOUT €@
intrinsic stress level of the spacer level is greater than 1.20E8 dynes per square
- centimeter. The liner layer 705 is typically comprised of silicon oxide, but may
also be of any dielectric material. After deposition of the transistor sidewall liner
and spacef films, the two layers are then masked with a photoreéist pattern and
etched to form the spacer structures situ.ated directly adjacent to the side walls of
the gate region. Fig 7B illustrates the sidewall liner 705 and sidewall spacers |

706a and 706b after completion of the masking and etch processes.

Fig. 7C illustrates the transistor with the completed silicide regions for -
the source 708, drain 709 and gate 707. After the spacers 706a-b are created, ;che '
substrate source and drain regioﬁs 708-709 of the transistor are fabricated. These
regions are subsequently silicided with metal for resistance reduction and |
subsequent contact ;:onnections.' Refractory metals are typically used as {'he
source metals for the sﬂicidation processes. The metal material may be of a
single layer, single element, doped metal, or a composite stack of different
metals. The complete silicidation process is performed in several steps. The

metal layer(s) is first deposited onto the transistor. The metal silicide is formed

12



source and drain netal silicided regions will be greater than 0.5% after
the silicide: anneal operation. By using a process that provides the
desired intrinsic stress 'of the deposited-netal (s), the level of tensile
strain applied to the gate channel can-be- nodul ated to the required
.levels for enhancenent of the transistor Id performance. The transistor as
illustrated 'in Fig. 7D shows the contact etch stop layer (CES) 710
deposited on top of the entire transistor just prior to the pattern.
maski ng and etching of the layer to create contact openings. The layer is
created . by using a chem cal vapor .deposition process. The CS | ayer has
its intrinsic stress nodified to inpose a stress that influences a net

t i i B i df
strain ofd h@n%g&xgaéagg ;ﬁg:‘le? r"“n%od. ngmmeg usaglyin bithdien fAEhhedel axpidsed for

the previous nts of “this” disclosure, the stress in the
z directh essithahibes. Qon-reacted neslksdrbeharvsiibsatimenhtiypewhadedf t he net

strai n.ap_plie to .the transistor's active region and gate channel.

Adj ust nethe ttamsisber draerreundingsireaonsing eceatettlv chemistfyleaning] cmiycthet ress
and/ or the use of added operations, such as Gernmanium 13 ion inplantation,
to modi fpetaheilicidedrlagersntrinsic strain in the vertical.i' direction that
coul d be used to nodul ate the net strain upon.the transistors' active

regi ons. The s acers and the CES | ayer npdul ate,, to dlffereslébe egrees, the

strain in a verhg s@uﬂ%@%éh@mﬂdmawws%mtavamr& @ ch can be
oF ey ok S %@35%%'15 b o e 007 1 RO R EBIHEAERS rpact s on
{1 ansi siBr e r%%efi“md it TR B e BRSSP el o0, o7, e
e St BByl B kot BOR P QKA qRRRELLLEALE TR R0C 1O the
expansion. rmsmatch between the source and dram substrate reglons and the

source and drain metal silicided regions wﬂl be greater than 0.5% after the

SI].lCldE anneal operaﬁon By usmg a process that promdes the desired mtrmsm
stress of the dep051ted metal(s) the level of tensile strain applied to the gate
channel can be modﬂated to the reqmred leve]s for enhancement of the

transistor Id performance j

. '-Ihe; transistor .a_s illustrated in‘Fig. 7D shows the contact etch stop layes
(CES) 710 deposited on top of t‘oe_ entire transistor just prioif to the oa’rtern. |

| masking and etchiﬁg of the layer to.create contact operﬁnés “The layer is creatéd
by using a chemical vapor aeposmon process. The CES 1ayer has’its m'EImSIC

| stress modified to impose a siress that influences a net strain on the active region.
For example, as with the methodology used for the prevmusly discussed

| embodiments of this disclosure, the stress in the z direction-caused by this CES
layer could be modulated to change the riet strain applied to the transistor’s
active region and gate mel. Adjuétment to the layer's depoéi_tion probess to
modify intrinsic stress and/or the use of added operations, such as Germamum :
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certain unit processes, the cunul ative effects of the nodulated strain
nodi fi cations may be tailored to achieve the desired nmagni tudes of strain
change in the desired various directional axis to obtain the required
anount and |l evels of enhanced transistor performance. Fig. 8 illustrates a
sanple material showi ng an atom c structure 800 of the active region for
maki ng a sem conductor device with an inproved drive current. Qther than
controlling the stress as descri bed above by using various nechanisns, the
stress can be also controlled within, the active region by controlling the
atom c distances in different directions. It is understood that whether it
Is an Ntype or P type device, there is a carrier flowin the active
regi on ej h | &.0r tr Lement s, s shown in Fig. 8, the
carri or PO RN s B R B BBB T 188 BT bt e
i nprovedy ' £l 858 r.ol ) ], G tor
dgeice aﬁﬁﬁ&gﬁaIﬁﬁ%%ovedhggﬁeg@gﬁ%éentEﬁgng ghgﬁgﬁéﬁﬁﬂgﬁﬁgqggﬁﬂgggregion
having a | arger atomc distance in the direction parallel to the wi dth of
the active regTRAsSR%rd E'ﬁcﬂ‘f:ltie.h@ES'léi‘y@:ﬁmbﬁﬁlzﬁé,‘rt%%ff&%npa&gllelu?,lél}'& Qrhfae 1ength
of the active region 806 or parallel to the carrier flow the contrary,
an N type asenticalndivedton slepesicutaribehe ki gldre, whadtecat Meldied Reaactive
region have a larger atom c distance in the direction parallel to the
carri er aftaw eoticaltsérairen@hé cambireticacef the veetitamntihslandhait stirdshethedi rection
perpendicular to the carrier flow or parallel to the width of the active
regi on. oviesalbnabstrais, whidhoaéinwtyly iopatss enthedriveeunteati bt isli st ance. For
exanpl e, the atqnjc distance nmay be determ ned by sanpling a nunber of
deigoedthatd :

| atti ce UNGeEgfe Rilgh sitaonedibation trdpatemeiskore snajobé ¢ M croscope or
through aggoanslgi’ighneecp %Slthoa]: sé:uec]:ctfvrea et:sligr? n‘Pe?:InE)S(rJﬂ)%y for the sfrain-inducing |

processes. Through specification and change to the intrinsic stress levels of

certain unit processes, the cumulative effects of the modulated strain
modifications may be tailored to achieve the desired i:nagm'tudes of strain change
in the desired various directional axis to obtain the required amount and levels |

of enhanced transistor performance.

Fig. 8 illustrates a sample material showing an atomic structure 800 of
the active regioh for making a semiconductor device with an improved drive
current. Other than controlling the stress as described above by using various
Ihecharﬁsms, the stress can be also controlled within the active region by
controlling the atomic distances in different directions. It is understood that
whether it is an N type or P type device, there is a carrier flow in the active
region either through hole or electron movements. As shown in Fig, 8, the
carrier flow is deemed to have a direction 802. In order to have the improved

“drive current through stress control, a P type semiconductor device with an
Jimproved drive current has its atoms in the active region having a larger atomic

distance in the direction paralle] to the width of the active region 804 than that in
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The exanpl es of the present. disclosure may be practiced upon any. field-
effect transistor, which is fabricated upon a sem conductor substrate with
processes that use deposited or grown stress-inducing filnms applied to the

transistors. Accordingly, 'it is seen fromthe above that the device
structure and the nethods for meking same according to the present
di scl osure provide viable - solutions to the problens of inproving carrier

nmobility and drive current (1d) of CMOS devices, and even simultaneously
for both NMOS and PMOS type transistors in. CMOS circuits. It is also noted
that the present disclosure provides a solution for the further shrinkage
of FET sizes and densities that are manuf act ur ed usi ng conventi onal

Brocess, Tekmdebanil o 3ok SoRa i b o ok o1

provides sinplified nethods on o € ne chani cal

stress andrsiérfiow. iOgueathrivary h@w@g@ﬁ RAshcHi PR Meei‘cetlé‘ﬁrefgf%@bswrs'

shal | ow trench structures, spacer silicided layers®*an 15 | ayers

upon t he lyaeatahsimihe. acBey t@@&ndﬁwfaalfafg&reﬁomﬁt &GeRdanRe Wirebibhe present
disclosure are easily incorporated in currently existing systens, The above

di scl osurparphled vo descamsenyflofividrehe bengtitud dheractive region eatizesn ther

i npl enmentjng different features of the invention. Specific exanples of
corrponent‘-Jé-"ec HAB De¥ terthe garier fhew argarelle] tolthe iwfiglth bethenactive on.
These -~ 'are, of_course, merely exa Ies and are not intended to-limt.the
i nvent.i of® @PBmTI%%maar&e&farﬁw WAYS Fedeteamine thamtpeie Histansgefiaton has been

t | d bed t f to th ferred
D Bk D00, B0 Reei et b et 3%%@@%@%@%&%@@% ¢ hat
_various’ %ﬂag&% d Iﬂgh?éé&@t?&l ‘i'?ﬁr@pargﬁyﬁlggtrggig tcrl_]gsfc%pe or through

measurements of dlffrac’aon patterns.

- The examples of the present disclosure may be practiced upon any f;Eieldl- -
 effect transistor, which is fabricated ﬁpon a semiconductor substrate with

processes that use dep051ted or grown stress—mducmg films apphed to the

tran515tors

Accordingly, it is seen from the above that the device structure and the
methods for making same  according to the present disclosure provide viable - -
solutions to the problems of imiproving carrier moblhty and drive current (Id)
CMO5 dev1ces, and even simultaneously for both NMOS and PMOS type
transistors in. CMOS circuits. It is also noted that t_he present disclosure provides |
a solution for the further shrinkage of FET sizes and densities that are
manufactured using conventional process meﬂlodologiés. It is also seen fha_t the
present disclosuré provides simplified methods for thé modification of the net
mechamcal stress and strain mduced by the shape and property of the

transistors’ shallow trench structures, spacer Iayer, silicided layers and CES
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wi t hout departing fromthe spirit and scope of the invention, as set forth

inthe following clains. 16 WHAT IS CLAIMED IS: 1. A nethod for making

sem conductor device with an inproved drive current, the sem conductor

devi ce having source and drain regions built on an active region, a |length

of the active region being different than a width thereof, conprising:

fabricating one or nore isolation regions filled wth an isolation materi al

surroundi ng the active region; annealing the isolation region, wherein the

i solation regions has at |east 0.5% volume shrinkage after the annealing,

and wherein a stress caused by a conpression of the isolation material in
is diifferent fromthat

he di ' f tihe | h of 4h ' '
ot SRSt Sl S ] PSSR T AP b o he
ti ' t [ | i , he | th. 2.
The mot nod-ant dRGont 4 colt) HER BB LRI sflint oo TP 1 ng
the i.solation regions wth a porous isolation material. 3. The nethod of

claim 2 wherel Tk AGoPO HRKMSUPLANYiABs RIS diftbrdr eggaogb%iﬁgtst g he method of

claiml1l wherein the iso teria posi t em cal vapor
deposi t i @mritpleh, for FhPrhatath §iofere® EBEAES 8t the%v@?ﬂ%ﬂ!@?ﬁ&ﬂc ekadhfism 1
wher ei n thefmljsol ati ogﬁmat erial has an. intrinsic tensile st re’gslpo at

| east 2. G mpmesmtpemdssroaeses ey desetibed t6 helpheariBt thednobniedrai Thdsef ur t her
conpri si ng:
are, of course, merely examples and are not intended to limit the invention from

that described in the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiment thereof, it will be ﬁnderstoo'd by those
gkilled in the art that various changes in forrh and detail may be made therein
- without departing from the spirit and scope of the invention, as set forth in the

following claims.
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formng a netal |ayer over the source or drain region; and annealing the
netal |ayer over the source or drain region to forma' silicide. 7. The
met hod of claim6 wherein the silicide has an intrinsic stress |arger than
2. 0E8 dyne/cnR. 8. The nethod of claim6 wherein the silicide has a vol une
shrinkage larger than 10% 17 9. The nethod of claim6 wherein a thernal
expansi on nisnatch bet ween the source or drain region and the silicide is
| arger than 0,5 "A" after being cooled down from annealing. 10. The nethod
of claim1 further conprising: formng a gate el ectrode over the active
‘region; and formng at |east. one dielectric spacer adjacent to the gate

el ectrod | ectric spacer has an intrinsic stress |arger-
than 1. ZW%%EWEQ%(ETM met hod of claim1 further conprising formng
a contact etch stop |ayer over the device wherein. the contact etch stop

| ayer has its 1intrifnsiethodsfarenskimgaefiicenductpnpesee witt apisprIeiad i nf | uences
a net’ st @i @frddiehactiV@idet@ndeide hdviagreuhechre! deiaregitnwbaileon t he

| solati on rg gggg%bﬁsew APtk OVGWHE?&@n%%%ramannea|'ng

13. A se | Ive current, a length of the
device b ?11'@0 ICPTEE EHE- f rom a wdth thereof conprising:. qne or rmre
i sol ation regifabricatinglone aximbredsplesigauegisnsddledswithendsolapgn enatgrial

surr oundlsagrcﬁﬁau@gcfhe\@uwgé@an

annealing the isolation region,
wherein the isolation regions has at least 0.5% volume shrinkage after the

annealing, and wherein a stress caused by a compression of the isolation material
" in the direction of the length of the active region is different from that caused by
the isolation material in the direction of the width of the active region due to the

 difference between the width and the length.

2 The method of claim 1 wherein the fabricating further comprises
filling the isolation regions with a porous isolation material.

3. The method of claim 2 wherein the porous isolation material is Ge
based. '

4. The method of claim 1 wherein the isolation material is dep 051ted
by a chemical vapor deposition with a TEOS based source material.

5. The method of claim 1 wherein the isolation material has an.
intrinsic tensile stress of at least 2.0E8 dynes per square centimeter.

6. The method of claim 1 further comprising:

forming a metal layer over the source or drain region; and

annealing the metal layer over the source or drain region to forma-
silicide.

7. The method of claim 6 wherein the silicide has an intrinsic stress
- larger than 2.0E8 dyne/cm?.

8. The method of claim 6 wherein the silicide has a volume shrinkage
larger than 10%.
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source and drain regions built on the active region; a nmetal |ayer over the
source and drain region to forma silicide; and a gate el ectrode over the
active region; at |east one dielectric spacer adjacent to the gate

el ectrode; and a contact etch stop | ayer over the device, wherein the

I sol ation regions has at |east 0.5% volune shrinkage after the annealing
so as to nodul ate a planar net strain on the active region, and wherein

t he spacer and contact etch |ayer contribute to nodulating a vertical net
strain conbined with the planar net strain so as to inprove the drive
current. 14. The device of claim 13 wherein the isolation material contains
a porous’isolation material. 15. The device of claim 14 wherein the porous

i sol ati on rmtser'a'meszgfé?hodéﬁgaﬁn%‘ﬂﬁqeqﬁaqm@kﬂe%% figddr o6 oer ' O
2% 48

materi al, has an, 18 i n ensile;s nes per
squar e CRER P24 R SOUFE OF RER i B Ehes HEIS i REBe s piterchaieg has an
i ntri nsi®oded dewn framgemealing. 2. 0OES dyne/ cnR. 18. The device of claim 13
wherein the silicide has a volune shrinkage |larger than 10% 19. The

devi ce of cl allom 13@}h%”ﬁ%ﬁ{o%eép§a®;'fﬁ%§%rc8 %Q\ hat a thermal expansion

m smat ch bet e ‘'sour’c he silicide is |arger
than 0.5 % d&errﬁ@%gatﬁféaqfr ‘E)Y%(:Qé‘§§‘c YO IR ddeli ce of claim 19 wherein
the thernal drpanyg aneastsmetdibleriic dpacgeadjnban t8%he gate electrode,

wherein the dielectric spacer has an intrinsic stress larger than 1.218

dyne/cm?

11, The method of claim 1 further comprising forming a contact etch
stop layer over the device wherein the contact etch stop layer has its intrinsic
stress modified to impose a stress that influences a net strain on the active region,

12, The method of claim 1 wherein the isolation regions has at Iéast 8%
volume shrinkage after the annealing.

13. A semiconductor device with an improved drive current, a length
of the device being different from a width thereof, comprising:

one or more isolation regions filled with a predetermined isolation
material surrounding the active region;

source and drain regions built on the active region;

a metal layer over the source and drain region to form a silicide; and

a gate électrode over the active region; |

at least one dielectric spacer adjacent to the gate electrode; and

a contact etch stop layer over the device,

wherein the isolation regions has at least 0.5% volume shrinkage after the
annealing 50 as to modulate a planar net strain on the active region, and

wherein the spacer and contact etch layer contribute to modulating a
vertical net strain combined with the planar net strain so as to improve the drive
current.

14.  The device of claim 13 wherein the isolation material contains a
porous isolation material.

15.  The device of claim 14 wherein the porous isolation material is Ge,

16.  The device of cléirn 13 wherein the isolation material has an
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21. The device of elaim 13 wherein the dielectric spacer has an intrinsic
stress larger than 1.2E8 dyne/cnR. 22. A nethod for making sem conductor
device with an inproved drive current, the sem conductor device having
source and drain regions built on an active region, a length of the device
being different than a width thereof, conprising: fabricating one or nore
I sol ation regions surrounding the active region, the shape of the device
is determned to be an "H shape or a rectangle based on the w dth thereof;
filling the isolation regions with an predeterm ned isolation materi al
whose vol unme shrinkage exceeds 0.5% after an anneal process; formng a gate
el ectrode oVer the active region; formng one or nore dielectric spacers

next to t.he, el ectrod for er |ayer over the
devi ce, WH ’ée?;té‘aﬁlsé’?%l?ar‘;%g]oﬁs, 3%?@5 cf%hﬁﬁ%é%&? etch | ayer
contribute to rmdul ating a net strain |rrposed on the active region so as
to inprove the7dri Vihe deviceanftclaif813 Wiereiet thedilwmidechad an Zeringictshisss

conpri si qg{ ftRM@EBﬁxij@ &{pl ayer over the source and drain regions;
anneal i ng ‘%e source and ‘drain regions and net aI | ayer to foermsilicide

"thereon, wherein the sjlicide has an_intrinsi ress |ar han 2. OE8
‘dyne/ cn2. 19 184. e desicesd Clﬁmbl%ﬂ“fheﬁé B 15 & s F‘Mqhg‘ﬁ'é Sﬁ’lﬁ],l}lqﬁ}gﬁ

conpri seqaj% thaig10%he isol ation regions with a porous isolation material.
25. The nethod of claim 24 wherein the porous isolation material is Ge.

: 19.  The device of claim 13 wherein the silicide is such that a thermal _
expansion mismatch between the source or drain region and the silicide is larger
than 0.5% during an annealing process.

20.  The device of claim 19 wherein the thermal expansion mismatch i is
larger than 8%.

21.  The device of claim 13 wherein the dielectric spacer has an mtrms1c
stress larger than 1.2E8 dyne/cm?,

22. A method for making semiconductor device with an improved
drive current, the semiconductor device having source and drain regions built on
an active region, a length of the device being different than a W1dth thereof,
comprising:

fabricating one or more isolation regions surrounding the active region,

~ the shape of the device is determmed to be an “H" shape or a rectangle based on
the width thereof;

filling the isolation regions mth an predetermined isolation matenal
whose volume shrinkage exceeds 0.5% after an anneal process;

’ forming a gate electrode over the active region;
~ forming one or more dielectric spacers next to the gate electrode;

forming an contact etch stopper layer over the device,

wherein the isolation regions, spacers and contact etch layer contribute to
modulating a net strain imposed on the active region so as to improve the drive
current. -

23, The method of claim 22 further comprising:

forming a metal layer over the source and drain regions;

annealing the source and drain regions and metal layer to form silicide
thereon, wherein the silicide has an intrinsic stress larger than 2.0E8 dyne/cm?.
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26. The nmethod of claim 22 wherein the isolation material is deposited by
a chem cal vapor deposition with a TEOCS based source material. 27. The

met hod of claim 22 wherein the isolation material has an intrinsic tensile
stress of at |ease 2. OE8 dynes per square centineter. 28. The method of
claim 22 wherein the isolation material has a volunme shrinkage exceeding 8
% after the anneal process, 29. An N type sem conductor device with an

i nproved drive current conprising an active region, wherein atons in the
active region have a larger atomc distance in the direction parallel to a
| ength of the active region than that in the direction parallel to a width
of. the active region. 30. A P type sem conductor device with an inproved
drive current conprising an active region, wherein atons in the active

h | i dt h
gfeg't on agvlevg gar gg;mf@%m gi aaﬁﬂ@g \lffjelleﬁ? ha% %gﬁgﬂ[‘gp&aﬁw .g'slfgﬁgghwof
t he acti \}i r'b‘di 1 TeFAONS wit a porous 1solat10n materlal

25. The method of claim 24 wherein the porous isolation material is Ge.

26.  The method of claim 22 wherein the isolation material is eposited
by a chemical vapor deposition with a TEOS based source material,

27.  The method of claim 22 wherein the isolation material has an
intrinsic tensile stress of at lease 2.0E8 dynes per square centimeter,

28.  The method of claim 22 wherein the jsolation material has a
volume shrinkage exceeding 8% after the anneal process.

29. AnN type semiconductor device with an improved drive current
comprising an active region,

wherein atoms in the active region have a larger atomic distance in the
direction parallel to a length of the active region than that in the direction
parallel to a width of the active region.

30. AP type semiconductor device with an improved drive current
comprising an active region,

wherein atoms in the active region have a larger atomic distance in the
direction parallel to a width of the active region than that in the direction parallel
to a length of the active region.
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