HIGH PERFORMANCE SEMICONDUCTOR DEVICES FABRICATED WITH STRAIN-INDUCED
PROCESSES AND METHODS FOR MAKING SAME BACKGROUND The present disclosure relates
to the fabrication of high performance field-effect transistors in CMOS integrated circuits, and more
particularly, relates to methods for integrating and modulating the strain-induced process steps to
enhance the transistors' performance. 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 process steps during device
fabrication. The strain induced upon the transistors' gate electrical channel affect the transistors'
electrical field strength and carrier mobility performance. In complimentary metal oxide semiconductor

(CMOS) deviegrsirPprefiotivambeRssnessibrsiierrspe iprdeal Wil Reeansg:thandeyipes
comprise of dlffg?mgﬁgg%.ﬁ%@ g@ﬁ@%ﬁﬁﬁ%ﬂg%ﬁmgg %}ﬁftlons

upon a given transistor size and orientation have varying aftects upon pes. For
example, tensile stress/ strain applied in the direction. parallel to the. gate channel of an n-channel
MOS transistor will provide improved drive current (Id) performance, while the same stress applied
upon an ident})cgl&g&q{%éﬁg)ented p-channel transistor will cause degraded Id performance. As
transistor geoméetric Sizing 1 distances scale down, strain/stress affects applied upon the

MOStransistor.s ‘ : ,
‘The present disclosure relates to the fabrication of high performance |

field-effect transistors in CMOS integrated circuits, and more particularly, relates
to methods for integrating and modulating the strain-induced process steps to

enhance the transistors’ performance.

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

F

procesé steps during device fabﬁéation. The strain induced upon the transistors’
gaté electrical channel affect the transistors’ electrical field strength and carrier
mobﬂity performance. In complimentary metai(oxide semiconductor (CMOS)
devices, strain effé;:t can be an especially difficult issue to deal with because the
devices comprise of different transistor typ.és. The affects of various strain
magnitudes and strain directions up.on a given transistor size and orientation
have varying affects upon different transistor types. Flor example, tensile

. stress/strain applied in the direction .?aralleI to the gate channe] of an n-channel
MOS transistor will provide imprdtfed 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



become relatively more strong and difficult to overcome. Strain-inducing process operations are
numerous in the fabrication flow of CMOS devices. One critical process loop for example, the shallow
trench isolation (STI) fabrication, involves the construction of a substrate structure to isolate and
define the transistors' active regions. The STI process loop of trench etching, trench filling,
planarization and annealing results with a completed STI structure inducing stress onto the transistors
from at least two axial (biaxial) directions. Processes that do not directly modify the substrate may
also apply additional strain upon the transistor. Such processes create structures such as the
sidewall spacers and contact etch stop (CBS) layer, films that are deposited or grown on top of and/or

adjacent to the transistor gates. Other strain inducing processes such as the metal silicidation

processes invalve the reaction of dissimilar materials to form new layers near the gate channel. Fig.1
the basic

illustrates a crdissaseoticaaloviRwel venptionaldeld-eifedt frapsistor 1 win -

components thereof with some of th%%%@%ﬂ%ﬁ%%%ﬁ%ﬁ éf}lgﬁs(“tgﬁéﬁ rz@”ﬁ‘féoﬁ@ure also has

been labeled WHfPME relativiefgerzxie sorohgutiectiffaetirections gffaow strain fields are applied with

respect to the PET orientation. The substrate 101 area located between STI structures 102a.and 102b
ate region comprising of a gate oxide 103 and gate

Zéggc?c?g ri%i tursapast;futcaﬁﬁv\ﬁ‘héfﬁgﬁ% fgglf;@%srg@%t@%@mwpmm 11 Ocafid et sidéwall
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isolation (STI) fabrication, involves the construction of a substrate structure to
isolate and define the transistors’ active regions. The STI process loop of trench
- etching, trench filling, planarization and armealing restlts with a completed STI

structure inducing stress onto the transistors from at least two axial (biaxial)
directions. Processes that do not directly modify the s.ubs-trate may also apply
additional strain upon the transistor. Such processes create structures 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 inducing

processes such as the metal silicidation processes involve the reaction of

dissimilar materials to form new layers near the gate channel.

Fig. 1illustrates a cross-sectional view of a conventional fiei.d—effect

transistor 100 showing the basic components thereof with sorﬁe of the above-

| ‘?le.entioned 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 substrate 101 area located befwéen STI
structures 102a and 102b is the defined transistor active region. The gate fegion ‘.
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,



distance g is defined as the region of the substrate surface under the gate region, 2 between the
source (distance s) and drain (distance d) substrate regions of the transistor. The source s and drain d
regions extend out from the ends of the gate channel to the SIT structures. Metal-silicided electrodes
areas are formed on top of the transistors gate, source and drain regions. These regions are shown in
Fig.1 as gate silicide 107, source silicide 108 and drain silicide 109 regions. The contact etch stop
(CES) 110 layer is shown, situated on top of the entire transistor at the process point just prior to the
contact masking/patterning operations of the device. The strain/ stress forces are specified by the
three dimensional axis X, y and z. For the discussions within the present disclosure, 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.1. The strain axis perpendicular to the gate

channel acrossitbenssbsthatedtrkp gdiiasdhe)y.diletion. (Hieihird AdsiBde-the 1%?&19'6@%@” directly
normal to the substrate surface and to the plane created by axis x and y. It is noted that the various

fabricated tranﬁ%%ﬁﬁ@ﬁ%t@ﬂ&%ﬁmslrﬂﬂ@ draiifl dppfyicrsarisendfattdimfordes eoto dhétiegnsistor's
gate channel in arious es a dlre i the, conyventional CMOS technologies, the
two-component }éaﬂg%xﬁl?g rgﬁ? ?P&Eiiﬁﬂ‘ﬂgﬁf ﬁFﬁ%‘?é]S?tfgﬁ%‘% e iaredan top
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device fabrication processes/structures An _ )
Figlas gate silicide 107, source silicide 108 and drain silicide 109 regions. The
contact eich stop (CES) 110 layer is shown, situated on top of the entire tranmstor

at the process pcmt just prior to the contact masking/patterning operations of

the device.

The strain/stress forces are specified by the three dimensional axis , ¥y

-and z. For the discussions within the pi'eserit_disdosxiré, the axis parallel to the
gate channel across the substrate along the direct path to and from the sourcé
and drain regions is known as the x direction, as shown in Fig.1. The strain axis
perpend;ic@ar to the gate channel across the sﬁ’bstrate is known as thé y |

- direction. The third axis z is the strain direcfion direcﬂy- normal to the substrate
sm:fape and to the plane created by axis x and y. Itis _nb’ced that the various®

* fabricated transistor structures shown in Fig.1 will apply a variety of strain forces
onto the t:ransistor’s gate channel in various magnitud es and directions. In the
convenhonal CMOS technologies, the two-component x-y biaxdal stram from the
.STI structures is a large portion of the net effect. |

- Accordingly, it is desirable to have a method fof modulating the net
strain induced by the various device fabrication processes/ structures. An
engineering and design method is desired for specifically modulaﬁng strain in
certain preferentlal magmtudes and axial directions to allow for the

sunultaneous improvement of both NMOS and PMOS transistors..




engineering and design method is desired for specifically modulating strain in certain preferential
magnitudes and axial directions to allow for the simultaneous improvement of both NMOS and PMOS
transisto % ARY In one aspect, there is provided 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 active region being different than a width thereof, comprising: fabricating
one or more isolatiarregisms fjliberwithrarvidetadiorinatdiiaimskimguedingthecastike regieth amnealing
the isolation region thereby shrinking the isolation region by at least 0.5% volume, and compressing

the isolatiBAPRARGIMMENEG Siredamicansiy ey dRucohmiBesionet d domtss il iftthe
direction. of the.l th.of th (] ion is diff tf that b J i i th
rection. of N&;ienglil ot the ﬁ%rg'}éhf tr%‘%g't%%" c%l%fﬁ]%%%&%orﬂené% 8?5%%%% ﬁaé%e_ C%Bﬁ?sgf&%o? e

isolation mate?iaY?n t irectio e width' o Ive redion due to the difference betweén the
width andciapiength. dolighipertamancesemicentictaimicalaad ihiemathes desmakingsame is
disclosed with an improved drive current. The semiconductor device has source and drain regions
built on astareivesliegiba, atdengeevithandenliog Buingptiffererveinariesidtinekans thomwbtimore
isolation re%ié)ns can he fabqigg#ed iurroundén(geothe active region, the isolatiorl1 rﬁgions are then filled
with an prEESB R TS AlidA SIS VRS SO TBRFHE En T RO IR BB SRS AP iReal

process. Agalg eleGHOdS AR QeI TRt L YRR AHINETR0IANLh AT QRSP LINERE diglariicspacers

can be made next'to the gate electrode. Then, a contact etch stopper layer can be put over the

device, whetieinrthistlatifforeagibos, Spaceuscdrigy the compression of the isolation material in the
direction of the width of the active region due to the difference between the width and the

length.

A high performance semiconductor device and the method for making same is
disclosed with an improved drive current. The semiconductor device has source and drain
regions built on an active region, a length of the device being different than a width thereof.
One or more isolation regions can be fabricated surrounding the active region, the isolation
regions are then filled with an predetermined isolation matertal whose volume shrinkage
exceeds 0.5% after an anneal process. A gate electrode can be formed over the active region,
and one or more dielectric spacers can be made next to the gate electrode. Then, a contact
etch stopper layer can be put 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

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 disclosure.



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 ipti i ' i [ companying drawings, illustrating by way of
exampleﬁ%ﬁ%ﬁﬁ{é@cﬁﬁﬁgbﬁé&%ﬁ%ESCRIPTION OF THE DRAWINGS Fig. |
illustrates a cross-sectional side view of a metal-oxide-silicon field-effect transistor (MOSFET)
produced by conv@igiohdllmetiess Eigss2sicadableiidisieating thenalationdbigilofstrandiefttahange
along three directional axis for transistor Id improvement on NMOS and PMOS FETSs. 4a Fig. 3
illustratesnep TP TIEW bPw froS e Tahsniimpthesékedh of the transistor's active region to be
less than the width. Fig. 4 illustrates a top planar view of a MOSFET showing the length of the
transistor's active yegion to be greater than the width. Figs..5A and 5B illustrate sample cirguit layouts
Ofthe transitors. Lrebporiig b B SHAPTIP SR e R R e
cross-sechiprabsidleviews fhaiaeceRsiucionauRaiRIg @k craNOR falrication steps in
accordance with one example of the present disclosure. Figs. 7A through 7D illustrate cross-sectional
side views of a MOSFET through certain strain-inducing process steps after the STI structure has
been

4a



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 modulation 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-(00) for 5
each of the three strain axial directions. The symbols "+" and "-" annotate the change in strain, for a
given direction, required to improve the Id performance of each transistor type. The + symbol denotes
that tensile strain/stress increase (less compressive strain) is desired for Id improvement, while the -
symbol specifics that a tensile strain reduction (more compressive strain) is desired. ['he

interrelationships betfigehithesstrainmagniluge anckst s diEDIPRY shevwp: (ks Yymmarizes
the complexity and difficulty for the S|multaneous improvement of performance for both n-channel and

p-channel MOSHHREsTS active repigprishhslehoihenatiheNMIDS FET, performance improves with
increased tensile strain in the x-y biaxial plane. Simultaneous PMOS FET improvement can be

achieved with added:tengi n_field from the narmal e added th| d strain component
to the biaxial plane, ar%n %l@ol%%%% baltd PPl ¥R 2 NS Sﬁowmg the engt% fc
the transistor’s active region to be greater than the width.

Figs. 5A and 5B illustrate sample circuit layouts of the transistors

corresponding to those in Fig. 3 and Fig.4.

Figs. 6A through 6D illustrate cross-sectional side views of a
semiconductor substrate at certain STl fabrication steps in accordance with one

example of the present chsclosure

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

created in accordance with one example of the present disclosure.

Fig. 8 lllustrates 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 modulation 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 dué to the change in the strain field (0 D) for



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 already realized on the
NMOS transistors, Referring now to Fig. 3, there is shown a 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 example for modulating strain by defining the shallow trench isolation (STI)
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 transistor bound by the STI
structures is dimensipnally, defined within Fig. 3 by the distance LoD, length of the region aligned with
the x strain ax"lifg1 %OHQQP\%¥85?8 S&%Hﬁéﬁfﬂ&?gﬁ&ﬁﬁﬁrﬁorﬁ REBIEHENY of e soutéd afitfeHiing at the
outer end 6 otheiaim apas, RistapselY dsihewidth.of theqgtiye regionin the y strain axis
perpendicular to tkﬁe’ gate channel, e%fgﬁlngr%%%n%h%ggt{g?%%%iﬁgﬁg&s}é}&(rc}ea grg 5?%%‘3%‘ e(hfding at
the other end @icheisosictooitppain TRistaneamBolcdsespentistahgdisiancesiren theransistor gate
electrode to the outer end of the source or drain regions in the direction that aligns with the x strain
direction. DistsitePEEBRSEpD A D) dnd etignd forld nspronaiireationivileitive snamsistor's gate
channel. In tm?garpfsdét&{a%atrp%l eths%“acriiivg i%e((gt(;#'jc[)n [ rectan%tigl)ar;‘she;ggd wit&:{,tlh width W, of the
STI-bound region greater than the T8nGHH LoD GHRR PEGIER STOVIERY 2 AR A gHitiss ofl he

X-com ponentiﬂi‘ﬁm@ﬁftions}ups between the strain magnitude and strain directions shown in

this table summarizes the complexity and difficulty for the simultaneous
improvement of performance for both n-charmel and p~channel MOS transistors.
The relationships show that the NMOS FET perfortance improves with
increased tensile strain in the x-y biaxial plane. Simultaneous PMOS FET
improvement can be achieved with added tensile strain field from the normal z
direction. The added third strain component to the biaxial plane, an anisotropic
in-plane tensile strain increase to the overall transisfor gate channel, will improve
performance of the PMOS transistors at a relatively small expense to the net

performance gain aireaciy realized on the NMOS transistors,

Referring now to Fig, 3, there is showna top planar viéew 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 example for modulating
strain by defining the shallow trench isolation (STI) structure dimensions. The |
transistor’s gate electrode 301 is shown with the source 302 and drain 303 regions
situated adjacent to the gate. The STl regions 304 for confining the transistor’s
active region are shown located around the transistor. The active region of the
n‘arisisto: bound by the STI structures is dimensionaHy 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 the y-component of the biaxial strain induced by the STI. Referring to the chart of Fig.2, this bound
active region design is most favorable for NMOS devices, and not detrimental to PMOS devices.
Referring now to Fig. 4, there is shown a top planar view of another MOS field-effect transistor 400 at
a similar point of fabrication as the transistor in Fig. 3. The transistor 400 features the same.
components as those of Fig.3, having_ a gate electrode 401, source 402, drain 403, and STI 404
regions illustrated. The dimensions of the above-mentioned component layout is different such that
the transistor's active region bound by the STI structure is shaped as the letter "H" as opposed to the
rectangular shape of Fig.3's. The transistor example-of Fig.4 illustrates that the width W (y strain

direction) of the transistor's active region is less than the length Lon (x strain direction). However, note
that the STI stefcthredrateueasd tistanan ¥kt rthﬁaﬁr@fh@@gmé@wgsttw By e B6tRE and drain

electrode extensions that form the left and rights sides of the,"H" . shape. This confinemgnt of the STI -
structures effe?:ﬁ%/%@err@(‘fu”é%ct?\]@ﬁ_ A gﬁi&%p@gﬁl‘ ﬁéﬁ%%%ﬁ fﬂ?ﬁﬁl gli‘gragsfﬁ{a%rﬁ%l?ge&}%'a much
smaller compopgni-Z aPeRaRialeereRssReading te-the disfenredBurkeis dikimogifigaties of the STI
dimensions provides a smaller x strain component upon the gate channel, favorable for the PMOS

transistor, RefectngspackitotthbqecHantaob Eigosh, iifferentisansistor ebgitndhapékefonthe differént FET

types will provide different Id_ performance due to the different strain forces applied. Purposeful
e erike erqrain regions in the direction that aligns with the'x strain direction.

dimensional s .
- Distance Lgcorresponds to and aligns in the x strain direction with the
ﬁ*ansistor’s gate channel. In this transistor example the active region is
rectangular-shaped with the width W of the STI-bound region greater than the
length Lop of thé region providing a IDWer magnitude of x-component than that
 of the y-component of the biaxial strain induced by the STI. Referring to the |
chart of Fig.2, this bound active region design is most favérable for NMOS

| devices, and not detrimental to PMOS devices.

o - Referring now to Fig. 4, there is shown a top planar view of another
MOS .fi_elc-ljeffect transistor 400 at a similar point of fabrication as the tranéisth in
Fig. 3. The transistor 400 features the same components as those of Fig.3, having_
a gate electrode 401, source 402, drain 403, and STI 404 regions illustrated. The
dimensions of the above-menﬁonéd c:omp onent layout 1s different such that the
transistor’s active region bound by the STI structure is shaped as the letter “H"
as épposed to the rectangular shapé of Fig.3’s. The transistor example of Pig.4
-illustrates that the width W (y straiﬁ direction) of the trér_isistofs active region is
Jess than the length Lop (x strain direction). However, note that the STI | |
structures adjacent to ﬁe transistor channel have been restricted by the source
and drain electrode extensions that form the left and rights sides of the “H”
shape. This confinement of the STI structures effectively reduce the Lop, x strain

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



structures for each FET type allow design layouts that will help the simultaneous improvement and/or
the optimal balancing of the transistors' performance. The new transistor dimension parameters LOD
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. 5A is a top planar view of a transistor corresponding to
Fig. 3 with the rectangular-shaped active region. 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 sp Figriihche ccshangd @etiver gian. TS figurerhas,aimidih W, jhatdsess than

or equal to 0.60 micron and distance D that is 0.69 micron. The design guideline set forth for this
present embotimentiisthardvedese sinabtangitiaiactivepegions aenfiveeddahwidi, distances W
greater than shaped active regions are favored for use with widths 8 W less

P.E}O mif;r n aﬁd at "H" _
than or equal o 6766 fi&io ?elﬁig’%@?%b%%at the design guideline can vary according to the need
of a particular technology process. Referring now to Figs. 6A through 6E, there are shown

cross-sectional side gy ¢h 3 Bl effert LRAAIPRADG JWing CRIAINRIORSTS.pIER R g ST!

for the different FET types will provide different Id performance due to the
~ different strain forces applied. Purposeful dimensional sizing of the ST

structures for each FET type allow design iayouts that will help the simultaneous
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 fools such as SPICE. It
is by this methodology, that the performance enhancement of the NMOS and
PMOS txjanéistors 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. 5Aisatop
planar view of a transistor corresponding to Fig. 3 with the rectangular-shaped
active region. 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 regions are favored for width distances W greater than

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



fabrication sequence. Fig 6A illustrates a semiconductor silicon substrate 601 shown with several
isolation regions/ trenches 602a-b opened from the substrate's top surface. The substrate material
may be of any semiconductor typically used in the manufacture of integrated circuits. Conventional
steps of photoresist masking 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
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 will define the net strain applied

from the STI structure upon the transistor's active region. According to the present disclosure, the
filled trenches '‘Sh&isith éﬂ@ﬂ@a&hméhé@ﬁead:mwtHanm&wa@tf@ﬂtN@@é@@@g@ﬂﬂ@ﬂﬁ@ a

relative high t rature an achle volyme shrinkage of at least 0.5% when the device is cooled
down. In somgggggesy FIEORTEeHe ﬁd%%%@gﬁﬁﬁ’é ?ﬁké@@@@@@%ﬁ%eé‘ﬁ even 8%. The volume

shrinkage determines the net strain applied from the STI structure on the active region. In one
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fabrication sequence. Fig 6A illustrates a sermconductor silicon substrate 6{)1

shown with several isolation reglons /trenches 602anb opened from the

substrate’s top surface. The substrate material may be of any semiconductor

typically used in the manufacture of integrated circuits. Conventional steps of

photores1st masking and plasma etching of the substrate are used to create the

shallow trench openings 602a and 602b. As an ophon, a thin, thermally grown

- silicon oxide trench liner 603 layer may be grown on the exposed substrate and

opened trenches as shown in Fig. 6B.

The opened trenches are then-ﬁ]ied with an isolation material such as
certain dielectric material. The resuitam strain from the completed (filled,
annealed and planarized) trench lel 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 Woﬁid have
‘arelatively Iarge volume in a relative high temperature and achieve a volume
shrmkage of atleast 0.5% when the device is cooled down. In some cases, it is
preferred that the volume shrmkage is above 5%, or even 8%. The volume
shrinkage deterrmnes the net strain apphed from the STI structure on the active

region.

Inone example, a structurally loose porous silicon oxide dielectric

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



determines the higher level of tensile STI strain upon the transistor's active region. Porous impurities
added can be big atom materials such as Ge. After the STI fill, the structures are annealed in a
furnace at a high temperature, typically greater than 900 degrees Celsius, to stabilize the STI
deposited dielectric. Throughout the anneal process when the temperature goes up and returns, the
silicon oxide experiences volume expansion and shrinkage. The use of the very porous HDP-based
silicon oxide allows a larger amount of shrinkage than that of conventional fill dielectrics. The volume
shrinkage 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 region. Other silicon oxide deposition
processes may be used to produce the porous oxide which exhibits the desired 0.5 % shrinkage after

anneal, Proagesstyspiabras (pFOIEEaseE gheraical paperdspasiion.(WRGVLQ: Atmeskheric

pressure chemical vapor deposition (APCVD) utilizing tetraethyl orthosilicate (TEOS) or Silane as
source mateliit élia e fdht potsros aidis thecsoketsebtyresi porofil siliberpoxite treieh fdl dielectric.
Other similar,processes such.as semi- atmospher emical vapor deposition (SACVD) or
spin-on-glang%ESBWSPoi esglgfé?f gg@%&é‘ﬁ'ﬁ?ﬂiﬁ%ﬁ%ﬁ%ﬁ%@&é‘sﬂ% FaBEHO Thacdéposited material
produced byesuen aminseseilbaie adelaiiial 10058 andlprg RS UhED dfe AR pfpperature i
high, but will S rink when the témperature goes down as the
~ ST, the structures are annealed in a furnace at a high temperature, ty pically

greater than 900 degrees Celsius, to stabilize the STI deposited diclectric.

Throughout the anneal process when the temperature goes up and returns, the

silicon oxide experiences volume exparision and shrinkage. The use of the very

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

conventional fill dielectrics,

The volume Shrinkage 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 regioh.

Other silicon oﬁcic_ie deposition processes may be used to produce the

. porous oxide which exhibits the desired 0.5% shrinkage after anneal. Processes
such as low pressure chemical vapor deposition (LPCVD) or atmospheric

- pressure chemical vapor deposition (APCVD) utilizing tetraethyl orthosilicate
(TEQO) 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 laxge volume when the
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oxide such as SiO2 is formed. Alternatively, any other dielectric material, porous or non-porous, with
intrinsic tensile stress that is at least 2.0E8 dynes per square centimeter could be used. Silicon nitride,
doped silicon nitride and silicon oxynitride.are examples of.such material. Processes for such
dielectric films could be tuned to provide the desired intrinsic stress levels. These processes may be
of either plasma based, LPCVD or APCVD. The above processes modulate the strain on the x-y
plane that is imposed on the active region so that it can be referred to as an modulation on a net
planar strain. After the anneal process, the STI structures undergo global planarization to remove
excess STI fill material such that the semiconductor substrate surface is void of any of the STI fill
material leaving only the shallow trenches filled with the planarized dielectric. Chemical-mechanical
polishing (Culp) with wet etch chemistries and/or dry plasma etch chemistries may be used for trench
planarization. %P@Bﬂ%ﬂ%abﬁéw@ﬁﬂi&sﬁbmﬁrwtﬁﬁp@wamM@;)a@tdmxpkaaamh@tlon At this

point, the substr?te IS rﬁadé*@r copstructjon of the FET on the active region confined by the
completed sTrsnructire g HOW" igs. 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 .

J([jheescsr-lrt:;érusigrses r-lr;?)c%lllgétlon of certalr? }é%%grrx !bﬁr%%e%%% m%%%%c?éb F%%L?lona i 2|Ss orre \élr?t{@f\:\iements.
gained from iéritiiie tsmaile, sixiss gt 1At Mm@@m?hegwg@ﬁmmm&mg with

.used.  Silicon nitride, doped silicon nitride and silicon oxynitride are examples

of such material. Processes for such dielectric films could be tuned to provide

the desired intrinsic stress levels. These processes may be of eithér plasia

based, LPCVD or APCVD. The above processes modulate the strain on the X-y

plane t‘hat 18 imposed on the active region so that it can be referred to as an

modulatxon on anet planar strain.

- After the anneal process, the STI structures unde:rgo global planarization
to remove excess STI £l material such that the serruconductor substrate surface
is void of any of the ST fill material Ieavmg only the shallow trenches filled with
the plaﬁarized dielectric. Chemical-mechanical polishing (CMP) with wet etch

| chenustrzes and/or dry plasma etch chemistries may be used for trench
planarization. Fig. 6D ﬂlustrates a view of the substrate and STI structures after
plananzahon At this pomt the substrate is ready for constructlon of the FET on

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

third strain axis, Fig. 7A llustrates a semlconductar sﬂlcon substrate 701 with
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11 the completed STI structures 702a and 702b fabricated. The PET's gate, comprising of gate oxide
703 and gate electrode 704, is shown. The transistor's sidewall liner layer is subsequently deposited
onto the transistor followed by deposition of the spacer layer. The preferential specification of a high
intrinsic tensile film to be used for a spacer layer 706a-b will induce a desirable high tensile strain
upon the gate channel. The spacer layer 706a-b is typically comprised of silicon ni trifle as in this
embodiment, but may be of any dielectric material. In this example, the 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 spacer films, the two layers are then masked with a photoresist pattern and etched
to form the spacer structures situated directly adjacent to the side walls of the gate region. Fig 7B

illustrates thelSidewaiplated A mdcsjdﬁw@mg@a@@rs’oza%mF(;Qﬁbﬁ{EBFE.‘P'H?LﬂUO” of the masking
and etch processes, Fig. 7C illustrates the transistor with the completed silicide fegions for the source

708, drain 705°AR0 GARS FH BaAgerife Lhncad gosxiscredesdibds tensubsTiate seuiae and drain
regions-708-709.qf the;Hansistor are fabricated. These regions are subsequently silicided with metal
for resistance retjucti(?rllHa@#g{ zté)%@esq%ﬁ%snetqc%%ﬂ &t %?%Eg@t@ér%&wlﬁ#@fé% reagdizally used as

the source mitpis faothef shisicladian PIOEESSES. The metal material may be of a single layer, single
element, doped metal, or a composite stack of different

The preferential specificatioﬁ of a high intrinsic tensile film to Ibe used
for a spacer layer 706a-b will induce a desirable high tensile strain upon the gate
charnel. The spacer layer 706a-b is typically comprised of silicon nitride as in
this embodiment, b_ut may be of any dielectric material. In this example, the
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 spacer films, the twd layers are then maske& witha photoreéist pattern and
etched to form the spacer sfructures situated directly adjacent to the side walls of
the gate region. Fig 7B'iilustrates 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, the
substrate source and drain regions 708-709 of the transistor are fabricated. These
regions are subsequently silicided with metal for resistance reduction and |
'subsequent contact ;:onnectioﬁs.l Refractory metals are typically used as the
source metals for the silicidation processes. The metal material may be of é
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



metals. The complete silicidation process is performed in several steps. The metal layer(s) is first
deposited onto the transistor. The metal suicide is formed 12 and then annealed under high
temperatures usually in either a furnace or a rapid thermal process chamber. Non-reacted metals are
then subsequently etched off the transistor and surrounding areas using a wet etch chemistry leaving
only the metalsilicided layers.: The volume shrinkage of the metal (or composite metal layers), before
silicidation and after anneal, will be at leastlO % to provide an intrinsic stress of the formed and
annealed silicided layers in.the source and drain regions (not shown) to be greater than ZOO dynes
per square centimeter. The thermal expansion mismatch between the source and drain substrate
regions and the source and drain metal 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

metal(s), théRA&NeR amasel W%Mt@mﬁga@@wﬁﬁéﬂﬁaﬁ phavaflaregco e, Tepidired

levels for e tra sistoy,ld perform he tr srs .as |IIus nFr D shows
the contactng%q stor? aay%g‘r‘;tsf%gg ?io%((lepo“slr e&tg Stﬁ%e ﬁ&%?cﬁnj eﬁd % e pattern.
masking andieiehingi abienaXar e GHEHE GRRIAcH rr%tmrar@ﬁ% @%u%&ﬁ;ﬁ%chem'ca'

vapor deposition process The layer has its intrinsic stress modified to impose a st at influences
a net strain Bieirbsilie ddgj@ms For example as with the methodology used for the previously

discussed

A The volume shrmkage of the metal (or composzte metal layers) before
silicidation arid after anneal, will be at least10% to promde an intrinsic stress of
the formed and annealed silicided layers in the source and drain regions (not |

‘ shown) to be greater- than 2,058 dynes per square centimeter. The thermal .
expanswn mismatch between the source and drain substrate regmns and the
source and drain metal silicided regions will be greater than 0.5% after the
silicide anneal oPeraﬁorL By using a proceés that provides the desired intrinsic
stress of the deposzted metal(s) the level of tensile strain applied to the gate
channel can be modulated to the reqmred Ievels for enharicement of f:he

transistor Id performance f

The transistor .a_s illustrated in Fig. 7D shows the contact etch stop layer
‘ (CES) 710 depositgd on top of the entire transistor just prior to the ?attem. |
masking and etehing of the 1ayer to create contact opexﬁnés “The layer is crea’éed
by using a chemical vapor aeposmoﬁ process. The CE5 xayer has is znnmsic
| stress modlhed toi impose a stress that influences a net strain on the active region.
Eor example, as with the methodology used for the previously discussed
‘embodiments of this disclosure, fhe stress in the 7 direction caused by this CES
layer could be modolated_to change the riet strain applied to the transistor’s
active region and gate channel. Adjuotment to the layer's depoéi_tion prooess to

mochfy intrinsic stress and/or the use of added operations, such as Germanium .
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embodiments of this disclosure, the stress in the z direction caused by this CES layer could be
modulated to change the net strain applied to the transistor's active region and gate channel.
Adjustment to the layer's deposition process to modify intrinsic stress.and/or the use of added
operations, such as Germanium 13 ion implantation, to modify the layer's intrinsic strain in the vertical
z direction that could be used to modulate the net strain upon the transistors' active regions. The
spacers and the CES layer modulate, to different degrees, the strain in a vertical direction
perpendicular to the x-y plane, which can be referred to as a net vertical strain. The combination of
the vertical and planar net strains is the overall net strain, which ultimately impacts on the drive
current. It is understood that the net strain modulation for the transistors may be accomplished with a
selective design methodology for the strain-inducing processes. Through specification and change to
the intrinsic swess lplveintiberaindifiy phedesses thetunulative gffeats oftbel madulated) strain
modifications may be tailored to achieve the desired magnitudes of strain change in the desired

various direiBharau b6 Berdisameorigatie tharmet atrand tepeisthsf eansisted tratisistorgpenformance.

Fig. 8 illustrates a sample material showing an atomic structure 800 of the active region for making a

semiconductor devicqm%%%e@_%%/ﬂgﬁ%ﬁg {8 3 mg{etq%n dgﬁgéa%llla% the stress as described

rrent. S as
above by using various anisms, the stress can 0e8 aiSo contronetr Witip the*attivé' fabion by

controlling the atemnitcdistaneesindiffealdiReionsel ks WARESWRHEH: be roforred to as
a net vertical strain. The combination of the vertical and planar net strains is the
overall net strain, which ultimately impacts on the drive current. It is
understood that the net strain modulation for the transistors may be
accomplished with a selective desigh methodology for the strain-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’nagmtudes 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 regioln for making a semiconductor device with an improved drive
current. Other than controlling the stress as described above by using various
mechanisms, the stress can be also controlled within the active region by
controlling the atomic distances in different directioris. 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
improved drive current has its atoms in the active region having a larger atomic

distance in the direction parallel to the width of the active region 804 than that in
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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 improved drive current has its atoms in the active region having a larger atomic distance in the
direction parallel to the width of the active region 804 than that in 14 the direction parallel to the length
of the active region 806 or parallel to the carrier flow. On the contrary, an N type semiconductor
device is preferred to have atoms in the. active region have a larger atomic distance in the direction
parallel to the carrier flow or the length of the active region than that in the direction perpendicular to
the carrier flow or- paraIIeI to the width of the active region. There may be various ways to determine

the atomic dis or example, the atomic distance may be determined by sampling a number of
lattice images ﬁ' ﬁﬁ%ﬂlﬁﬁ% tprﬂﬁ‘%bmgﬁl Bfdtteanit hticegionpe®oihratgdicimeasyrements of

dlsclosure may be practiced upon any field- effect

diffraction pat@grgfe sof t rese

transistor, which'is fa rlcate upon T4 ﬁﬁf%rééeﬁﬁﬁé@f@geedé@osned or
grown stress-taducingrilns arnlias o, OH%S(JEtQ |t |s seen from.the above that the
device structure and the methods for making same%‘g’g S Eﬁﬂsecfé)’fﬁf:@%bwde viable

solutions to tREpHaBlémEhetampeoviny cartier mgtﬂ{bﬁﬂﬂecﬁ&ﬁfe%ﬂﬁ%{@aﬁ that in the
direction perpendzcuia,r to the carrier flow or parallel to the width of the active
region. There may be various ways to determine the atomic distance. For
example, the atomic distance may be determined by sampling a number of lathce
| nnages ina l'ugh resolutton Transparent Llectronic M1croscope or through ‘

measurements of diffraction patterns,

- The examples of the present disclosure may be practiced upon anﬁrtfieldf—
" effect tra:nsmtor, which is fabricated 1 upon a semlconductor substrate with
processes that use dep031ted or grown stress-inducing films apphed to the

transistors.

Accordingly, it is seen from the above that the device structure and the
methods for makmg same according to the present disclosure provide viable -
solutions to the problems of improving carrier mobility and drive current (1d) of
CMOS devices, and even simultaneously for both NMOS and PMOS type
transistors inCMQS circuits. It is also noted that the present disclosure provides
asolution for the further shrinkage of FET sizes and densities that are

- manufactured usmg conventional process methodologles It is also seen that the
present dlsclosure provides simplified methods for the modification of the net
meehamcal stress and strain induced by the shape and property of the

transistors’ shallow trench structures, spacer layer, silicided layers and CES
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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 manufactured using conventional process methodologies. It is also seen
that the present disclosure provides simplified methods for the modification of the net mechanical
stress and strain induced by the shape and property of the transistors' shallow trench structures,
spacer layer, silicided layers and CES 15 layers upon the gate channel. Devices manufactured in
accordance with the present disclosure are easily incorporated in currently existing systems. The
above disclosure provides many different embodiments, or examples, for implementing different
features of the invention. Specific examples of components, and processes are described to help

clarify the invepsian., re.of course, merely examples and are not intended tg limit the invention
from that desc i?ﬁd%ﬁé@%@gﬁﬁﬁeﬂ%ﬁoﬁ Iépg 5& r‘p@?ﬁ‘c?ﬁ%?l §H8%v‘ﬁigmmﬁescribed with
reference to mwﬂ@?ﬁ(ﬂogﬁﬂé%@ﬂg@{@?{?@ﬁﬁ%ﬁﬁﬁBﬁ%@ﬁ‘?g«deméEI?%SL sjligd in the art that

e made therei eparting 16

various changes in form and detail may n without departing from the spirit and scope of
the invention, as set forth in the following claims. 16 WHAT IS CLAIMED IS: 1.. A method for making

semiconductor device MitrRERVMBIeaaaE euidsstmany different embodiments, or
examples, for implementing different features of the invention. Specific exam ples
of components, and processes are described to help clarify the invention. These
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 an& described with
reference to the preferred embodiment thereof, it will be ﬁnderstood by those
skilled in the art that various changes in forin 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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the semiconductor device having source and drain regions built on an active region, a length of the
active region being different than a width thereof, comprising: fabricating one or more isolation regions
filled with an isolation material surrounding the active region; annealing the isolation region thereby
shrinking the isolation region by at least 0.5% volume , and compressing the isolation material
wherein a Stress £2Y4 §?w?ft mpression of the isolation material in the direction of the length of
the active region is erent from hat caused by the compression of 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 clain 1 wiéRSHMARBIELTF FTARTUSR S MR REBTSHOH S SBREWith a
porous isolatibf s¢ateerdugtor Hevise thivdnss lufae 2nd el RO orBUE I8 HRBBHVEERBEE! B Ge based.
4. The methdengflcldithelaviharedgithelisolatidienaatéhial isvdépotitedobycamginsmizal vapor deposition
with a TEOS basedfsigtitegnmater i noré e aetheegtdaldimed wittreinidblatisalatinerialaterial has an
intrinsic tengﬁ@{[ﬁﬁgéjﬁﬁtggﬁ% gegg,g .dynes per square centimeter. 6. The method of claim 1 further

comprising: formln%@@ Fso% 1%%% ger?#g %I%@Q%M%%H%g ||| tsql layer over

the source 8r5(;jra|n reﬁ]on orm a s aim 6 wherei e has an
ain

oL eI 18%%% 50% %Fé?ﬁ%‘é‘w% R S s o

intrinsic stress Iarger
volume shnﬁ%@éefé@é? { ﬁSi)é’Q%OH materlal in the direction of the length of the active region 1s

different from that caused by the compression of 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 deposited by a
chemical vapor deposition with a TEOS based source material.

3. The method of claim 1 wherein the tsolation 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 form a silicide.

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

g The method of claim 6 wherein the silicide has a volume shrinkage larger
than 10%.
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17 9. The method of claim 6 wherein a thermal expansion mismatch between the source or drain
region and the silicide is larger than 0.5%: after being cooled down from annealing. 10. The method of
claim 1 further comprising: forming a gate electrode over the active region; and forming at least one
dielectric spacer adjacent to the gate electrode, wherein the dielectric spacer has an intrinsic stress
larger than 1.2E8 d¥ne/crife inkthiidderfinddhod efelaimal therihel copapiising foakingeareenthet etch stop
layer over thewdle\dearuihesgimthelcantaetietch BiQpriavaroes itginthnsicsbrasdbvadified to impose a
stress that ipflenges a net strain on the active region. 12. The method of claim | wherein the isolation
regions has at least 8% volume shrinkage after the annealing. 13. Themethodofclaim I,wherein the

annealing causes %Pms %%hee%ﬁ}jé(% frg%lonlt(%urfeﬁe\fec a diltfseéler]t atomic distance in the direction
parallel to the length of the active region than in the &reopﬁongparallel to the width of the active region.

14. The method of Q&R 3 2R SIRAR W NEL 188 361515 K4k ¥hniconductor device and wherein the
annealing causes HEmagiattsashetvdipdasiol toacavedintaryée Bromie cistasée in the direction parallel
to Hie length of thevhetire theglmbetvan tiwtirhsh erdinadtion speraliettotthe WRTR dfttengctive region. 18
HIGH PERFORMANCE SEMICONDUCTOR DEVICES FABRICATED WITH STRAIN-INDUCED

PROCESSES AN METHQRaiidd B! M@iﬂm%%%mpﬁsing 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 least 8% volume
shrinkage after the annealing.

13, The method of claim 1, wherein the annealing causes atoms in the active region to
have a different atomic distance in the direction paralle] to the length of the active region than in
the direction parallel to the width of the active region.

14. The method of claim 13, wherein the device is an N type semiconductor
device and wherein the annealing causes atoms in the active region to have a larger atomic
distance in the direction parallel to Hie length of the active region than that in the direction
parallel to the width of the active region.
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ABSTRACT A high performance semiconductor device and the method for making same is disclosed
with an improved drive current. The semiconductor device has source and drain regions built on an
active region, a length of the device being different than a width thereof. One or more isolation regions

are fabricated surrounding the active region, the isolation regions are then filled with 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 elecitétd] THEH QRPN CE T MOPpEN IaYEC BRRTAHHE Y EAEHR D ISEDREEbation
regions, spaéarE AdtN-CbilAsT Ele P IRGET ESBED UeD MEETKHTY @F@@M@N@SSAMEM active
region so as to improve the drive current.' (FIG. 1) ‘

ABSTRACT

- Ahigh performance semiconductor device and the method for making
same is disclosed with an irnproﬁfed dri?e current. The semiconductor device
has source and drain regions built on an active region, a length of the device
being different than a width thereof. One or more isolationregions are
fabncated surrounding the active region, the isolation regions are then filled Wlth
an pzedetermmed 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 etci;;
stopper layer is put over the device, wherein the isolation regions, spacets and .
contact etch layer contribute to modulating a net strain 'u:npéséd on the active

region so as to improve the drive current.

(FIG. 1)
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