BALANCING NFET AND PI-ET PERFORMANCE USING STRAINING
LAYERS BACKGROUND OF THE INVENTION Field of the Invention
[0001] The embodiments presented herein generally relate to integrated
circuit structures and more particularly relate to methods and structures that

utilize n@ygl ArESENTIAUIEEN A\ RPEPFRYS HIGNS A PEND ESOR RN CNSAfFREIRIBEG
Art [0002] As integrated circuit structures such as transistors evolve, it

has been discovered that placing ghysieR strain (compression or tensile
stress) upon the channel region of field effect transistors (1-ET5) can improve
the performance of some types of transistors. Such stress producing or
straining layers generally change their size as they cool, which produces the

physical strain on the r@${SkalROUND OF THE INVENTION

Field of the Invention

[0001] The embodiments presented herein generally relate to integrated circuit
structures and more particularly relate to methods and structures that utilize novel stress-

producing layers over transistors.

Description of Related Art

[0002] As integrated circuit structures such as transistors evolve, it has been
discovered that placing physical strain (compression or tensile stress) upon the channel
region of field effect transistors (FETs) can improve the performance of some types of
transistors. Such stress producing or straining layers generally change their size as they
cool, which produces the physical strain on the transistors.

[0003] Further advances in transistor technologies have developed dual stress
liner applications where one type of transistor is covered where one type of strain
producing layer and a complimentary type of transistor is covered with a different type of
straining layer. For complete discussion of such dual stress liner features, see U.S. Patent
7,525,162, incorporated herein by reference.
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[0003] Further advances in transistor technologies have developed dual
stress liner applications where one type of transistor is covered where one
type of strain producing layer and a complimentary type of transistor is
covered with a different type of straining layer. For complete discussion of
such dual stress liner features, see U.S. Patent 7,525,162, incorporated
herein by reference. BRIEF SUMMARY OF THE INVENTION [0004]
Various method and siraturesennpadirre s araEiptioss heysin. One
embodiment comprises an integrated circuit structure that includes a
substrate and at least one pair of complementary transistors on or in the
substrate. The pair of complementary transistors comprises a first transistor

and 3P vhtisisislholing Shivetuir: alee oGRS AdisicsikeIseRiad kg
layer on the first transistor and the second transistor, and a second

enSHRESTMOEbIGING AT AR thadi Shsurssrirade angilayelevestbaditstand at least
transistor and the second transistor. The first stress-producing layer applies

ori&psitestanpiensenamiiheiistdranaisian ane dite eeoth pasiskforhPRmentary
second stress-producing layer applies compressive strain force on the first

trERSSrPEOaiHEIng: layest thadiksbtrasisieroade 1he $eC OBt kanstsieralso includes
[0005] Another embodiment comprises an integrated circuit structure that

a flislydessprothstiiaieyetot teastanapastaf conapestentbnalkansistis O5eeénd
in the substrate. The pair of complementary transistors comprises a first

stiganpiskicandl ayse6anbetransisieys-phristibglaie Bdse i iedUle s teafisstor and the
stress-producing layer on both the first transistor and the second transistor,

seangiaraagiond. Sthessrpraciscipeplayen onbe dpisliaitessipraciicingdayartoy st
both the first transistor and the second transistor. The first stress-producing

trdayieroappliesd easialsteaisidiorceTne ibeofitstikapgistanang tgsesolis
transistor. The second stress-producing layer applies compressive strain

colafgeseivdhe firstaesa-produtingelayerodneifigdt ikandistiirsengh theoseoad the

transistor. The first stress-producing layer and the second stress-producing
setaydrieanibeof different thicknesses, and the difference in thickness

between the first stress-producing layer and the second stress-producing

layer[aliess padoienantedihibet itshpidesiaioinangdie secoindtitansistant
includes a substrate and at least one pair of complementary transistors on or in the
substrate. The pair of complementary transistors comprises a first transistor and a second
transistor. The structure also includes a first stress-producing layer on both the first
transistor and the second transistor, and a second stress-producing layer on the first
stress-producing layer over both the first transistor and the second transistor. The first
stress-producing layer applies tensile strain force on the first transistor and the second
transistor. The second stress-producing layer applies compressive strain force on the first

stress-producing layer, the first transistor, and the second transistor. The first stress-

producing layer and the second stress-producing layer can be of different thicknesses, and
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[0006] One exemplary method embodiment of manufacturing an integrated
circuit structure forms at least one pair of complementary transistors on or in
a wafer. The pair of complementary transistors comprise a first transistor and
a second transistor. The method forms a first stress-producing layer on both

théhaiaddeansigiRkabd Rieweeond FARSIRIN-pFoulinst $ikRP R AElICIBENRYRESS-

applies tensile strain force on the first transistor and the second transistor.

profe-MeIngs alaaSuIs tharcODERL B REPdIENAlaYRE rdha fitslsistor.
stress-producing layer over the first transistor and the second transistor. The

secoghel PR EREHGRGY RYEh P BHES ERIRAIRTS VA SLhdiBrfascm oRrdbenfist
stress-producing layer, the first transistor, and the second transistor.

citOQ0 dr-tviaib esraxempiayonepant e svhgslinent o7 manastusingran a wafer.

integrated circuit structure forms at least one pair of complementary

THEGRSISSO D P Ieméhtavyafensibhespaimplise mBpleMemanol ansistets fO ISR R,
first transistor and a second transistor. The method forms a first

T RsSpIdaHeiNg fiayedtRRsbsibuthentirslydansisten ardithe sacendrisansisEabeond
The first stress-producing layer applies tensile strain force on the first

trdhenRsistoTiaNdithetfecqirddiiensistger bpplivethod alsaie fisconate st
stress-producing layer on the first stress-producing layer over the first

trdRenRSstaidmd tbeosaaanditiansisiomdihedsacomoraisessaiad veing-favancing
applies compressive strain force on the first stress-producing layer, the first

layensister fianditess geoanc insistoreA miferanemiktbickiiass balvvriiRatiiestor.
first stress-producing layer and the second stress-producing layer alter the

Theséoombnees obibadiisktransiaiplienddhesesiondittansister orBRIEH st stress-
DESCRIPTION OF THE DRAWINGS [0008] Figure 1 is a schematic

protesingastiond cfagranmekan, intdghates eiduifisiisocture according to
embodiments herein; [0009] Figure 2 is a schematic cross-sectional
diagrepn0of aminteguiadtiuihsiivdtetit adceocding toaanthadiingris ineseimed
[0010] Figure 3 is a schematic cross-sectional diagram of an integrated circuit
cigfiitciutne tacctudingitdeasnbadipagnit Joaigisi@nchry transistors on or in a wafer.
The pair of complementary transistors comprise a first transistor and a second transistor.
The method forms a first stress-producing layer on both the first transistor and the second
transistor. The first stress-producing layer applies tensile strain force on the first
transistor and the second transistor. The method also forms a second stress-producing
layer on the first stress-producing layer over the first transistor and the second transistor.
The second stress-producing layer applies compressive strain force on the first stress-
producing layer, the first transistor, and the second transistor. A difference in thickness

between the first stress-producing layer and the second stress-producing layer alter the

performance of the first transistor and the second transistor.



[0011] Figure 4 is a flow diagram illustrating one exemplary method
embodiment herein. DETAILED DESCRIPTION OF THE INVENTION

[0012] As mentioned above, many new forms of strain producing liners (such
as dual stress liners) are being utilized with modern integrated circuit devices.

However, for low povs @pPigsOR & ARNSR SHINER AWwateagate induced
drain leakage (GIDL) problems in the channel interface regions of the

transistors. In view of these issues, the embodiments herein utilizes different
straining layers that do not produce problems that conventional straining

layergopoeduseure 1 [9Q13hdvornespesificativnang exxampieafifii€srated circuit

embodiments herein is shown in Figures 1-3. In Figures 1-3 illustrate the

stigrmatinrGtaly tegiaéathineyHesbieture that includes a substrate 100. The
substrate 100 includes different regions including negative- type (N-type)

field effaet trapsistoid NE&beE @Rssd- 0ecanshpasitivertypard Rrtype)dieddcuit
effect transistor (PFET) regions 104.
structure according to embodiments herein;
[0010] Figure 3 is a schematic cross-sectional diagram of an integrated circuit
structure according to embodiments herein; and

[0011] Figure 4 is a flow diagram illustrating one exemplary method embodiment

herein.

DETAILED DESCRIPTION OF THE INVENTION

[0012] As mentioned above, many new forms of strain producing liners (such as
dual stress liners) are being utilized with modern integrated circuit devices. However, for
low power applications, dual stress liners create gate induced drain leakage (GIDL)
problems in the channel interface regions of the transistors. In view of these issues, the
embodiments herein utilizes different straining layers that do not produce problems that
conventional straining layers produce.

[0013] More specifically, one example of the embodiments herein is shown in
Figures 1-3. In Figures 1-3 illustrate the formation of an integrated circuit structure that

includes a substrate 100. The substrate 100 includes different regions including negative-



[0014] This embodiment includes at least one pair of complementary metal
oxide (CMOS) transistors on or in the substrate 100. The pair of
complementary transistors comprises a first transistor 106 and a second
transistor 108. The first transistor 106 in this example comprises a

typeaRitygelyneldN ivPe) RSN BRTRE RAGOND HADPIKRIVEASFOPRYISSSR1d

positive-type (P-type) transistor. [0015] Generally, such transistor

efflEH el as & erPRMeEk B flepmsiting or implanting impurities into a substrate
100 to form at least one semiconductor channel region 116, 126 bordered

(sepaoated) By shalewitiencihdiaiatian edions g JTlony iR bRREY SitaeRide

of the substrate 100, as shown in Figure 1. The second transistor 108

(AP igLssASHCON GaMB v chanie). 126 ydieftbentivti@nsistatnsistors
comprises a silicon channel free of germanium 116. [0016] The substrate

cobflticanCRRRFiERisNY Naten@happsap ke iabthogivER PuEpasas(belnsrin
now known or developed in the future) and can comprise, for example, Si,

thiSi€xahifie cSitpeicesGt dtayss-pAaNBE) Trafsiqtiemt|the edbid canpesnds
semiconductors, or organic semiconductor structures etc. The impurities can
coBTREISE peumyvRegpH\(B-type) ifrpuiityr(N-type impurity, e.g., phosphorus (P),
arsenic (As), antimony (Sb) etc.) or any positive-type impurity (P-type
impuriyi 8} gGchorany, inedihmasithr Ehadiferant ehanacyeriansihbtrl 26 are
doped differently depending upon whether the transistor will be a
infpositivig-ytaeiatiés hegativebitac: traosistornf\a idustiaie deinibigdie dr thannel
transistors 106, 108 are complimentary to each other and are therefore
re@OROSItE typebpalafiy Wansistansby sha[RWLikddie iviplaitaticionrode$sasy the
mentioned herein can take any appropriate form (whether now known or
uppevelened oT the Jutstia)car@ cansaomipiis€idoreekalid8ciond mipani@iidangetc.
Also see U.S. Patent 6,815,317 (incorporated herein by reference) for a full
cothipelessirilaf implamtatiom iachnieues, Shalbohetraschdsakadiotofdri}es a silicon
structures are well-known to those ordinarily skilled in the art and are
chgendratly tdrseaddayupatteésning openings within the substrate and growing or
filling the openings with a highly insulating material. [0018] The method
forms$Go peita ikelebiratd 180 a8 crmipese ppgmsatdaakeapbibprisbdsorate: 20&n
over the semiconductor channel region 116, 126 and patterns a gate
puepoduGtbethtd ndrkoovthe gatediglatinchk1iBi 2 Banderaih eosgpriicoioluetample,
channel region 116, 126 as shown in Figure 1. The dielectrics (insulators)
Sinkaticineed Sate, canaliioy ex@miplelne graRofrem Bitier Aldvif cxygennd
ambient or steam and then patterned. Alternatively, the dielectrics herein may
seheciardeetbfspor arpuat thenicanyucandigateuhiglotdi et iin panstarchihtghyidgises
materials, including but not limited to silicon nitride, silicon oxynitride, a gate
andfi ateciivestgekiofphid®’ &N i3 Mdpaitg, raetapbxspasriikeRantakmie 0xide. The
thickness of dielectrics herein may vary contingent upon the required device
anpiertoryr8bgetc.) o@0F PpAis shown impugityd P-fype ipgieragnelgctborbhQjitzOm,
has sidewalls. The conductors mentioned herein can be formed of any
etcondbetdifferatectainstloke@snpdly6ryiabinael spmbdi {frotysilicpendmgnoious
silicon, a combination of amorphous silicon and polysilicon, and
wipahesilibo n-ageistaniuihbeenasicdecopdustivedgytihe (yesencesofra duiidokerated
dopant. Alternatively, the conductors herein may be one or more metals,
inughragd tthegsiasistabni0m, 1 tetuenmplolybdenutm ctichnither, ardmokélcorfare
metal silicide,
opposite type polarity transistors.



and may be deposited using physical vapor deposition, chemical vapor
deposition, or any other technique known in the art. [0020] As shown in
Figure 1, the method forms sidewall spacers 112, 122 on the sidewalls of the
gate conductor 110, 120. Sidewall spacers are structures that are well-known

to thgggandinarisished i Hhecast andarsoaenarin farmerin jdappsifingter

growing a conformal insulating layer (such as any of the insulators mentioned

foRRQukaRd HoenkRewarsingvalgpertipn! Rickhindirese esnisOropiathple, ion
etches material from horizontal surfaces at a greater rate than its removes

infpRigHabH R valieaksufscesdnas 8y [Sav e bpbtatéathBrele Balaferadbefor a

vertical sidewalls of structures. This material left on the vertical sidewalls is
fulBfedcackionast sisls@teRPeRhiques 08RA d4sinentine Siteval SPPGefischikes are

122 as an alignment feature, any of the impurities mentioned above are

wéMRignteck ot e slihsTiFtekia danm theasoiHearsidbin regiass Byl fatedfing

Again, the different transistors 106, 108 will utilizes different polarity dopants

opRanReRAINGMRES dtsspalatiid o thadrnsiBlalfaidbpsomscevandc dighhyagidntng
[0022] The exposed portions of the silicon are then silicided by depositing a

mietal. (such as, tungsten, hafnium, tantalum, molybdenum, titanium, nickel,
etc.) and then heating the structure in a thermal annealing process. This

prodyoesssilitid st drsauicernt dEaindegnnNaeod silicigps eorfhe: gtde
conductors 110, 120. [0023] Thus, the standard CMOS transistor

subbiuakI 109 shemhdRdm@gtidlc e RIRMSR]at ifast 06el s tninm fietaseffeat
transistor 106 and at least one second-type field effect transistor 108. The

cohicictypa f&ld@iacticansisiandO6 anmking secenthdypafiiwitdatiestdiansisiegion
108 each comprise source and drain regions 114, 124, a channel region

1 lsetMi6eRn theveouide aine drainer@@ieogitd Gindwicsyatentiondd diereinl€hnl 26¢
adjacent the channel region 116, 126, a gate insulator 118, 128 between the

exahgnadie ggiorn Tidm ka6 anditfe gatencanbiepiosr kidhnl 204 ainh paiieidd.layer
on the gate conductor and the source and drain regions

Alternatively, the dielectrics herein may be formed from any of the many candidate high

dielectric constant (high-k) materials, including but not limited to silicon nitride, silicon

oxynitride, a gate dielectric stack of SiO2 and Si3N4, and metal oxides like tantalum

oxide. The thickness of dielectrics herein may vary contingent upon the required device

performance.

[0019] As shown in Figure 1, the gate conductor 110, 120 has sidewalls. The
conductors mentioned herein can be formed of any conductive material, such as
polycrystalline silicon (polysilicon), amorphous silicon, a combination of amorphous
silicon and polysilicon, and polysilicon-germanium, rendered conductive by the presence

of a suitable dopant. Alternatively, the conductors herein may be one or more metals,

such as tungsten, hafnium, tantalum, molybdenum, titanium, or nickel, or a metal silicide,
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[0024] While only one of each type of transistor is illustrated in Figure 1,
those ordinarily skilled in the art would understand that many of each type of
transistor could be formed on the substrate 100 and the drawings are
intended to show multiple ones of each of the different types of transistors;

anQOWRVEE i siavings: hyeibaan i fiastionoal SRAMAIPALD SAASHS IO any

of each type for clarity and to allow the reader to more easily recognize the

othéfesemntifpRturew llustataet. This is not intended to limit the invention
because, as would be understood by those ordinarily skilled in the art, the

inveriionds ApRlicakIent@istikciuigs thahiclveasriew o ep&detyPe0f 22 on the
transistor. [0025] As shown in Figure 2, a first stressing layer 200 is

sidewnrd cvae higesivadii@antcured SMbeAIthe RERSSIOgrHayRI k08 £ Wie Sy HS-
size changes, which produces either compressive or tensile stress within the

knhanieinegions ikity IRBiWwiingreasataaresiornacr ohiie ¢hrpaaling or
regions 116, 126. The first stressing layer 200 is positioned over both the first

grifansisteoARRANd b SecoRYdranBeN ABBof the[HRERLAHS SRAVMGHIY RigLS and
3, a second stress-producing layer 300 is formed on the first stress-producing

théayesr R ey ardpethi thalfishimnsistesslQaisneopie) SeonchiE ansiIEAALOSH

The first stress-producing layer 200 and the second stress-producing layer

hosD9ampriacefar exampitgenasiiedrongrewmsiltonreaimaniciNsurfaces,
silicon-nitride, silicon-carbon, etc. [0027] The first stress-producing layer

th&@0yapplias: tensitei sy aatergean thadivstticansigtaval R aneutierseCORE
transistor 108. The second stress-producing layer 300 applies compressive

maiEai fercenandherfital stoessdp edrgireetbyeis20@ewhd ipattignsistor 106,
and the second transistor 108.

[0021] Using the sidewall spacers 112, 122 as an alignment feature, any of the
impurities mentioned above are implanted into the substrate to form the source and drain
regions 114, 124. Again, the different transistors 106, 108 will utilizes different polarity
dopants depending upon the polarity of the transistor for the source and drain regions.

[0022] The exposed portions of the silicon are then silicided by depositing a metal
(such as, tungsten, hafnium, tantalum, molybdenum, titanium, nickel, etc.) and then
heating the structure in a thermal annealing process. This produces silicides on the
source and drain regions and silicides on the gate conductors 110, 120.

[0023] Thus, the standard CMOS transistor structures shown in Figure 1,
comprise at least one first-type field effect transistor 106 and at least one second-type
field effect transistor 108. The first-type field effect transistor 106 and the second-type

field effect transistor 108 each comprise source and drain regions 114, 124, a channel

region between the source and drain regions 116, 126, a gate conductor 110, 120 adjacent
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[0028] The first stress-producing layer 200 and the second stress-producing
layer 300 can be of different thicknesses, and the difference in thickness
between the first stress-producing layer 200 and the second stress-producing
layer 300 alters performance of the first transistor 106 and the second

thé&aRsistardd8n 116[Q02%h The SEueie 19180 WIRI Belrkeie et GRS @Sfon 116,
complementary transistor structure that utilizes a dual straining layer.

12dan@uer giathenthaforsing dfetpatstiatiinaldayess awesihecdiffRi@bt and the
transistors, the embodiments herein use the same straining layers over the

sotlifereiat dramsistbns By doing so, straining layers do not have to be removed
from one of the transistors (as is done conventionally with dual straining
layerg)omag thaimanufasikione.prasesistifisy simplifietandrhenseldisse
increased. [0030] The foregoing embodiments are also illustrated in

ortimaahaskinemiintrdgit &véuMoirISREEIHGBHY ninfigEEa ¢ 3R BrAERSESIRG could
shown in Figures 1-3 begins in item 400 where the transistors are formed in

bedogfdhersthesiiait: e tomaAZhdhigemodinpntdasmsotiielirsiultiple ones of
stress-producing layer; and in item 404, the second stress-producing layer is

caf@rotate diff¢eae 1y JhereieisiiheprsenteenRoginagnts aveseesifplified to
problems of conventional structures by utilizing straining layers that improve

oriiapexfarmanee - aldrassistessiniipe thcautygadte iNbucat dadeleakage
problems. [0032] The resulting integrated circuit chip can be distributed

eabiytine:bpiicatior mfrasnvaigaufermi(tialkdd, acha singleiwahdednatihas meltiple
unpackaged chips), as a bare die, or in a packaged form. In the latter case

inthattiipis mauateddola singlacehitbpackagse (ot aklrstic Casrier, thith
leads that are affixed to a motherboard or other higher level carrier) or in a

inveutiiehip gatkase (suchiasie caramiclcasrieithal bashaitpeoorhathsurface
interconnections or buried interconnections). In any case the chip is then
integrat2d with shihern ahifigueistreteraistidt ehiemaris GG 6sratbe b $ig nied
processing devices as part of either (a) an intermediate product, such as a

stiinatherhoarokedr (B)han diad peadugtiayhie2o0dypesditcktrrchen ey piacuptddates
includes integrated circuit chips, ranging from toys and other low-end

cithppboatjpasivcadamdtdsaesspuitdinpiadeictsiehviaip asdisplap.ca tsaybeard tic
other input device, and a central processor.

performance of the channel regions 116, 126. The first stressing layer 200 is positioned

over both the first transistor 106 and the second transistor 108.

[0026] As shown in Figure 3, a second stress-producing layer 300 is formed on
the first stress-producing layer 200 (over both the first transistor 106 and the second
transistor 108). The first stress-producing layer 200 and the second stress-producing
layer 300 comprise, for example, deposited or grown silicon-germanium, silicon-nitride,
silicon-carbon, etc.

[0027] The first stress-producing layer 200 applies tensile strain force on the first

transistor 106 and the second transistor 108. The second stress-producing layer 300
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[0033] It should be understood that the corresponding structures, materials,

acts, and equivalents of all means or step plus function elements in the

claims below are intended to include any structure, material, or act for

performing the function in combination with other claimed elements as
appiesificalyclainedaindeitiona e itishauek e rdndarstodtn@OthRe first transistor

above-description of the present invention has been presented for purposes

10ef Hiustratigacyaddaseriptiary, but is not intended to be exhaustive or limited
to the invention in the form disclosed. Many modifications and variations will

be apparentiteetheseeferpioaiyiskilhifeto@Mwithost-daparking-foauties layer
scope and spirit of the invention. The embodiments were chosen and

30dese ihedfini gedertthRest axplawithe arinaipies @f theknventionandHbeirst
practical application, and to enable others of ordinary skill in the art to

stieBElprstRIdch R yBr 20t an dehy seiong emboginanis Wi araioud o giicatinnsce
as are suited to the particular use contemplated. Well-known components

ofaRd IRCLRSSIRGIACNIgU e aiitietkindhe @hove-description so as to not
unnecessarily obscure the embodiments of the invention. [0034] Finally,

it shqolkalstHee windlarstgravthat HiautersnioalpgyeysasdpiBfentary transistor

above-description is for the purpose of describing particular embodiments

sti@atyranBaisufitkiite ddeDstenienlinileg didheveveaation tner @xampiEsRstused
herein, the singular forms "a", "an" and "the" are intended to include the plural

stifgfing &y vrelbvenigssitirereantexs pivas] yHadigdtebmeae nisenfetiervaaie, as
used herein, the terms "comprises”, "comprising,” and/or "incorporating"

stivingipusesdn tbisispadikicatiarmspecity B¢ gsagensswiisiated featdoasot have to
integers, steps, operations, elements, and/or components, but do not
bepeantiidd thenpoaseiickearaciition @t anéoat nere:otvanligatureduintagarsng

steps, operations, elements, components, and/or groups thereof. CLAIMS 1.
layunsinded tatesh siduit st preasmytisiaby disipdsieatand the yield is increased.

[0030] The foregoing embodiments are also illustrated in flowchart form in
Figure 4. More specifically, in Figure 4, the processing shown in Figures 1-3 begins in
item 400 where the transistors are formed in or on the substrate. In item 402, this
embodiment forms the first stress-producing layer; and in item 404, the second stress-
producing layer is formed.

[0031] Therefore, the present embodiments overcome the problems of
conventional structures by utilizing straining layers that improve the performance of
transistors without causing gate induced drain leakage problems.

[0032] The resulting integrated circuit chip can be distributed by the fabricator in

raw wafer form (that is, as a single wafer that has multiple unpackaged chips), as a bare

die, or in a packaged form. In the latter case the chip is mounted in a single chip package
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at least one pair of complementary transistors one of on and in said
substrate, said pair of complementary transistors comprising a first transistor
and a second transistor; a first stress-producing layer on said first transistor
and said second transistor; and a second stress-producing layer on said first

(sSSP RAHEING RYOK RN GE 2R thiif Sk dramisiolo AN SiBidRREQ0E SEARSISEM6r
said first stress-producing layer applying tensile strain force on said first

le VeARAISION dNEnSRIFIEERIPDHHARSISIQNCAR a cerdRitt IRACARISIISS-CIEABLSH M th
layer applying compressive strain force on said first stress-producing layer,

subaiek fifsé i ansictin ABEbsRIEISAEGDEhBR SR Inankhe i te@reiad Cigsit

structure according to claim 1, said pair of complementary transistors
inGQMRESIRghCR IR emeNtaLy e al axidgc(hdW Sh TR SIFHE Signal processing
devices as part of either (a) an intermediate product, such as a motherboard, or (b) an end
product. The end product can be any product that includes integrated circuit chips,
ranging from toys and other low-end applications to advanced computer products having
a display, a keyboard or other input device, and a central processor.

[0033] It should be understood that the corresponding structures, materials, acts,
and equivalents of all means or step plus function elements in the claims below are
intended to include any structure, material, or act for performing the function in
combination with other claimed elements as specifically claimed. Additionally, it should
be understood that the above-description of the present invention has been presented for
purposes of illustration and description, but is not intended to be exhaustive or limited to
the invention in the form disclosed. Many modifications and variations will be apparent
to those of ordinary skill in the art without departing from the scope and spirit of the
invention. The embodiments were chosen and described in order to best explain the
principles of the invention and the practical application, and to enable others of ordinary
skill in the art to understand the invention for various embodiments with various
modifications as are suited to the particular use contemplated. Well-known components

and processing techniques are omitted in the above-description so as to not unnecessarily

obscure the embodiments of the invention.
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3. The integrated circuit structure according to claim 1, said first transistor
comprising a negative-type (N-type) transistor and said second transistor
comprising a positive-type (P-type) transistor. 4. The integrated circuit

structure according to claim 3, said second transistor comprising a silicon

germgynisum changel:anduiais f setiaasistos S ampimsingaialieen ehannahiree
of germanium. 5. The integrated circuit structure according to claim 1, said

abfbhet BHRSHIFAY ENGHAYRIRRE SRk etaNd HiFESSHROAEINEEAYESNIy and is not

comprising at least one of silicon-germanium, silicon-nitride, and
in&ilieeM 6o Amittho VT tRtSARMATHEIrGWE SHARPIEC LA IR L 2B bSiEale; ffrms

least one pair of complementary transistors one of on and in said substrate,
"aSaldn" and "the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. Furthermore, as used herein, the terms "comprises",
"comprising," and/or “incorporating” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but

do not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.
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pair of complementary transistors comprising a first transistor and a second
transistor; a first stress-producing layer on said first transistor and said
second transistor; and a second stress-producing layer on said first
stress-producing layer over said first transistor and said second transistor,
CBAIRMESt stress-producing layer applying tensile strain force on said first
transistor and said second transistor, said second stress-producing layer

1.applyAigicRBIRIessiva atiaincfaree psaig dirst stress-producing layer, said
first transistor, and said second transistor, said first stress-producing layer
and saidssaeand stress-producing layer comprising different thicknesses, and
a difference in thickness between said first stress-producing layer and said

secongl sike sapaEuEi Benipyanhalieringperarnancedsaid fiishitaasistataneid
said second transistor.
pair of complementary transistors comprising a first transistor and a second transistor;
a first stress-producing layer on said first transistor and said second transistor; and
a second stress-producing layer on said first stress-producing layer over said first
transistor and said second transistor,
said first stress-producing layer applying tensile strain force on said first transistor
and said second transistor, and

said second stress-producing layer applying compressive strain force on said first

stress-producing layer, said first transistor, and said second transistor.

2. The integrated circuit structure according to claim 1, said pair of complementary

transistors comprising complementary metal oxide (CMOS) transistors.

3. The integrated circuit structure according to claim 1, said first transistor
comprising a negative-type (N-type) transistor and said second transistor comprising a

positive-type (P-type) transistor.

4. The integrated circuit structure according to claim 3, said second transistor
comprising a silicon germanium channel and said first transistor comprising a silicon

channel free of germanium.
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transistors comprising complementary metal oxide (CMOS) transistors. 8.
The integrated circuit structure according to claim 6, said first transistor
comprising a negative-type (N-type) transistor and said second transistor
comprising a positive-type (P-type) transistor. 9. The integrated circuit
structure according to claim 8, said second transistor comprising a silicon
germanium channel and said first transistor comprising a silicon channel free

5.0f gernaniratdd chbgiiRtagiated &trdihstis clbig accaimet aelalp & raiG
first stress-producing layer and said second stress-producing layer

lagaapdising RLlarsiene-pisilicniy s apitiphissilcancalrsie éndlicon-

silicon-carbon. 11. A method of manufacturing an integrated circuit structure,

gesRighethat cAMPriRIOGdind sifRonibgsdeast one pair of complementary
transistors one of on and in a wafer, said pair of complementary transistors

comprising a first transistor and a second transistor; and

6. An integrated circuit structure comprising:

a substrate;

at least one pair of complementary transistors one of on and in said substrate, said
pair of complementary transistors comprising a first transistor and a second transistor;

a first stress-producing layer on said first transistor and said second transistor; and

a second stress-producing layer on said first stress-producing layer over said first
transistor and said second transistor,

said first stress-producing layer applying tensile strain force on said first transistor
and said second transistor,

said second stress-producing layer applying compressive strain force on said first
stress-producing layer, said first transistor, and said second transistor,

said first stress-producing layer and said second stress-producing layer
comprising different thicknesses, and

a difference in thickness between said first stress-producing layer and said second
stress-producing layer altering performance of said first transistor and said second

transistor.

13



forming a first stress-producing layer on said first transistor and said second
transistor, said first stress-producing layer applying tensile strain force on
said first transistor and said second transistor; and forming a second
stress-producing layer on said first stress-producing layer over said first

7.transigien aeg sl SRR TaRsisierordith 36 ¢ONth VI esRH PHALICHIeh Y Blentary
applying compressive strain force on said first stress-producing layer, said

trdHSbi6ANSHPEPE el @i RACAHISH BRSSO dd e BsNeiRgidiacording to
claim 11, said forming of said transistors comprising forming said first
transistor as a negative-type (N-type) transistor and said second transistor as
a positive-type (P-type) transistor. 13. The method according to claim 12,

8.said foening @hedidiftansifi@re coropsiging forming aisiseroncatiansistor to
have a silicon germanium channel and said first transistor to have a silicon
coh@iNiIgt fier QiFermpd ™Mype) transistor and said second transistor comprising a

positive-type (P-type) transistor.

9. The integrated circuit structure according to claim 8, said second transistor
comprising a silicon germanium channel and said first transistor comprising a silicon

channel free of germanium.

10.  The integrated circuit structure according to claim 6, said first stress-producing
layer and said second stress-producing layer comprising at least one of silicon-

germanium, silicon-nitride, and silicon-carbon.

11. A method of manufacturing an integrated circuit structure, said method
comprising:

forming at least one pair of complementary transistors one of on and in a wafer,
said pair of complementary transistors comprising a first transistor and a second
transistor; and

forming a first stress-producing layer on said first transistor and said second
transistor, said first stress-producing layer applying tensile strain force on said first

transistor and said second transistor; and
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14. The method according to claim 12, said forming of said transistors
comprising forming said first transistor to have a silicon germanium channel
and said second transistor to have a gallium arsenide channel. 15. The
method according to claim 11, said forming of said stress-producing layer

compysing Joreinma Jayes plaauleasi one of siigangeraniiucing layer over
silicon-nitride, and silicon-carbon. 16. A method of manufacturing an
salatAgieked etk it iasdu opdi g Mathed GRINISHIDStress-producing layer applying

compressive strain force on said first stress-producing layer, said first transistor, and said

second transistor.

12. The method according to claim 11, said forming of said transistors comprising
forming said first transistor as a negative-type (N-type) transistor and said second

transistor as a positive-type (P-type) transistor.

13.  The method according to claim 12, said forming of said transistors comprising
forming said second transistor to have a silicon germanium channel and said first

transistor to have a silicon channel free of germanium.

14.  The method according to claim 12, said forming of said transistors comprising
forming said first transistor to have a silicon germanium channel and said second

transistor to have a gallium arsenide channel.

15. The method according to claim 11, said forming of said stress-producing layer
comprising forming a layer of at least one of silicon-germanium, silicon-nitride, and

silicon-carbon.

16. A method of manufacturing an integrated circuit structure, said method
comprising:
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forming at least one pair of complementary transistors one of on and in a
wafer, said pair of complementary transistors comprising a first transistor and
a second transistor; and forming a first stress-producing layer on said first
transistor and said second transistor, said first stress-producing layer

applyingniapsitacskiedndyae st saiplfistitansiainiand saicbseaond innsister;
and forming a second stress-producing layer on said first

saRIBHS HIrecplachERY Sy AMels falslshisARRISte Fiandraait @2 eANd Warnsigtor,
said second stress-producing layer applying compressive strain force on said
rdirst@iregatproducing layer, said first transistor, and said second transistor,
a difference in thickness between said first stress-producing layer and said

seconghsliigss radueiigplayRc AltaHpE pariaii@Rea MHssaig hingt dansisiadand
said second transistor. 17. The method according to claim 16, said forming

trafs SiRdl, L AASBLOSre QRO th Forin Qs fir st AkARSIGtOR asrée RRgAY Entpe
(N-type) transistor and said second transistor as a positive-type (P-type)
trdhgnsistard id Ihonaethedsascarding to claim 17, said forming of said

transistors comprising
forming a second stress-producing layer on said first stress-producing layer over
said first transistor and said second transistor, said second stress-producing layer applying
compressive strain force on said first stress-producing layer, said first transistor, and said
second transistor,
a difference in thickness between said first stress-producing layer and said second

stress-producing layer altering performance of said first transistor and said second

transistor.

17. The method according to claim 16, said forming of said transistors comprising
forming said first transistor as a negative-type (N-type) transistor and said second

transistor as a positive-type (P-type) transistor.

18.  The method according to claim 17, said forming of said transistors comprising

forming said second transistor to have a silicon germanium channel and said first

transistor to have a silicon channel free of germanium.
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forming said second transistor to have a silicon germanium channel and said
first transistor to have a silicon channel free of germanium. 19. The method
according to claim 17, said forming of said transistors comprising forming
said first transistor to have a silicon germanium channel and said second

19ransigiemiethay ac @allignbalaanite chranaahirdeofl Hedmeaedorceonshngity
claim 16, said forming of said stress-producing layer comprising forming a
folayiak Qhat fRast Anes@fr siisategeiman WanSiicon- pifkidR] and sillcestaarbon.

transistor to have a gallium arsenide channel.
20. The method according to claim 16, said forming of said stress-producing layer

comprising forming a layer of at least one of silicon-germanium, silicon-nitride, and

silicon-carbon.
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