BALANCI NG NFET AM PFET PERFORMANCE USI NG STRAI NI NG LAYERS BACKGROUND OF
THE | NVENTI ON Field of the Invention 10001] The enbodi nents presented
herein generally relate to integrated circuit structures and nore
particularly relate to nethods and structures that utilize novel
stress-producing | ayers over transistors. Description of Related Art

[0002] As integrated circuit structures such as transistors evolve, it has
been di scovered that placing physical strain (conpression or tensile
stress) upon the channel region of field effect transistors (FETS) can

i nprove the perfO%Tﬂkﬁ%ﬂﬁﬁ$¥ﬁ¥?§ﬁ§¥¥ﬁﬁ¥E§ﬁﬁﬁﬁAﬁbﬁr ﬂgégﬁggﬁkﬁﬁis pr oduci ng

or straining |ayers gener y change their size as i ch
produces the physical strain on theL} i stors. 100031 Furt her
advances in transistor technol ogi es ﬁave devel oped dual stress liner
applications where one type of transistor is covered where one type of
strain producing | ayer aonplinentary type of transistor is covered with a

different type of 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 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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straining | ayer. For conplete discussion of such dual stress liner
features, see U S. Patent 7,525,162, incorporated herein by refere BRIEF
SUVMMARY OF TUE | NVENTI ON 1-0004d Various nmethod and structure

enbodi ments are di scl ose herein. One enbodi nent conprises an integrated
circuit structure that. includes a substrate and at | east one pair of

conpl enentary transistors on or in the substrate. The pair of conplenentary
transi stors conprises a first transistor and a second transistor. The
structure also includes a first stress-producing |ayer on the first

transi stor and the second transistor, and a second stress-producing |ayer
on the first stress-producing |ayer over the first transistor and the
second transistor. The firs [ lies tensile strain
force on the first transist%Rﬁgﬁgﬁﬁﬁguggggn . #ﬁéﬁils or. The second
stress-produci ng | ayer applies conpressive strain force on the first
stress-produci ng | ayer, the first transistor, and the second transistor.
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stress-producin tra i St and, t I sistor.
The first ssFFﬁspg Jﬂ)‘?%éi?éiﬁoé’tpei}‘ SHdThe mggaé’ S rggsgéan%g g%an‘J‘]l ayer can

be of different ren&nmi cknes Bg ween t he
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First tr anstlra?lglsotgr ag(ghetsggona?ransm or. r['lqnsselcgntd {réss -producing layer applies
compressive strain force on the first stress-producing layer, the first transistor, and the
second transistor.

[0005] Another 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 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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[ 00061 One exenplary method enbodi nent of manufacturing an integrated
circuit stricture forns at |east one pair of conplenentary transistors on
or in a wafer. The pair of conplenmentary transistors conprise a first

transi stor and a second transistor. The nmethod forns a first
stress-produci ng byest transistor and the second transistor. The first
stress-producing | ayer applies tensile strain force on the first transistor
and the second transistor. The method al so fornms a second stress-producing
| ayer on the first stress producing | ayer over the first transi stor and the
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producing layer, the first transistor, and the second transistor.

[0007] Another 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 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.



100101 Figure 3 is a schet icsectional diagramof an integrated circuit
structure according to enbodi nents herein; and 100111 Figure 4 is a flow
diagramillustrating one exenplary method erabodiinent. herein. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [0012] As mentioned above, many new
forms of strain producing |liners(such as dual stress liners) are being
utilized with nodern integrated circuit devices However, for |ow power
applications. dual stress liners create gate induced drain | eakage (G DL)
problens in the channel interface regions of the transistors. In view of

t hese issues, the enbodine I i) ' straining |ayers
that do not produce probleﬁ%ﬁgnggﬁygﬁﬁﬁgﬁQ%qigggﬁéﬁﬁga'ayers pr oduce.

[0013] More specifically, one exanple of the enbodinents herein is shown in
Pima-es 1-3. In Figures 1-3 illustrate the formation of an integrated

P ot T e ety B B R UBRL R0 Ara B RELR 00 | T e
structure according to embodiments herein;
[0009] Figure 2 is a schematic cross-sectional diagram of an integrated circuit
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-



type (N -type) field effect aor (NFET) regions 102 and positive-typet e
effect transistor (PFET) regions 104. [0014] enbodi nent i ncludes at | east
one pair of conplenmentary netal oxide (CMOS) transistors on or in the
substrate 100. The pair of conplenentary transistors conprises a first
transi stor 106 and a second transistor 108. The first transistor 106 in
this exanple conprises a negative-type (N-type) transistor and the second
transi stor 108 conprises a positive-type (P-type) transistor. 1100151
General ly, such transistor structures are fornmed by depositing or

i mpl anti [ iti [ b 100 f t |
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trench ispl?éion r.e iB 130 b IQM/the_upper surface of the substrate 100,
as shown irf Péﬁ?%“%K '§%@®ﬁ8 transistor 108 conprises a silicon
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opposite t yiEl(E")laRt(i)rllgai{’nlpgl){tiets rlnat'(l;] g b tstcr)e{’teS 100 to form at least one semiconductor channel

region 116, 126 bordered (separated) by shallow trench isolation regions 130 below the
upper surface of the substrate 100, as shown in Figure 1. The second transistor 108
comprises a silicon germanium channel 126, while the first transistor comprises a silicon
channel free of germanium 116.

[0016] The substrate 100 can comprise any material appropriate for the given
purpose (whether now known or developed in the future) and can comprise, for example,
Si, SiC, SiGe, SiGeC, Ge alloys, GaAs, InAs, TnP, other III-V or II-VI compound
semiconductors, or organic semiconductor structures etc. The impurities can comprises
any negative-type impurity (N-type impurity, e.g., phosphorus (P), arsenic (As),
antimony (Sb) etc.) or any positive-type impurity (P-type impurity, e.g., boron, indium,
etc.). The different channel regions 116, 126 are doped differently depending upon
whether the transistor will be a positive-type or a negative-type transistor. As illustrated
in Figure 2, the transistors 106, 108 are complimentary to each other and are therefore

opposite type polarity transistors.



100171 The inplantation processes nentioned herein can take any appropriate
fo.rm (whet her now known or devel oped in the future) and can conprise, for
exanple, ion inplantatioee U S. Patent 6,815,317 (incorporated herein by
reference) for a full discussion of inplantation techniques. Shallow trench
isolation (STlI) structures are well-known to those ordinarily skilled in
the art and are generally forned by patterning openings within the
substrate and growing or filling the openings with a highly insulating

mat eri al . [0018] The nethod fornms a gate dielectric 118, 128 on the
upper surface o substrate 100 over the seniconductor channel region
116, 126 and paE‘{Oﬁﬁ?’edmagf“é“?f‘o?ﬁ&‘i‘f&%?‘“ﬂ’&?d Besgn 8*‘rﬁ‘qg??é‘“6%%pé°"é‘f‘te"l ectric 118,
128 over the seni conductor channel regiqn 116, 126 as.shown in Figure |.
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Al t er nat i vémylan %‘3" %e?‘&?t‘“’p&g%ﬂ?ﬁw <51§°?8f?ﬁ%38g??‘3’9h“§?{§“"8% of e many
candi date hj gh. dielectric constant (high-k terials..ncluding but not
limted bt B‘gals‘fﬁsil?‘} é{“P%‘PtP'i“B‘o‘ﬁ‘%&ﬂvéﬁ- tsgft\lfé”) téeq‘g}ét% a%‘?“e(ﬁlbts??c YTEY Atk of Si02
and S13N4, and netal oxides |i tantal um oxi de. The thickness. of

di el ectri cs¥Hef"8'A t‘htﬁ?e\f’é‘gﬂ}m&%ﬁ{‘alﬁ%‘é aﬁﬁ'@)‘ﬁar‘f ﬁ%‘e’faﬁaﬁg?@g%gﬁ%%e@gg

per formance. . ..[0019] As shown .in Fiqure 1, the te. conduct.or 110, 120
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conductive material, such as polycrystalline silicon (polysilicon),
anor phous P4¥¥n a conbi nati on of amorphous silicon arid polysilicort, and

polyoi1 con 0o EALIM. AS0951ed COMNGLLYS, DY LG B SRencs. o gl Labi
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referred t Oox?r?im%ie,d aega\l?el (}ielgcer?ccs?gcls( ‘of Si02 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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[0021] Using the sidewall spacers 112, 122 as an alignnent Feature,the
inpurities nentioned above are inplanted into the substrate to formthe
source and drain regions 114,124, Again, the different transistors 106, 108
will utilizes different polarity dopants dependi ng upon the polarity of the
transi stor for the source and drain regions. [ 0022] The exposed
portions of the siliconided by depositing a netal (such as, tungsten,

haf nium tantalum nolybdenum 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] Thustdmmy b (SRR A PR BRY P PR P ST PEHBRE R Er e
conpriser field effect transistor 106 and at | east one second-type field

ef fect trandPLieshniqenovain eats _tyne field effect transistor 106 and the

ST PRI e MR K B ST SR R,
126, a gat esi((l:e(\)avrzllﬁsu (():ft tl(1)er ga%elc%hdl;é%o?’ 1?&11%8.e§;hewall spacers are structures that are well-

known to those ordinarily skilled in the art and are generally formed by depositing or

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

then performing a directional etching process (anisotropic) that etches material from

horizontal surfaces at a greater rate than its removes material from vertical surfaces,

thereby leaving insulating material along the vertical sidewalls of structures. This

material left on the vertical sidewalls is referred to as sidewall spacers.

[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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t he channel region 116, 126, a gate insulator 118, 128 between the channel
region 116, 126 and the gate conductor 110, 120, and a suicide |layer on the
gate conductor and the source and drain regions [ 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 fornmed on the substrate 100 and the drawi ngs are intended to show
mul ti pl e ones of each of the different typessisters, however, the draw ngs
have been sinplified to only show a single transistor of each type for

clarity and . to allow. t reader t.o r j rec ize the different

f eat ur gs i e ehapog! E@?ont;ﬁ?’s&?’sa %&lpsuﬂ%‘frg ﬁgggk %%WF‘?%F‘?&PWE’I [eRIP8 h%’on because,
as woul d be _understood by those ordinarily skilled in the art, the

i nvention iggéﬂgpFéQBF@“%SD%PiugﬁuW@§Sﬂﬁ&%1%%%@U§%g%%ﬁ?9%wxég%wetype of
transi stor. OQZQ%%?S shown in Figure 2, a first stressing |ayer 200

is formed oWee P I®Y%re and cured. When the stressing | ayer 200 cures,

its size Changes, whjch produces either, conpressive qr. tensile stress
within the chanﬁgp4}géQBH@y?TH#efgﬁYW?g“Pﬁ% WISEIIRE ﬂbbﬁﬂ?&aﬁ8§ of the

both t he T gy Bl G die ol rdeman L BRGHE ef GHE et of rrbabred T5056) s
First st osBpaede drguriyier Obue (o TRRPEOHR AHEH ekt PEREAERS 106 and
the second transjstor 108). The first stress-producing |ayer. 200 and the
second st r ¥l ?)frtb“o‘ﬁ}%f’rﬁgt 8f ragsiprse T Pl ,"'&%ﬁ’r‘r‘iﬁs gfwe éﬁb%ﬁn{’lé%%&? gr own
S 1 con Ser TN T, oLl oS R0 v SR TSl
|t ;3 2? | gggr e]é(s)i%' rgpo%nitzg t%esd?f e?errllgfegtﬁn%g ?liuittre%d. 1[91?5 is ;Il-(t]t?ntgr%%&) trz)qm%E {hgs s-produci ng
invention because, as would be understood by those ordinarily skilled in the art, the
invention is applicable to structures that include many of each type of transistor.
[0025] As shown in Figure 2, a first stressing layer 200 is formed over the
structure and cured. When the stressing layer 200 cures, its size changes, which produces
either compressive or tensile stress within the channel regions 116, 126, to increase the
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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8 applies conpressive strain force on the first stress-producing | ayer 200,
the first transistor 106, and the second transistor 108, [ 0028] The
first stress-producing |ayer 200 and the second stress-producing | ayer 300
can be of different thicknesses, and the difference" Loess between the
first stress-producing layer 200 and the second stress-producing | ayer 300
alters performance of the first transistor 106 and the second transistor
108. [ 00291 The structure shown in Figure 3 conprises a conpl enmentary
transi stor structure that utilizes a dual "' fling Iayer. However, rather than

embod ment SPRE SPHPRRREC N SO SRS TGEPe OV e al FROPBht

one of 1 ﬁreskopa%gqésg%gﬁ Sfy ‘f‘attoir"?‘h%}h?ctﬁiiﬁf i 3ﬁa|“|°ty wih doal straimiow

< Tt cased. O] bt Sera-pRskego iy JohABLr Ao TIPS AT CE R Yot r ot od | n
[ e Frs@a?@gb“qof'ﬁ%@ffe%ekp“%zq%taéﬁfm Rkl ol a0, B poeneie,
or on the substrate, in it s _enbodi nent f the first

stress- pr odESmEPIUsPet ayefa?r(?g aP‘?]g‘Ffeéﬁﬁ“JA%rﬁss R °§‘§ ﬁﬁ?oé)t S BTG ng | ayer
of Convent | SASITEERIREEI08 by e teeFRG et I ni ng | ayer o Chat i npr ove the.
o031 The r esultdbhb gt Ea?re't eHing s oBE BFGr GRS byt he
npackaged EHIHE)h a?ﬁf@?zras S RTE 1 HOSe R PP R no T at Ler Cace

the chip is npunted in i.ngle chi acka
P straining layers over the d1{’}grent transist orE the engbodlments herein use the same

straining layers over the different transistors. By doing so, straining layers do not have to
be removed from one of the transistors (as is done conventionally with dual straining
layers) and the manufacturing process is thereby simplified and 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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(such as a plastic carrier, with leads thd to a notherboard or oth | evel
carrier) or in a nultichip package (such as a ceran ¢ Lamthat has either
or both surface interconnections or buried interconnections). In any case
the chip is then integrated with other chips, discrete circuit elenents,
and/ or other signal processing devices as part of either (a) an

i nternedi ate product, such as a notherboard, or (h) an end product. The end
product can be any product that includes integrated circuit chips, ranging
fromtoys and other |owend applications to advanced conputer products
havi ng ay, a keyboard or. ot her input deyxice, an central processor,
10035) 11" dhstiee BB G aeirE oS it i ek h a SR ehihoRg SepPerciiPe
materials, acts, .and equiyalents of all neans.or st | us function
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enbodi ments with varjous nodifications as are suited to the particul ar use
contenplatéﬂﬁg%@}?g?hﬁﬁioﬁ%ﬁﬁaﬁﬁh%%“ﬁﬁﬂgﬁFﬂﬁ@%@?ﬁ@“¥echniques are onitted
in the above-de crgffion SO a tqﬁgﬁt unnecess ri“é obscure. t he enbodi nents
of the inventiof?3 tShoufddI%“E?erffP gtyphe qoprespRRdRESHFUES HRAUTIREFEY ood t hat

t he term nol .used in_ the above-description is for th ur posi of

descri bi ng aag% l\ﬁiﬂn&rofé‘ﬂﬁtﬁmsrﬁ’éﬁtP%PIBﬁfuyc%dﬁﬁiﬁngenﬁ&‘th HewndsR™ e be 11 it i ng

of the invention. For exanple, as used herein, the ip ular. forns "e, an
g

and "the" dR&qeieReude 30 STpREdRAeTRE Op il FRPeH SRS 191" ynl ess t he
context clearly indicates otherw se, Further e, as used herein, the terns
"conpri ses"combglign it offerclaipg) onfs s mﬁﬁ‘gF%lg’?cﬁf’ng“{%@B’ At ﬁll“f“m S
specification, specify the presence of stated features, integers, steps,
oper at i ons,® @?’fﬁ?ﬂdstf‘até}f?cﬂ%BYe‘%é‘iﬂ?HH‘é?g@? PRI 15 IHBR 153[5 ?’8"& Rﬁ?f@‘%‘f‘{\ér presence

or addition of one _or nore other features,. intggers, St%ﬁ%ﬁﬁ%ﬂg ations,

el enent s, d’(')‘Fﬁ?é‘ﬁé’ﬁfnél,Straélﬁﬂ F'erdeé‘frtPHB% bpis pefdntended to be exhausti 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.

10



CLAMS |. An integrated circuit structure conprising: a substrate; at |east
one pair of conplenentary transistors one of on and in said substrate, said
pair of conplenentary transistors conprising a first transistor and a
second transistor; a first stress-producing |layer on said first transistor
and said second transistor; and a second stress-produci ng | ayer on said
first stress-producing |ayer over said first. transistor and said second
transistor, said first stress-producing |ayer applying tensile strain force
on said first transistor and said second transistor, and said second

t - duci ] | yi i train.f idfirst
Strese br oduet ndot ) el Bt Py R bRER b Ep B i B s &aTR  r ansi stor
2. The int ted circui t t di | al , i d.pai f
conpl ement Al EHATEE Br'er B RIPCE AL ISR et SoByTar PR p et

claiml1, said

st tranoepts @ BPer AEbE it bir SRS RERg BEF Pandrtfbmdng sui 3
i ograted ar e0ip Spp s prge B ek S el R o VAP BRS¢ ansi ot or
251§ con” CHEPNOM R R e HRIRFIRT: = TREerat QyraPRdotreat otructore
o000 L A S OB g B oo
silicon-nitride, 2 i con-carb rated circuit shructure

d si.l . 6, AN i
conpri si ng: PrECRES: ?Wﬁ? Iée:améets’ ‘I“@ﬁ%rf’%g’ﬁ% OB%?tfonlﬁfr‘l‘ieg%Prﬁa@ htR ¢ PaRYi st ors one
f di id bstrat e, i.d.pai f t t i st
Comori arng & e pEeR R fehes S MGG ooR P oT R BRSS! ©7°

stress-produci ng | yer on said first transistor and said second transistor;
and a secoﬁﬁw?P%Eséﬂﬂ?ﬁﬂﬁ%ﬁ%@mpﬁﬁg TP Pl r st stress-produci ng | ayer
over said first transistor and said second transistor, said first
stress-produci ng | ayer applying tensile strain force on said first

transi stor and said second transistor, said second stress-producing |ayer
appl yi ng conpressive strain force on said first stress-producing | ayer,
said first transistor, and said second transistor, said first
stress-produci ng | ayer and said second stress-producing | ayer conprising
di fferent thicknesses, and a difference in thickness between said first
stress-produci ng | ayer and said second stress-producing | ayer altering
performance of said first transistor and said second transistor,
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7, The integrated circuit structure according to claim®6, said pair of
conpl enentary transistors conprising conplenentary netal oxide (G vlDS)
transistors. 8. The integrated circuit structure according to claim®6,
said first transistor conprising a negative-type (N-type) transistor and
sai d second transistor conprising a positive-type (P-type) transistor. 9.
The titegated circuit structure according to claim$S. said second
transi stor conprising a silicon germani um channel and said first transistor
conprising a silicon channel free of germanium 10. The integrated circuit
structure according to claim6, said first stress-producing |ayer and said
second stress-produci ng |ayer conprising at | east one of silicon-gernmani um
silicomematmg de, and silicon-carbon. 11. A method of manufacturing an
integrated circuit structure, said nmethod conprising:g at | east one pair of
conpl enmentary transistors one of on and in a wafer, said pair of
conpl enge F\hal{tégritécﬁfﬁmﬁitﬁﬁtﬁre@ﬁﬂprﬁdlrfgt f glbatraftd étﬂéast dna lpst Gﬁcﬁﬁlp]ﬁﬁehtﬁ’y mmmh
transistor, an irst er. o
transi sP5P gé"eﬁa’éi sglésgﬁtﬁ’cfa‘firpgﬁgﬁs fefne t?:irly a‘ﬁ‘%@i "ﬁ’%‘%“‘%af& tﬂ’?:listﬂrganp ayer
app! yi ngcone ﬁ'SrlslsE)r &tﬂrﬂlsﬂﬂesi-@foﬁﬁclrfg’la)&amdsafd ﬂrattranmmsncssautseamdl trsranstzbr se¢ond
e R R T b O e
]E r ansi staonstorsandjﬁrsteucmqbr@tmglsyqoamﬁtm tayilt stypy fomp ph saichigrsiconystersigd seed st rai n
orce aqn d said
second Frals 3ha il £53aREREHE G BEELLAR Snplello iR RThaka 1RO0 OF
sai d t rsiessipstdoeisg bmlrpmdsﬁrﬁgalfS(ftmnan@)S@hiewIﬂlmﬁ%ﬂﬂstqrr ansi stor as a
negative-type (N-type) transistor and said second transistor as a
positive-type (P-type) transistor, 13. The nethod according to claim 12,
sai d f ok Ahevgtegtated alirfauttsmm accorling dongimi ls papbpafr e PTPRITRAR1AEY EOEEAE CePRINEESt or

to haveoes &hkhtn‘}%e&%ﬁ@é’(b%ﬁ%%%&lrs and said first transistor to have a
silicon cﬁanne free of germani um

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.

5. The integrated circuit structure according to claim 1, said first stress-producing layer and said second

stress-producing layer comprising at least one of silicon-germanium, silicon-nitride, and silicon-carbon.

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.
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14. The met hod according to claim 12, said formng of said transistors
conprising formng said first transistor to have a silicon gertnani um
channel and said second transistor to have a gallium arseni de channel .

15. The method according to claim 11, said form ng of said stress-producing
| ayer conprising formng a Layer of at |east one of silicon-germanium s
on-nitride, and silicon-carbon. 16. A nethod of manufacturing an
integrated circuit structure, said nmethod conprising: formng at |east one
pair of conplenentary transistors one of on and in a wafer, said pair of

conplenentar transi stors conprising a first transistor and a second.
transi st bpe ntgedtef BFGH GRS 1P Sing {4 SR SptaRatrioh IR B HrgHs B FYMRLIngG

t ransi %&ble&@ﬂar?%ieﬁl&@MCMOS)%ﬂ&isﬁﬁ@r said first stress-producing |ayer
applying tensile strain force on said first transistor and said second

transistor; and form ng a second stress-producing |ayer on said first

stress -&om@.u@gla@d Liay@ kin@wes acsatilg td dl4igts, gar@maitﬁh@storaaﬂpmgd msgEiongpe (N-
transisto sai d secqnd sfress- rodum n | yi.n npressive strain
force 6?’?6&3?“6‘5W ?"gtsalgf?°8%‘£tra[3?‘8t BSIF%@%?S“ )‘/'%LYP ﬁyggttg?s?sg’ﬁa stor, and said
second transistor, a difference | n thickness between said :first

stress duci ng.l.a er and sai Str | aye L.tering
per f or r%ﬁg mt(??’ragglclﬁé{‘ RS A ?cg%rs]in ocﬁa"él 8dsalsd§u %fngér?:%sﬁd’ TEY nsx}ét&l Sl%conl? The
net hod gaowmiudi chgnriclband ls@d firsi @gnsistar ebnfpasing mglioh ceand fiee afesimgmoms conpri si ng
formng said first transistor as a negative-type (N-type) transistor and
said second transistor as a positive-t)Te (P-type) transistor. 18. The
met hod 1AcBlwrintbgrged @rcait strumtutcaccadingitofclsim rgiddirst sadsetprodupinsilaeoand sederseidsi ng

form ng,sai 0S8 Rk t&mingfaﬂeast ShelbRYEcA- hﬁahﬁﬁﬁslﬁ&fn%ﬂh@ Qa@smﬁapedrb@.nd sai d

first transistor to have a silicon ch anneglé free of germani um
nmet hod according to claim 17 said formng of said transistors corrpr|S| ng

form ng, galefholl bf:ﬁénu?aa%ﬂlsg Slifegh@d BAVE stuchid, EEPRBET TRpLHYUM: ehanpal leand sai d
second transistor to have a a%r I'i um ar seni de channel. 20. The met hod

accor diMgPaoeiepEplpagary gwsatwwﬁgl B N aierstaidenals of cORRIRRICAGR tppeigtors
conpr i shfgridiy Ifirfradksistor 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 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.

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.
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layer of at Ieast one of silicon-germanium silicon-nitride, and
silicon-carbon.

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: 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 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.

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 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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