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[0003} The present invention relates generally to semiconductor devices, and more
particularly, the preferred embodiment relates to strained channel compiementary field-effect

transistors and methods of manufacture.

BACKGROUND

[6004] Size reduction of metal-oxide-sermiconductor field-effect transistors (]y{OSF}:ET),
including reduction of the gate length and gate oxide thickness, has enabled the continned
improvement in speed performance, density, and cost per unit function of integrated circuits over

the past few decades. To enhance transistor performance further, strain may be introduced in the



[0004] Size reduction.of metal-oxide-semiconductor field-effect transistors (MOSFET), including
reduction of the gate length and gate oxide thickness, has enabled the continued improvement in
speed performance, density, and cost per unit function of integrated circuits over the past few
decades. To enhance transistor performance further, strain may be introduced in the 2 transistor
channel for improving carrier mobilities. Therefore, stgain-induced mobility enhancement is another
way to improve transistor performance in addition to device scaling. There are several existing

approachesof intradycing train in the transistor channel region. [00051 In one conventional
approach, as describeEciitﬂilrg;lzg Paper by HETEEIPELAes phBifshEa. SHRdBesdmskRiL092 International

Electron Degﬂgg&%}iﬁgdg d in San Francisco, CA, pp..1000-1002 and incorporated herein by
reference, a relaxed silicon ge?%‘%aﬁﬁom%gﬁgg)uﬁﬁ?fgprI%WT&%FS\%M%@%%@WEH%SE%%I region. In

such a devigg.a semicondugator deyice includes a. sttaLned_sincon layer formed over and abutting a
relaxed SiGe layer, which i%g%orﬁgegg%eaécrhg%g%é}gaﬁﬂ%ﬁlasgﬁéﬁE’d@ig@ﬁﬁfﬁé?%@@?ﬁ@é@ﬂ The relaxed

SiGe layer has a larger lattice constant compared to relaxed Si, and the thin layer of epitaxial Si
grown on thi1&Axed Biens dnsavenikapmivelstretehaibid the taterdy dirattion i.g., jtwilkee under
biaxial tensile strain. Therefore, a transistor formed on the epitaxial strained silicon layer will have a .
channel reg%ﬁ?i%ﬁc@ﬁﬁﬂg?ggié%ﬁpﬁéﬁ%%ﬁ@m Deviis hpproadh]dhe Salaxed-SiGe Ayfter layer can |
be thought %(?Rs a stressor that introduces strain in the channel region. The stressor, in this case,. is
placed below tHe (e iad iF sRarsl regiahy [oboTtsignifivahtiivobilityrenhanceiBertiiias been

reported for both electrons and holes in bulk transistors using a silicon channel under biaxial tensile
strain. In thga‘é%(%@:?ﬁ%&ﬁ%%ﬁth the chanmel region. In such a device, a semiconductor device includes

a straired silicon layer formed over and abutting arelaxed SiGe layer, which is formed over énd

abutting a graded SiGe buffer layer.

[0006]  The Iela?;f:d SiGe l‘eiyer'has a larger lattice constant compared to relaxéd Si, and the
thin layér of epitaxial St grown on the relaxed SiGe will have its lattice stretched in the lateral
direction, i.e., it will be under biaxial tensile ﬁtrain. Therefore, a transistor formcﬁ on the
epitaxial strained silicon layer will have a channel region that is und;sr biaxial tensile strain, In .
this approach, the relaxed SiGe buffer layer can be thought of as a stressor that inroduces strain

in the channel region. The stressor, in this case, is placed below the transistor channel region.

{0007] Significant mobi}ity enhancement hgs been repoﬁed for both electrons aﬁd holes in
bulk transistors using a silicon channel under biaxial tensile strain. In the above-mentioned
approach, the epitaxial silicon layer is strained before the formation of the transistor. But there
are concerns about the strain relaxation upoﬁ subsequent CMOS processing where high.
temperatures are used. In addition, this approach is Very expensive lsi-nce a S1Ge buffer layer
with thickness in the order of micrometers has to be grown. Numerous dislocations in the

relaxed SiGe buffer layer exist and some of these dislocations propagate to the strained silicon



approach, the epitaxial silicon layer is strained before the formation of the transistor.. But there are
concerns about the strain relaxation upon subsequent CMOS processing where high temperatures
are used. In addition, this approach is very expensive since a SiGe buffer layer with thickness in the
order of micrometers has to be grown. Numerous dislocations in the relaxed SiGe buffer layer exist
and some of these dislocations propagate to the stragned silicon 3 layer, resulting in a substrate with
high defect density. Thus, this approach has limitations that are related to cost and fundamental
material p{a{)ﬁgrtie% JOO( Sg In another approach, strain in the channel is introduced after the transistor
is formed. N thiS APPrIRER B IPdugbrigied fismpist ek dllis mmprensh heatisiwionsrieture formed
ina silico%%srté a]sztrdeltte. The I;LI h.stress film or stressor exerts significant influence on the channel, -
modifying the Silicor [atice P A R RishAE@HRSN, and thus introducing strain in the channel
region. In this case, the stressor is placed above the completed transistor structure. This scheme is

described!iW@tail idreepetherpyrduchhimizurahabh entiledinkoaatmeabamc ahsilfsss gontal (LMC): a
new technique for CMOS performance enhancement,” published in pp. 433- 436 of the Digest of

TechnicalPHietenspabie 20Qh dnteyftinndbElectran Pevigsdieatingawhichcisdnsaraorated herein by
reference. [0009] The strain contributed by the high stress film is believed to be uniaxial in nature with
a directiofjenmnepivake Sough-toadsdiindirectissordomwe\eenificiaxislitens erstiaindeerades hole
mobility while uniaxial compressive strain degrades the electron mobility. lon implantation of
germaniufA?Erinselitsalices fstectivetinpsiashthi straingicthanthénhdleronelegttommeility is not
degraded, but this is difficult to implement due to the close proximity, of the n and p-channel

channel region. In this case, the stressor is placed above the completed. transistor structure. This

scheme is described in detail in a paper by A. Shimizu et al., entitled “Local mechanical stress

control (LMC): a new technique for CMOS performance enhancement,” published in pp. 433-

436 of the Digest of Technical Papers of the 2001 International Electron Device Mesting, which.

is incorporated herein by reference. -

[0009] "The strain contributed by thé high stress film is believed to be uniaxial in-nature with
a direction parallel o the source-to-drain direcﬁon_. However, uniaxial tensile strain degrades

hole mobility while uniaxial compressive strain degrades the electron mobility, Ion implantation
of gexrnaniuml éan be used to selectively relax the strain so that the hole or electron mobility is

not degraded, but this is difficult to implement due to the close proximity of the n and p-channel

transistors.

[4010] Accordingly, what i$ needed in the art is an improved transistor and method thereof . -

that addresses the above-discussed issues,



transistors. [Q010] Accordingly, what is needed in the art is an improved transistor and method
thereof. that addresses the above-discussed issues. 4 SUMMARY OF THE INVENTION [0011]
Preferred embodiments disclosed herein teach a strained channel transistor and another component
formed on the same semiconductor substrate. In a first embodiment, the other component is a
resistor. In another embodiment, the other component is a transistor. In other embodiments, the other
component can be other devices. [0012] Disclosed fierein is a method of forming a conventional
resistor and a strained channel transistor on the same substrate using the same process flow. A
stressor can be defined as that which introduces strain in the transistor channel region. In prior art,
schemesSHRYRdOE: g@?&?ﬁl%ﬁ@l@gﬁs introduce the strain with a stressor, benefiting transistors of
the first conduction type while degrading transistors of the second conduction type. [0013] In a first

aspect, tf@Eel|is prexidecd sabvconsuctinctiin ¢erprising asemmiediduatdirsulsiratel; a first active
region disposed in the substrate; a second active region disposed in the substrate; a resistor is
formed indbidirsiragtivent égined thaetresisioréndludihgardapachie gionfifaraaddieiweahetvbeterminals;
and a strained channel transistor formed in the second active region, the strained channel transistor
includingearfipshamndsseesitsthessothfombddinthae, Sirhstatecopgpositely atdjastniralstsdised channel
region. [0014] In accordance with another preferred embodiment disclosed herein, a semiconductor
chip is foomeatimerse ric otducionpegion vaittba dilstrskmicanductor material with a natural lattice

[0012]  Disclosed herein is a method of forming a conventional resistor and a strained channel
transistor on the same substrate using the same process flow. A stressor can be defined as that
which infroduces strain in the transistor channel region. In prior art, schemes of inducing strain in
transistors introduce the strain with a stressor, benefiting transistors of the first conduction type

while degrading transistors of the second conduction type.

[0013]  Ina first aspect, there is provided a semiconductor chip comprising a semiconductor
substrate ; a first active region disposed in the substrate; a second active region disposed in the
substrate; a resistor is formed in the first active region; the resistor including a doped region
formed between two terminals; and a strained channel transistor formed in the second active
region, the strained channel transistor including a first and second stressor formed in the

substrate oppositely adjacent a strained channel region.

[0014]  In accordance with another preferred embodiment disclosed herein, a semiconductor
chip 1s formed in a semiconductor region with a first semiconductor material with a natural lattice
constant forming a first and second active regions in the semiconductor region. A gate stack is
formed over the second active region and a masking layer is formed over the first active region.
After forming the masking layer, at least one recess 1s formed in a portion of the second active
region not covered by the gate stack. A second semiconductor material is grown in the recesses,

the second semiconductor material having a second natural lattice constant that is



constant forming a first and second active regions in the semiconductor region. A gate stack is formed
over the second active region and a masking layer is formed over the first active region. After forming
the masking layer, at least one recess is formed in a portion of the second active region not covered
by the gate stack. A second semiconductor material is grown in the recesses, the second
semiconductor material having a second natural lat§ce constant that is 5 different than the first natural
lattice constant. Source and drain regions are formed in the second active region to form a strained
channel transistor. The masking layer is removed and a semiconductor component is formed in the
first activelifégtontioohsfint agsvabiatice ertstariotonrcp rakédreth evgioos imdntidolvteddsendin, a
semiconductor device is formed in a semiconductor substrate with a first semiconductor material. The
substratea¢tizrige®n firsraoiveaiagl chanacligesitiet dheanasidRedarkniseaoatdetide region having a
second gate stack. A film is formed over the first and second active regions and spacers are formed
on sidewiiisieprucierenngarnsiadrnahinsbedial astive ¥egivh. Source and drain recesses are
etched on opposing sides of the second gate stack and are spaced from a channel region by the

spacers. fyserondiericansiGiaihmalaiabis SR BHHIRRALASR B8R HEalh recasteadiRR6] In
accordance with another preferred embodiment disclosed herein, a semiconductor device is formed

by the merdrOk BERMIdiNgAGRTRSOMANCIGHIAME iRk Meludasanlitelachvenseaapgdrasecond
active region. A first gate stack is formed over the first active region and a second gate stack is

formed ovgsitiaessefenst @atingitedianind Litkegtie fihok iminedmavertitkecfits! Bthsecepshactive
regions and a masking layer is formed over a portion of the dielectric film overlying the second active
region. Digposakite/spandsSane:foreethofirsi dedvalomf A, fiskdatend spacers are formed on

sidewalls of the second gate stack in the second active region. Source and drain recesses are

etched on opposing sides of the second gate stack and are spaced from a channel region by the

spacers. A second semiconductor material is grown in the source and drain recesses.

[0016]  Inaccordance with another preferred embodiment disclosed herein, a semiconductor
device is formed by the means of providing a semiconductor layer that includes a first active
region and a second active region. A first gate stack is formed over the first active region and a
second gate stack is formed over the second active region. A dieiecﬁic film is formed over the
first and second active regions and a masking layer is formed over a portion of the dielectric film
overlying the second active region. Disposable spacers are formed on sidewalls of the first gate
stack by anisotropically etching the dielectric film. First and second recesses are formed in the
first active region, and are substantially aligned with the disposable spacer. The first and second
recesses are filled with a semiconductor material and the source and drain regions in the second

active region adjacent the second gate stack are implanted.



stack by anisotropically etching the dielectric film. First and second recesses are formed in the first
active region, and are substantially aligned with the disposable spacer. The first and second recesses
are filled with a semiconductor material and the source and drain regions in the second active region
adjacent the second gate stack are implanted. 6 BRIEF DESCRIPTION OF THE DRAWINGS [0017]
For a more complete understanding of the present ingention, and the advantages thereof;.reference is
now made to the following descriptions taken in conjunction with the accompanying drawing, in which:
[0018] Figure 1 shows a conventional resistor formed in a portion of substrate; [0019] Figure 2 shows
a strained @RamEEDESORBOTOI0020 fHigure, Jvshows the integration of a strained channel transistor
and a conventional resistor; [0021] Figures 4a-41 show a first embodiment process flow; [0022] Figure
5 compare nventional PMOS and a compressive stressed PMOS; [0023] Figure 6 compares a

| conventiongq%hmos, and %]%%f@ncﬁfgggf%%%é%&%% IQ%@;?WE'A’PWBH%S&?@Q%W%F&bined steps of
the secondtgé}g thi Qegnbodiment'%loozgn Ei 9Uresé]%3-l4 show additional steps of the second -
embodiment; and (E)(%ﬁéﬁcﬁfaa?gsl}i 19 L0fo QG GHESHAT RS e eRbouiREAke7 DETAU_ED
DESCRIPE@%?&%%&%@E@% Elyl:I\/IODII_\/lEENTS [0027] The making and using of the presently
preferred embodiments are I5clissed i detalil _ :

[0018] Figure 1 shows a conventional resistor formed in a portion of substrate;

10019] Figure 2 shows a strained channel transistor:

[0020] - Figure 3 shows the integration of 2 strained channel transistor and a comventional
TEsistor;

[0021] Figures 4a-41 SHOW a first embodiment process flow;

[0022]  Figure5 con;pares.a'conventional PMOS and a compressive stressed PMOS:
{6023] Figure 6 éompares a conventional NMOS and a cémpressive stressed: NMOS;.
(0024] Figures 7-12 sh§w cémb'med steps of the second and i"hl].‘d embociime_nt;
[0025]  Figures .13.-14 show additional steps of the second embodiment; aﬁd

[0026] Figures 15-19 show additional steps of the third embodiment.



below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention, and do
not limit the scope of the invention. [0028] Resistors are commonly used in semiconductor integrated
circuits. Resistors are used, for example, in analog gnd in mixed mode analog and digital circuits.
Resistors are also used in input and output circuits as input and output resistors. In addition, resistors
are sometimes used as part of an. input protection circuit to provide protection of the circuit against

electrostatig@ﬁsqmq)@%@l%%@ﬁ tﬂ; se, the resistor is used to attenuate the ESD voltage
and to absorb and dissipate E er%%gyjﬁ %@%“%@ﬁ‘é@%@%@é’?% thousands of volts may . .

appear ac
integrated

Uradh

e two terminals of the resistor used for ESD applications. [0029] Resistors in

s ma/'b& st ising aiblyperystalipe slisandayermdas example, Resigiors in

integrated gégcuit;hn%%y also be formed on a single-crystalline silicon layer, e.g., resistors may be

. OW..
formed in a porti
layer in a gliogn
crystal silicon su

102
E%r%%@i%‘é RSt Btigherehie Lasistormthpd0fidetyee mine dermivals A 0,af the resistor

the substr
example.

&

the irtgRsceiystatsiticon bulksubatsateiein ROVER oha sipgle grystal silicon

on-insulator substrate. As an example, a resistor 100 formed in"a portion of a single

SStrAEAD 27 sHows T Rlighie 4 withe tasistor HedrclQ4isdonsd with & type opposite

and js defined by an isolation structure 106 such as shallow trench isolation, for

ons

100, as s wnin Ftlgur.eﬁ_i.ﬁln the resistor body 104, the current 108 experiences a linear

current-voltage rela
that resistors with a 8

[0028]

S%??ﬁr%@f@r@ﬁ%‘éiﬁﬂdeﬁned as resistance. It is known to one skilled in the art

Resistors are commonly vsed in semiconductor integrated circuits. Resistors are

used i in mi
, for example, in analog and in mixed que analog and digital circuits, Resistors are also

used in | ircuits as i
d in input and output circuits as input and output resistors. In addition, resistors are

someti Can i i ircui i
metimes used as part of an input protection cireuit to provide protection of the circuit against

cle _— L
ctrost;tm discharge (BSD) events, In this case, the resistor is used to attenuate the ESD

voltage and to absorb and dissipate ESD energy. Large voltages in the order of thousands of

volts may appear across the two terminals of the resistor used for ESD applications,

[0029]

Resistors in integrated circuits may be formed using a poly-crystalline silicon layer‘

for example. Resistors in integrated circuits may alsobe formed on g single-crystaliine silicon

layer, e.g.

+ FesIstors may be formed in 2 portion of the single crystal silicon bulk substrate, orina

Is) 3 . . era . - . -
portion of a single crystal silicon layer in a stticon-on-insulator substrate. As an example, a

resgtor 100 formed in a portion of a single crystal silicon substrate 102 is shown in Figure 1.

The resistor body 104 is doped with a type opposite the substrate 102, and is defined by an

1solation structure 106 such as shallow trench isolation, for example. Current 108 flows throngh

the resistor body 104 between two terminels 110 of the resistor 100, as shown in Figure 1. In the

resistor body 104, the current 108 experiences a linear current-voltage relationship

characteristically defined as resistance, Tt is known to one skilled in the art that resistors with a



resistor body comprising a single-crystalline semiconductor have the characteristics of high stability
and low noise in comparison with conventional. poly-crystalline resistor structures. [0030] In the
preferred embodiment, a structure and method of forming a resistor and a strained channel transistor
is provided. Methods of forming such resistors with strained channel transistors are provided. [0031]
Figure 2 shows a strained channel transistor 114 witere a first semiconductor material in the channel
region 116 is stressed by the placement of a second semiconductor material 118 inn part of the
source and drain. regions 120. The second semiconductor material may also form part of the channel
region 116°He! pflizewopstant ofitble-sesolithsemigonductorhmateriel yatiesinsetatign to the lattice
constant of the first semiconductor material such that a strain is placed on the first semiconductor
material intHa'Ehaphilvegionin Thepsseonditbemiconidueigoiyatesialinkbéshereanteferred to as a
stressor. The transistor 114 comprising a strained channel region 118 is commonly known as a

strained chayme! transigiof-hendhe.datfice constant of G SILsSqr (80 SiGEX)3 Jarger than that

of the first semiconductor material (e.g., Si), the stressor results in a compressive strain in the

source-toﬁfﬁkﬁh@ﬂl@ﬁﬂﬁﬂt@in&@%rt@%%@d.Wﬂ%{bﬁg%f%t}ﬁﬁn(‘g%%ﬁ%i&fo}?%ﬁﬁ?%ﬂe%es%‘éﬁﬂéld“Ctor |

material (e.g., Sii_yCy) is smaller than that of the first semiconductor material (e.g., the stressor
results in a-tensie; staipinithe source-to-drain direction of the transistor. Details of this strained
channel transistor are given in co-pending patent application, Y.-C. Yeo et al., "Strained-channel

transistor gﬁﬁg i Iatt'ig;((ar'-mi atched zone in the source/drain regions," U.S. Patent Application No.
10/379,03% “Hhed MAFEH S Z360%S PN BRERSS A NlirR D f T N0 0050y BFErs incorporated

herein by reference, . L . '
maierial m the channel region 116 is stressed by the placement of a second semiconducter

material 118 in.a part of the source and drain regions 120. The second semiconductor material
may also form pért of the channel region 116. The lattice constant of the second semicon_&iuctof
mat@rial varies in relation to the lattice constant of the first s¢micdnriuctor material such that a
sﬁrain is placed on the first semiconductor material in the channel region.. The second
semiconductor material will be hereon refenéd to as a stressor. The transistor 114 comprising &
strained channel region 118 is commonly known as a strained channel transistor, When the
lattice constant of the stressor (e.g., Sil_ Ge,) is larger than that of the first semiconductor
material (e.g., 1), the stressor resuits in a cOmpressive strain in thé séurce—to—drain direction of
the transistor. When the lattice constant of the second semiconductor material (e.g., SiyCy) is
smaﬂer than that of the first semiconductor material (e.g., Si), the stressor results in a tensile
strain.in the source-to-drain direction of the transistor. Details of this strained channe! transistor
are given in co-pending patent application, Y.-C. Yeo ef al., “Strained-channel transistor with a
lattice-mismatched zone in the source/drain regions,” U.S. Patent Application No. 10/379,033,
filed March 4, 2003. (TSMC Disclosure Number TSMC2003-0050), and is incorporated herein

by reference.



9 [0032] In the preferred embodiment, the first semiconductor material is silicon (Si) and the second
semiconductor material is silicon-germanium (SiGe or Sii. Gez), and the strained channel transistor is
a p-channel transistor. The mole fraction x of Ge in SiGe may be in the range of about 0.1 to about
0.9. In another embodiment, where the strained channel transistor is an n- channel transistor, the first
semiconductor material is silicon, the second semicg@nductor material is silicon-carbon (SiC or
Sil_yCy), and the mole fraction y of C in SiC may be in the range of about 0.01 to about 0.04. While
Sij.1Get and Sil_yCy may be used as the second semiconductor layer, other semiconductor materials

may be ust¥3br exbripigrad-semieonduster %@Mép%%n%aégﬁ?%@;ﬂﬁ?’ &e%@iea%[g&,the second -
| escribe

semiconductor layer. [0033] The first embodiment of the present invention will be cribed with -~

respect to &eSpéuisccoriext, namaliameshodatingntaling sonuentional (esisior sudh as the

resistor with a strained channel transistor. In Figure 3, a conventional resistor 124 is formed in a -

portion of HESSifStrareck26h wdiisteactive segion tag.defined;hyiselationdesio §aﬁg9£}1and a strained
channel transistor 132 is formed in another portion of the substrate 126. %0034] The résistor 124

comprises’a b pedrasistdl oy 2B thrabighwhichyasy ant did dows Retwesn e resistor terminals

136. The current 136 flowing in the resistor body 128 experiences a resistance, the value of which is a

function of HERY ratrstdls fesgistiieodoping riypeiUnpiIgoRceRIalion JavauLand.Size of the
resistor body. The doping type of the doped resistor body .128 is opposite the doping type of the
semicondEf&BFP@éi%ﬁl?%Z@iﬁ@n§ﬂiﬂelwndnhieﬂyﬂ&g‘1tmi@0ﬂw@& §ior examenienthadesistor 124 may
comprise abp+ dozed resistor body 128 formed over an n-type doped region 138. ng n-type doped
region 138 ﬁ){ﬁfﬂ RiPRE PS4, While Si;.Ge, and Si;. Cy may be used as the second semiconductor

laye: i - :
yer, other semiconductor materials may be nsed. For exanple, a semiconductor alloy such as

Sli-ryGeCy may be used as the second semiconductor layer,

- [0033] The first embodiment of the present invention vﬁ'll be described with respect to a
speciﬁé context, namely a method of inte grating a conventional resistor such as the resistor with
a strained channei transistor.‘ In Figure 3, a conventional resistor 124 is formed in a portion of
the substrate 126 in a first active region 138 defined by isolation regions 130, and a strained

channel transistor 132 is formed in another portion of the substrate 126,

[0034] © The resistor 124 comprisés 2 doped resistor body 128 through which current 134
flows between two tesistor terminals 136. The current 136 flowing in the resistor body 128
experiences a resistance, the value. of which is a function of many parareters, e.g., the doping
type, doping concentration, layout, and size of the reéistor body. The doping type of the doped
resistor body 128 is opposite the doping type of the semiconductor region 126 immediately
underlying the body 128, For example, the resistor 124 may comprise a p+ doped resistor body
128 formed over an n-type doped region 138. The n-type doped region 138 may be an a-type
doped well region or an n-type doped substrate 126. It is understood that the doping typés may

be reversed, e.g., n+ doped resistor body 128 formed on a p-type doped region 138. The doping



doped well region or an n-type doped substrate 126. It is understood that the doping types may be
reversed, e.g., n+ doped resistor body 128 formed on a p-type doped region 138. The doping 10
distribution or profile in the resistor body is generally non-uniform, and may. have an average doping
concentration in the range of 1016 to 1019 crn 3 [0035] The resistor body 128 shown in Figure 3 can
be defined by isolation structures 130, such as shatlpw trench isolation (STI) structures, for example.
The resistor 124 of the present invention may have a rectangular layout with width W and a length L. .
The width W may have a dimension of larger than about 0.1 microns, and preferably larger than about
1 micron. Igittidupreferpediembodiraenty theljangtheamaysbavefa:djmensiormefdargeeiian about 0.1
micron, and preferably larger than about 1 micron. The resistor may have a layout with a serpentine
shape, or émyngttecshapeconimonty: uséd frithe artfar diffusion resistors. [0036] The example in
Figure 3 illustrates a bulk semiconductor substrate 126, preferably a bulk silicon substrate. However,

1t s undergigd ihat et sulstaes-Ush 5 SAIEEAAEIAL 91k IISUIAIRY(SOD. Substraigs may also.

be used. For example, the semiconductor-on-insulator substrate can’be a silicon-on-insulator

substrate g asiliconlayscavaiinen alicon.oxide. lavar, spid slieon paide aYeLaYerving a

substrate. The silicon layer in the silicon-on-insulator substrate may be a relaxed silicon layer or a

strained siicon dayer: {39371 A.crass-section ehheesistarsl2inFoure 3 shaws 2.dqpad body region

128, also known as a resistor body, formed on a portion of the substrate 126. The résistor body 128
can be defineashisolationsirusiuies: sHehas the sballawtranchisplation strystyres 430 shownin
Figure 3. The doping type of the doped body region 128 is opposite to the doping type of the

preferred embodiment, the length L may have a dimension of larger thégn about 0.1 micron, and

preferably larger than about 1 micron. The resistor may have a layout with a serpentine shape, or

any other shape commonly used in the art for diffusion resistors.

_____ The examja__le in Figure 3 iltustrates a bulk semiconductor sqbétzate 126, preferabiy 2
bulk silicon substrate. However, it is understood that other substrates such as Semicondﬁctc}pon»
insulator (SOI) substrates majz also be nsed. For example, the sezrﬁconduator—an—inéﬂatof
substréte can be a sﬂicon-oﬁ-insuiator substrate having a silicon layer overlying a silicon oxide

layer, said silicon oxide layer overlying a substrate. The silicon layer in the silicon-on-inslator

substrate may be a relaxed silicon Iayer or a strained silicon lajfe:‘r.

[06037] A cross-section of the resistor 124 in Figure 3 shows a doped body region 128, aiso
known as a resistor body, formed on a portion of the substrate 126. The resistor body 128 can be
defined by isélazion structures, such as the shallow trench isolation structures 130 shown in
Figure 3. The doping t);pe of the doped body region 128 is opposite to the doping type lo.f the
senﬁcondﬁctor region 138 immediately underiying the quy region 128. For exampie, if the
resistor body 128 is doped p-type, it may be formed on an n-type well region or on an n-type

substrate. The average doping concentration of the resistor body 128 may be in the range of 10*°



semiconductor.region lib immediately underlying the body region 128. For example, if the resistor
body 128 is doped p-type, it may be formed on an n-type well region or on an n-type substrate. The
average doping concentration of the resistor body 128 may be in the range of 1016 11 to 1019 cm. 3.
A conductive material can be formed to provide contacts 136 to the terminals of the resistor 124.
[0038] The strained channel transistor 132 of Figurg 8 comprises source and drain regions 140 on
opposing sides of a channel region 164. The channel region 164, formed from a first semiconductor
material 126, is,covered by an overlying gate dielectric 150. A gate electrode 148 overlies the gate
dielectric 1501 heyaté sradiaiiee 1m@rvaterniak danrbe pohyerstaliiagssiican mpehneryatating silicon
germanium, metals, metallic silicides, metallic nitrides, or conductive metallic oxide. Spacers 170
consisting 5F6HE & more dielectric materials are formed on the sidewalls of the gate electrode 148. A
portion of the source and drain regions 140 comprise a second semiconductor material 162. The,

second serfigtfiductahmatgrial 162 may,have e}ﬁag@ﬁ%u ural lattice constant that is different from
the natural.lattice constant of the first material r126. As |(£%3§ecfﬂp%§/eesﬁg§/rsc %ﬁléggdéfénerfé%%de 148 and

ihe Source fidrairig ol n.cantasia fae donerdisalon sensiling e resistor pody 126 s
ionc

not silicided to maintain a high resistance. [0039] Principles of the presént inven Aialso be

applied to.&r@sisi@rooirﬂiﬁtbypﬂwgmg%@w ending ication_gerial No. 10/667,871, file .
September 22,2003 (TSMO03-0553), which applicatiéﬁ%%i%corﬁg%gé% H(gr'e%}lgt%er%?g{rzedﬁfégg@sing the
methods tmgﬂmahéxega,tetrdiaiemﬁtsu@l)cm@@@éi@&%ﬁ%%@%@%%ﬁ’%@%@?&%@%Qﬂ%k,trans_'stor'

[0040] The present invention teaches a method of forming the straine transistor
poly-crystalline silicon germanium, metals, metallic silicides, metallic nitrides, or conductive
metaﬂic oxide. Spacers 170 consisting of one or more dielectric materials are formed on the
sidewdlls of the gate-electrode 148. A portion of the source and drain regjons 140 comprise a
second serniconductor material 162, The second semiconductor material 162 may have a second.

- matural lattice constant that is different from the natural lattice constant of the first material 126.

A silicide 174 overlays the gate electrode 148 and the source and drain regions 140, In contrast,

the doped I‘egi_()n copstituting the résistor body 128 is not silicided to maintain a high resistance.

[0039]  Principles of the present invention can also be applied to a resistor of the type taught
in co-pending application Serial No. 10/667,871, filed September 22, 2003 (I'SM03-0553), b
which application is incorporated herein by reference, Using the methods taught herein, this

Tesistor can be formed simultaneously with a strained channel transistor.

{0040]  The present invention teaches a method of forming the strained channe] transistor
132 on the same semiconductor substrate 126 as the conventional resistor 124 using the same

fabrication or manufacturing process.

[0041] Referring now to Figure 4a, a process flow showing the method of manufacturing a
resistor with a strained channe] transistor is described. A semiconductor substrate 126,

preferably a silicon substrate, is provided and isolation structures 130 are formed to define active



132 on the same semiconductor substrate 126 as the conventional resistor 124 using the same
fabrication or manufacturing process. [0041] Referring now to Figure 4a, a process flow showing the
method of manufacturing a resistor with a strained channel transistor is described. A semiconductor
substrate 126, preferably a silicon substrate, is provided and isolation structures 130 are formed to
define active 12 regions in the substrate. The isolatitgh structures 130 may be formed using standard
shallow trench isolation processes, for example, comprising the steps of etching trenches with depths
in the-range of about 2000 to about 6000 angstroms, and filling the trenches with a trench filling

dielectric matefigilycheical vapetapesitionateriexample: e the; crasisdattitowas shown in
Figure 4a. The trench filling dielectric may be silicon oxide, for example. lon implantation may be

performediiantprmntdypeandier, @cw@ﬂ@fgld@ﬁi@m@m&s@mﬁ eflguredaizhovits tephactive regions:
a first active region 142 where a conventional resistor 124 is to be formed, and a second active region

144 whereta SﬁE%meﬂaﬁhﬁmmbH@mﬁﬁﬁGO(lB&g&ﬁezb@ faorachdTheserahtiveithegimnstmigitbe of the
same conductive type as each other-or they.may be of different conductivity types. Source/drain

regions 140:a¢ershowerinl theckigite 4a@\Rpdhioughfdhesensbgionsvhavenot-besiombuipet. [0042]
A gate stack 146 is then formed in the second active region 144, as shown in Figure 4b. The gate

stack 146 eofprisds. dipatecetediibdedki8 aventying algate disledtiexkb@ler Horgiatp! astain146 may _
additionally comprise a gate mask 152 overlying the gate electrode 148. The purpose of incorporating
the gate masklﬁ@%ﬁmbrhmbmrfmmle@rpbeiﬂ%r [0048] e gate stanisimay b&ifsnméd Eibyvcfﬁévféllowmg
process. A gate dielectric 150 is

active regions: a first active region 142 where a conventional resistor 124 is to be formed, and 2

second active region 144 where a strained channel transistor 132 is to be formed. These active
“regions might be of the same conductive type as each other or they may be _of different
- conductivity types. Source/drain regions 140 are shown in the Figure 4a even thongh these

~ regions have not been fomed vat,

‘[0(?42] 'A gate stack 146 is then formed in the second active region 144, as shows in Figure
4b. The gate stack 146 comprises a gate electrode 148 overlying a gate dielectsic 150. The gate
stack 146 may additionally comprise a gate mask 152 overlying the gate electrode 148. 'The

purpose of incorporating the gate mask 152 will become clear below.

[0043] The gate stack Diay be formed by the following process. A gate dielectric 150 is.
formed in the second active region 144 us'}ng any gate dielectric formation process known and
used in the art, e.g., thermal oxidation, nitridation, sputter deposition, or (éhemical. vapor
deposition. The physical thickness of the dielectric 150 may be in the range of about 5 to about
lbO angstroms. The transistor gate dielectric 150 may employ a gate dielectric such as silicon
oxide and silicon oxynitride {l)r a high permittivity (high-k) gate dielectric, or combinations

thereof.



formed in the second active region 144 using any gate dielectric formation process known and used in
the art, e.g., thermal oxidation, nitridation, sputter deposition, or chemical vapor deposition. The
physical thickness of the dielectric 150 may be in the range of about 5 to about 100 angstroms. The
transistor gate dielectric 150 may employ a gate dielectric such as silicon oxide and silicon oxynitride
or a high permittivity (high-k) gate dielectric, or com@ations thereof. 13 [0044] The high-k dielectric
preferably has a permittivity of larger than 8. This dielectric can be one or more of aluminum oxide
(A1203), hafnium oxide (HfO2), hafnium oxynitride (HfON), hafnium silicate (HfSiO4), zirconium oxide

(Z2r02), zirci9itdh oxymitriden( tN) izl licate (ZrsSiQ4), yitrium oxide (Y203), lanthalum oxide
(La203), cerium oxide Ce02), titaniurln g%(glégg%%%g %apr?ga L}%%V%\Z%}ia(ﬁéé@)?oﬁﬁﬁrﬁﬁﬁﬁﬁ@ns thereof.

In the prefene@eenmdlmlaﬁamgﬂﬁigﬂ'&ﬁig t ishh fnium o ijﬁéérhe silicon equivalent oxide
thickness (EOT) of the dielectric 150 is prefera%?é) I’esas?t han abo 25%@?%83’%?@%referably-Iess

than aboutE8afigstfams, sang-everimore;preferably:lessthan about 10 angstroms. The physical
thickness of the dielectric 150 may be I%’sslthan ab((%lt!% g%g%ﬁ%ﬁ&%é@%@?&gykss than
about 50 aRgetrdmssitindeaZe3impre: praferablyess. ut 20 angstroms. [0045] After the gate
dielectric 150 is formed, a gate electrode mater(laf 1&58%2%%%&055‘%3%%@%%? %‘r%@eg%qgﬂ?iielectric

150 layer. fHeigateredeclioge materiahi/g eands Rely;rvstallin %EQ%P%?%Q@?%%&‘”WB silicon
alli

germanium, metals, metallic silicides, metallic nitrides, or conductive me 9 the preferred
embodimeft e etasttisdie b8 dteteaprispspalncovsialing. Jison Mejals such, ag molybdenum,
tungsten, t&:[gg%um, tantalum, platinum,
) of the dle}ecmc 150 is preferably less than abput 50 angstroms, more praferablyriess than
h ) o . '
about 20 angstroms, and even more preferably less than about 10 angstroms. The physical

th;ckness of the dislectric 150'may be less than -about 100 angstroms, more preferably less than |

- about 50 angstroms, and evey more preferably less than about 20 angstroms,

[0045] After the gate dielectric 150 is formed, a gate electrode material 148 can then be
deposited over the gate dielectric 150 layer. The gate elégtrode material 148 can be poly-
crystalling silicbn_, poly-crystailine silicon germanium, metals, metallic silicides, metallic;
nitrides, or conductive metalfic oxide. In the preferréd embodi:ﬁent, the electrode 148 comprises
poly-crystaliine silicon, Metals such 4s molybdenum, tungsten, titaniurm, tantalum, platinum,
and hafnium may be used as the portion of the top electrode 148, Metallic nitrides may include,
but.are not restricted to, moiybdenum nitride, tungsten nitride, titanium nitride, and tantalam

| nitride. Metallic silicides may include, but will not be restricted to, nickel silicide, cobalt
silicide, tungsten silicide, titanium silicide, tantalum silicide, platinum silicide, and erbium
silicide, Conductive metallic oxideé may include, but will not be restricted t0, ruthenium oxide

‘and indium tin okide.

[0046] The gate electrode material 148 may be deposited by conventional techniques such

as chemical vapor deposition. The gate electrode 148 may also be formed by the deposition of



and hafnium may be used as the portion of the top electrode 148. Metallic nitrides may include, but
are not restricted to, molybdenum nitride, tungsten nitride, titanium nitride, and tantalum nitride.
Metallic silicides may include, but will not be restricted to, nickel silicide, cobalt silicide, tungsten
silicide, titanium silicide, tantalum silicide, platinum silicide, and erbium silicide. Conductive metallic
oxides may include, but will not be restricted to, ruthgpium oxide and indium tin oxide. [0046] The gate
electrode material 148 may be deposited by conventional techniques such as chemical vapor
deposition. The gate electrode 148 may also be formed by the deposition of 14 silicon and metal,
followed byihgrannéaling. toformddnretabsilibide ghterslenttdddiniterialeiActpatertiedagate mask 152
is then formed on the gate electrode 148 material using conventional deposition and photolithography
technique iR gata tiask 152 inthsnemplolrschirnanlslassede Maskitygiphateriaiensgetioas) but not
limited to, silicon oxide, silicon oxynitride, and silicon nitride. The gate electrode 148 is then etched
using plasFfReiERpreceses e mphtirsipiiecel by gds. TR §Raaicieelit AU fegighs not
covered by the gate electrode 148 is preferably etched away. [0047] As shown in Figure 4c, a first
mask matefaimategy SidtioVer fveliplesiaciiqmexiife liseniasRimdtetis 5% aybe a
dielectric such as silicon oxide, silicon .oxynitride, or_silicon nitride, for example. In the preferred
embodimeRtTitfe fift FssheriEdiH Chnverissds Siroratmrde-brsifss BB HEENSyer. [0048] A
second mask material 156 is then formed using deposition and photolithographic techniques to cover

the first m&&RCHRSferibto1SHc ALt st Hoav e rgion T 497 SR iy &pBimgeigpde 148 is preferably
etched away.
[0047] As shown in Figure 4c, arﬁrst mask material 154 is dcposited over the gate stack
146. The first mask material 154 may be a dielectric such as silicon oxide, silicon oxynitride, or |
silicon nitride, for example. In the preferred embodiment, the first mask material compﬁses a

* silicon nitride on silicon oxide multi-layer.

o [5048} A second mask miaterial 156 is then formed using deﬁosition and photolithographic
techniques to cover the first mask material 154 in the first active region 142, while exposing the
fitst mask matériai‘ 154 in the second active region 144 as shown in Figure 4d. The second mask
material 156 may comprise any masking material tﬁat is different from the first mask material

154. Tn the preferred embodiment, the second mask material 156 comprises a photoresist.

[0049]  An etching of the first mask material 154 in the second active region 144 is then
performed in the presence of the second mask material 156. The etching is preferably an
anisotropic etch done using plasma etching techniques. This resuits in spacers or liners 158
being formed adjacent to the gate stack 146 in the second active region 144, as shown in Figure

4e. The second rask material 156 may be removed at this point.

(00507 A recess with depth d 1s etched in the source and drai;l regions, as shown in Figure

4f. The etch may be accomplished by a plasma etch using chlorine and bromine chemistry. The



first mask material 154 in the second active region 144 as shown in Figure 4d. The second mask
material 156 may comprise any masking material that is different from the first mask material 154. In
the preferred embodiment, the second mask material 156 comprises a photoresist. [0049] An etching
of the first mask material 154 in the second active region 144 is then performed in the presence of the
second mask material 156. The etching is preferablysan anisotropic etch done using plasma etching
techniques. This results in spacers or liners 158 being formed adjacent to the gate stack 146 in the
second actl(yg%%fg& 144 as shown in Figure 4e. The second mask material 156 may be removed at

this point. [0 regéggeﬁlfﬂaﬁéﬁtﬁemmdﬁmtmmmﬁnd doanaERgiRns. asSHwn4n Figure
4f. The etch, my[,ga ccomplished by a plasma etch using chlorine and bromine chemistry. The 15

depth d of the recess may ramge Fdast @&ﬁ@@%ﬁgsfcﬁ@mm@a@uhﬂ@% angstoRseAnoptional
anneal ma)ﬂ { r]}g)rr{hed E% 6$|I|tate silicon migration to repair any etch damage as well as to ‘slightly
smoothen the silicon surfa %ggﬁﬁ%ﬁa&@qt%bmmqum 1100&k] Next, a second
semiconductor material 162 is epitaxially grown to at least partially fill the recessed region 160. This

can be accd¥glshedNesing setadtiveepiiaxial arauth; ﬂ?ﬁs%ﬁﬂ%& £33 US?F tp%ert the
g v

epitaxial growth may be chemical vapor deposition, ultra- high vacut c emica osition

(UHV-CVD; %Wmarﬁbeampmmma@m;@glgmcgﬁawgs@@cmaé(?ﬂ%a'sotXt d above the

surface of the channel region 164 of the transistor 132, forming a raised source an h structure

(not showﬁz’}JI HURETTEss preferredfembibdimantathe-serond semicanduch ggﬁagtggi | 102 comprises of
silicon gergggh ium with a germanium mole fraction between about 0.1 a 75 Th %e second
preferred Stfif¥gnERemical vapor deposition (UH V- CVD) or molecular beam epitaxy. The

epilaxially grown materials may also extend above the surface of the channel region 164 of the

transi . : -

ransistor 132, forming a raised source and drain structure (not shown). In the first preferred

embodiment, the second semicanductor material 162 comprises of silicon germanium with a

germanium mole fraction between about 0.1 and about 0.9. In the second preferred emmbodiment,

the latti
ce- mzsmatch@d zone is comprised of silicon- carbon with a carbon mole fraction of

between about 0.01 and about 0,04

[0052] The gate mask 152 covers the t top portion of the gate electrode 148 so that no

| epitaxial growth occurs on the gate electrode 148, The liner 158 covers the sidewalls of the gate
electrode 148 so that no epitaxial growth occurs. on the sidewalls, Epitaxial growth on. the gate

electrode 148 sidewalls potentially results in an electrical short between the gate stack and the

“source and drain regions 140,

005 i itaxi
[7 3] An optional cap layer may be epitaxially grown to cover the second serniconductor

matemgl 162. For example, the optional cap layer may cbmprise a first semiconductor material
126 in & .
» @ shown in Figure 4 g. The purpose of having the cap layer is to facilitate the subsequent

formation of a Jow resistance silicide in the source and drain regions 140,



the lattice-mismatched zone is comprised of silicon-carbon with a carbon mole fraction of between
about 0.01 and about 0.04. [00521 The gate mask 152 covers the top portion of the gate electrode 148
so that no epitaxial growth occurs on the gate electrode 148. The liner 158 covers the sidewalls of the
gate electrode 148 so that no epitaxial growth occurs. on the sidewalis. Epitaxial growth on the gate
electrode 148 sidewalls potentially results in an electigcal short between the gate stack and the source
and drain regions 140, [0053] An optional cap layer may be epitaxially grown to cover the second
semiconductor material 162. For example, the optional cap layer may comprise a first semiconductor
material 1gfsap showndHiouse.40) ;Bmmgg%&%&%@g hewcapdayver isdo facllifate the..
subsequent formation of a low resistance silicide in the source and drain regions 140. 16 [0054]
Following epitaxiai, gepwihgthe gate mask 152 can be removed. The liner 158 can be optionally
removed. [0055] The epitaxially grown first and second semiconductor materials, 126 and 162
respective Y213y be.in-situ doped or undoped during the epitaxial growth. If unr%lé)é)alled as grown, they
may be doped ubse%e%%ﬁﬂytﬁr@% DS SERAR e BNG e TP AR h LS ffg process. The
said dopants m"’%%tfe introduced by conventional jon i_mplantat_iog_, Plasma iImmersion ion implantation

(PITT), gas o sofid Gdtiree HIFGUROARSH Snyoisr (dmdtie e LS RAE S RHY implant

damage or, amo%){ ié%tion ca(i} be alrr*ltg‘{eal chthrough subsequent exposure to elevated temperatures. A
n

s AR BeHpsE P& B HEPRAHE L EHAH SRR b iSRS SETFe 8RR E0dy 128 and to

first shallow |¥nﬂﬁ

form the squrce/drain extensions, 14Q of the . ,
‘ Process” The sm&egopants mayqve;ntroduced by conventional ion implantation, plasma

immersion ion impl_az}tatioﬁ (PIID), gas or solid source diffusion, or any other techniques known
and used in the art. Any implant damége, or amorphization can be annealed through subsequent
‘exposure to elevated temperatures. A first shallow implant can be first performed to dope the

shallow regions of the resistor body 128 and to form the source/drain extensions, 140 of the

transistor 132, as shown in Figure 4h.

[0056] A spacer 170 is then formed, followed by a second and deeper implant.r The second
- implant additionally dopes the resistor body 128, and also forms the deep source and drain
regions 140 of the strained chammel transistor 132. The structure formed at this stage is shown in

Figure 4.

(06573 The resistance of the source and drain in the transistor can be reduced by strapping
the souxce/drain_ regions 140 with é Si}jcids 174, e.g., using a seif-aligned silicide (salicide)
process, or other metal deposition process. This is illustrated in Figure 4i. A mask, usually
corprising an oxide, is typically used pricr to the silicidation process to cover portions of the
substrate where silicidation is not intended. For a:{amplc, the oxide mask covers the first active
region 142 while exposing the second active region 144, A subsequent silicidation process
therefore' forms silicides 174 on the gate electrode 148, and s;ource and drain regions 140 of the

strained channel transistor 132, while no silicide is formed in the first active region 142 where



transistor 132, as shown in Figure 4h: [0056] A spacer 170 is then formed, followed by a second. and
deeper implant. The second implant additionally dopes the resistor body 128, and also forms the deep
source and drain regions 140 of the strained channel transistor 132. The structure formed at this
stage is shown in Figure 4i. [0057] The resistance of the source and drain in the transistor can be
reduced by strapping the source/drain regions 140yith a silicide 174, e.g., using a self-aligned silicide
(salicide) process, or other metal deposition process. This is illustrated in Figure 4j. A mask, usually
comprising an oxide, is typically used prior to the silicidation process to cover portions of the substrate

where silicidatossismial interged. Wﬂtﬁvﬁh oxide mask caovers the first active region 142 while
exposing the second active region 144. A su sedg%srll%:t%ri(lallcg%8%ﬁcﬁr3’@e}%%f9%?€ﬁ%éhf‘orms silicides -
174 on the ghtedelectrade 48, and source and drain regions 140 of the strained channel transistor

132, while no silicide is formed in the first active region 142 where 17 the resistor 124 is located.
While not sﬁygw, res§eor 1%1 tcontacts can be formed by the silicidation process. [0058] Next, a
contact etch stop layer 78! May tbeé%ﬁﬁ%&ﬂyﬁlp&\ﬁ/@@ﬁb?ﬁ@d@béﬂi&iﬂ@@ﬁﬁtmﬂﬂﬁwﬁﬂ@@ﬁwr 178,.as
shown in Fiﬂa%%ﬁi%n% tact holes 180 are then etched through the passivation layer 178, stopping on
the contact etch stop Ig%e?r%?%g. AU ettt tides Hikarirtoirbentacthnkes 180 to form
stor. 124 and the strained channel transistor 132 as shown in Figure 41.

conductive ; Si
[0059] In th%%ﬁ?ﬁq&%ﬁ?nﬁ?f"&’?éﬂsﬁfﬁ%ﬁmlgﬁ%iﬁ% vhrativel irdnststondnetintegrated inte:

filled ; i
filled into the contact heles 180 to form conductive contacts to the resistor 124 and the strained

channe! transistor 132 as shown in Figure 41,

10059] In the first embodiment, a resistor and strained channel transistor are integrated into
a single device. In the next embodiment, & strained channel transistor is integrated into the same
chip as a non-strained channe] transistor. Since the use of a contact etch: stop over the non-

strained transistor could result In strain, in this confext, a non-strained channel transistor is meant

fo include a transistor that is not strained using source/drain stressors.

'[0066] The second embodiment will be described in the coritext of an integration flow is
described for manufacturing an improved CMOS device. As before, the source and drain regions
are etched and then refilled of silicon, geraniurﬁ, carbon, or combinations thereof. The alloy is
deposited on the layer of silicon by a selective epitaxy process thereby creating a stress in the
channel of the transistor between the source and drain. The larger lattice spacing creates a

c .
ompressive stress and the smaller one creases a tensile stress.

[0061] Compressive stress improves carrier mobility of the PMOS transistor and degrades

- carrier mobility of the NMOS transistor, as shown in Figures 5and 6. Itis an objective of
certain embodiments of this inventién to separate n-channel and p-channe] transistors by
engineering the natare and magnitude of the strain in the channel region of the transistors. It is

esirable to induce a compressive strain in the channel of the p-channel transistor in the source-



a single device. In the next embodiment, a strained channel transistor is integrated into the same chip
as a non-strained channel transistor. Since the use of a contact etch stop over the non- strained
transistor could result in strain, in this context, a non-strained channel transistor is meant to include a
transistor that is not strained using sourceldrain stressors. [0060] The second embodiment will be
described in the context of an integration flow is deggribed for manufacturing an improved CMOS
device. As before, the source and drain regions are etched and then refilled of silicon, geranium,
carbon, or combinations thereof. The alloy is deposited on the layer of silicon by a selective epitaxy

process therelus eieaiing-asiassisiheschamel olibs iansislorbeiyeaniiasausa.ang drain. The

larger lattice spacing creates a compressive stress and the smaller one creases a tensile stress.

[0061] CompressivessyessimpsRves R rOeklAf he RMOS dansisios apd degrades. carrier

mobility of the NMOS transistor, as shown in Figures 5 and 6. It is an objective of certain

embodimentstefstiiisqnveriiar tReSLRMAE Rechamnel and p-channel transistors by engineering the
nature and magnltude of the strain in the channel region of the transistors. It is desirable to induce a

compress gam in t cha nelﬁgﬁ?ﬁ% -channel transistor in the source 18 to-drain direction and

compress ess TEETSF R SRS ROE Frseaidn vaRlinbsre s GRS tensile strain in the |
channel of zr&lchaém nS|s r in the soyrce- tg}wr]aln direction and tensile stress free of the
p-channel ltlra’f‘\sls . ?féjjzﬁ éarnﬁll%?ésr PSR B SRE B B BB A RVEIHBH. teaches a method
of integr é%% ?5@'”99 channel t]ﬁysstors of more than one conductlon type with minimal degradation
of carrier m .

[0063] Referring now to Figure 7, ﬁprocess ﬁow shoﬁfing the method of manufacturing
strained phamné:l transistors of multiple conduction typcs'with‘ minimal degradation of carrier
mobility is described. A semiconductor substrate 200, preferably a silicon substrate, is Ijiovided
and isolation structures 262 are formcd to deﬁne active regions in.the substrate. The isolation.
structures 202 mav be formed nsing standard shallow trench 1soiatmx1 (STI) proccsses Ior
example, compﬁsmg the steps of etching trenches with depths in the range of about ’)OO{) to
about 6000 angstroms, and filling the trenchcs with a trench filling d_iciectric material by
chemical vapor depasition to give the cross-section as sﬁown in Figure 7. The trencil filling
&iele:ctric 202 may be silicon oxide, for example. lon implantation may be performed to form n-
type weli Iegions_ZOdi or p-type well regions 206. Figare 7 shows two active regions: a ﬁrst :
active region ZOé where a p-type strained channe! transistor is to be formed, and a second active

region 210 where an n-type channel transistor is to be formed.

[0064)] A gate stack 212 is then formed in the first and second active regions 208/210, ag
shown in Figure 7. The gate stack 212 may additionally comprise a hard mask 218 overlying the
gate electrode 214, Th¢ gate stack 212 compn'se:s a gate elecirode 214 overlying a gate dielectric
216. The gate dielectric 216 is formed using any gate dielectric formation process known and

used in the art, e.g., thermal Ode&thﬂ, nitridation, sputter deposﬁmn, or chemical vapor



[0063] Referring now to Figure 7, a process flow showing the method of manufacturing strained
channel transistors of multiple conduction types with minimal degradation of carrier mobility is
described. A semiconductor substrate 200, preferably a silicon substrate, is provided and isolation
structures 202 are formed to define active regions in the substrate. The isolation structures 202 may
be formed using standard shallow trench isolation ($d1) processes, for example, comprising the steps
of etching trenches with depths in the range of about 2000 to about 6000 angstroms, and filling the
trenches with a trench filling dielectric material.by chemical vapor deposition to give the cross-section

as shown jn, OLgtliJGre %Jr}’e tregg_g filling dielectric 202 may be silicon oxide, for example. lon
implantatiort may be peronad i k3R ALty satndnirelio A @oaydre putiamet oEGionH206. Figure 7
shows twq@gg%gﬂe 'o@ns:t a dEi‘rllst active region 208 where a p-type strained channel transistor is to be -
‘formed, and a second attive Tegisn 2t PRHIFEIEN herfyE éivanrsiadinkigror isdodeitimed. [0064] A
gate stack 2%2 ﬁdtgﬁgoglo&ne rj!Qethe %}rss#\and second active regions 208/210, as shown in Figure 7.

The gate stack 212 may additionally Com BB S va dishdr gals Grlepingsembatetiotectrode 214. The
gate stack2l2,comprises a gate electrode 214 overlying a gate dielectric 216. The gate dielectric 216
is formed using any gate dielectric formation process.known and used in the art, e.g., thermal .
oxidation, aitridatiion, sputter deposition, or chemical vapor 19 deposition. The physical thickness of
the gate dféléttric 2Tberigy bditkeeiis rnerblto 4 0@nanpstiomerFheaate Halegic.246 may
employ a conventional gate dielectric sqch as silicon oxide and silicon oxynitride or a high permittivity
(high-k) gt HiBREHFiEosT Hohblimationsidtheraok), hafium oxide (HFO,), hafnium oxynitride

(HFON), hafnium silicate (HISi04), zirconium oxide (ZrOy), zirconivm oxynitride (ZrON),

zirconium silicate (ZrSiOy), yitrium oxide (Y,0s), lanthalum oxide (Laz03), cerium oxide Ce0y),

ﬁt@ium oxide (Ti0y), ?m_talum oxide (Ta;03), or combinations thereof. In the preferred

embodiment, the highk dielectric is hafnium oxide. The silicon equi.val-ent oxide thickness

(EOT) of the dielectric 150 is preferably less than about 50 angstroms, more preferably less.than

about 20 angstroms, and even more preferably less than about 10 angstromé. The physiéal

thickness of the dielectric 150 may be less than about 100 angstroms, more preferably less than

about 50 angstroms, and even more preferably less than about 20 angstroms.

{(}066} Af_ter the gate dielectric 216 is formed, a gate electrode material 214 can then be
deposited over the gate dielectric 216. The gate electrode material 214 can be comprised of
poly—crystalliuc silicon, poly-crystalline silicon germaninm, metals, metallic silicides, metallic
nitrides, or conductive metailic oxide. In the present embodiment, the electrode 212 comprises
_poly—érystalline silicon. Metals such as molybdenum, tungsten, titaniam, téntalum, platinum,
and hafnium may be used as the portion of the top- electrode 214. Metallic nitrides may include,
but are not restricted to, molybdenum nitride, tungsten nitride, titanium nitride, and tantalum
nitride. Metallic silicides may include, but will not be resiricted to, nickel silicide, cobalt

silicide, tungsten sificide, titanium silicide, tantalnm silicide, platinum silicide, and erbinm



[0065) The high-k dielectric preferably has a permittivity of larger than 8. This dielectric can be one or
more of aluminum oxide (A1203), hafnium oxide (Hf02), hafnium oxynitride (HfON), hafnium silicate
(HfSiO4), zirconium oxide (Zr02), zirconium oxynitride (ZrON), zirconium silicate (ZXSiO4), yttrium
oxide (Y203), lanthalum oxide (La203), cerium oxide CeQ?2), titanium oxide (TiO2), tantalum oxide
(Ta205), or combinations thereof. In the preferred ggbodiment, the high-k dielectric is hafnium oxide.
The silicon equivalent oxide thickness (EOT) of the dielectric 150 is preferably less than about 50
angstroms, more preferably less than about 20 angstroms, and even more preferably less than about

10 angstr idkhe-physical thi of the dielectric 150,may be less than about 100 angstroms,
OMRidthe: g&g]zﬁ GRSy il diglec ,Ibmg' FILRODe resiicled fo, mithenmm paide s

more preferably less than about 50 angs S, and’even'morep

angstroms;;{00e6] After.the gate dielectric 216 is formed, a gate electrode material 214 can then be
deposited over the gate dielectric 216. The gate electrode material 214 can be comprised of ,
poly-cryst%w(gu@silimn, poly-crystalline silicon germanium, metals, metallic silicides, metallic nitrides,
or conducti etalIi@héﬁﬁ%?lﬁ?ffﬁéﬁﬁiﬂé@‘éﬁi-%Hb@@frﬁ@mpwhieeémmmmmms spoly-crystalline
silicon. Metal%su_ch as molybdenum, tungsten, titanium, tantalum, platinum, and hafnium may be
used as th® FEHGH orRE dedlisarrdbe 2t g ciorstedicZ it s inedy lvohud)y bt deporitibresitricted to,
molybdenté ] nitridc?, tungsten nitride, titanium nitride, and tantalum nitride. Metallic silicides may
include, bit Wil ASt BETeJeenses &, #ickeraingde foobamesiicitiddugatstmtsibidestiitahium silicide,
tantalum Si"%:tige’éf}!%%'um rsoilicide and. erbium 20 silicide. Conductive metallic oxides may include,
but will nof be P& 5 Petre e Rie OB Hes il e idé material using deposition and

photolitho graphy tecﬁnig#ucs. Ths gate mask 21 8 may employ commonly used 'masking
materials fsugh as';' but not fimited to, siﬁcon_oxide, sﬂicon oxynitride, and silicon nitride. The
gate Biecftrode 2;4 8 _then etched using plasma etch processes to f_orm the gate électro'dé. Thé

gate dielectric 216 on regions not covered by the gate electrode 214 is preferably etched away.

[0068]  As shﬁwn in Eigure 8 a disposable film 220 is formed over the.ﬁrst and second
aétive regions 208/210. The-disposable film may be a dielecﬁ'ic fitm formed using a chcmiéal :
vapor deposition-process or sputter deposition. The disposable film may comprise ox:éde, for
example. I the prgfem:éd embodiment, the disposable ﬁlrh 220 18 betwéen aBout 10 and about

1000 angstroms thick, and more preferably between about 10 and about 200 angstroms thick.

[0069] A first mask material 222 shown in Figure 9 is deposited over the first and second
active regions 208/210 may be silicon oxide, silicon oxynitride, or silicon nitride. In the
preferred embodiment, the first mask material cornprises a silicon nitride on 2 silicon oxide

multi-layer,

[0070] Figure 10 shows a second mask material 224 formed over thé second active region
210 using deposition and photolithographic technigues to cover the first mask material 222 in the
second active region 210, while exposing the first mask material 222 in the first active region

208 of Figure 10. The second mask material 224 may comprise any masking material that is



[0067] The gate electrode material 214 may be deposited by conventional techniques such as
chemical vapor deposition. The gate electrode 214 may also be formed by the deposition of silicon
and metal, followed by an annealing to form a metal silicide gate electrode material. A patterned hard
mask 218 is then formed on the gate electrode 214 material using deposition and photolithography
techniques. The gate mask 218 may employ commenly used masking materials such as, but not
limited to, silicon oxide, silicon oxynitride, and silicon nitride. The gate electrode 214 is then etched
using.plasma etch processes to form the gate electrode. The gate dielectric 216 on regions not

covered bylifsrgpiE etetirdute Rhdimpesterably staled away awoﬁ%%gﬁo%&%ggf re 8, a

disposable film 220 is formed over thefirst and second active regions osable film

maybe a di8féeHt Fapfoanenhusingia chemical vapor deposition process or sputter deposition. The
disposable film may comprise oxide, for example. In the preferred embodiment, the disposable film

220 s betvmlpbou%(g@m[%a&%},i 000 angstroms thick, and more preferably between about 10 and
about 200 angstroms thick. [006 (I'El firdk E%%%%?%ﬁﬂa%%ﬁ BI5EKEWA IRyRE @ Bl laptsited over the

first and sqeofugmagtiventegions. 2084210 may be silicon oxide, silicon oxynitride, or silicon nitride. In the
preferred embodiment, tr?gfirst fask ]r%%t%% Al 251N Rithae Browiiinaoxide multi-layer.

[0070] Figunesa@ogm@t@@@g%n% ateri 4.formed over the second active region 210 using
deposition and photolithographic gﬁ%ﬁé@% COVEITAE: firtreitii i tipasolle spatses eecond active

region 210jnehilEsexpasing-the fiist.maskimaterial 222 iy the first active region 208 of Figure 10. The
second mask material 224 may c%trcnprise arﬁ%‘%r%gat%ﬁ%%iamgt@ﬁaﬁﬂéﬁ’g?¥gmn 208, as shownin .
Figure 11.

16072] After the disposable spacers 226 are formed, recessed regions 228 are etched in the ~
active area substantially aligned with the disposable spacers 226. A silicon etch chemistry can

be used as discussed above, The second mask materfal 224 may be removed after etching

(00731  Next, as shown in Figure 12, second semiconductor material 230 is epitaxially grown
to at least partially fill the recessed Tegion 228. This can be accomplished using selective
epitaxial growth (SEG). The epitaxy process used to perform the epitaxial growth may be -
chemical vapor deposiﬁén (CVD), ultra-high vacuum chen;u‘cél vapor depesition (UHV-CVD),
or molecular beam epitaxy (MBE). The epitaxially grown materials may also extend above the
surface of the channe] region 232 of the second active region 210, forming a raised éource and
-drlain 230 structure as shown in Figure 12. In the second preferred embodiment; the second
semiconductor material 230 comprises of silicon germanium with a germanium mole fraction
between about 0.1 and about 0.9. In the second preferred embodiment, the lattice-mismatched

zone 1s comprised of silicon-carbon with a carbon mole fraction of between about 0.01 and about |

0.04.



different from the fast mask material 222. In the preferred embodiment, the second mask material
comprises a photoresist. [0071] An etching of the first mask material 222 in the second active region
210 is then performed in the presence of the second mask material 224. The etching is preferably an
anisotropic etch done using plasma etching techniques. This results in disposable spacers or liners
226 being formed adjacent to the gate stack 212 in #2e first active region 208, as shown in Figure 11.
[0072] After the disposable spacers 226 are formed, recessed regions 228 are etched in the active
area substantially aligned with the disposable spacers 226. A silicon etch chemistry can be used as
discussed Bid6e. Th&@é&f&%ﬁ{a@l@ FraEETiReson nAR bl BB et SHEM A0 3] Next, as
shown in Figure 12, second semiconductor material 230 is epitaxially grown to at least partially fill the
recessed rBYiGH 2 S8 FRISEH PeLcsBrpmFRss %%ﬁw&é%@éﬁ%%ﬂ%%@?ﬁmﬂt@@@fﬁhe epitaxy
process used to perﬁ%rm the epitaxial growth may be chemical vapor deposition (CVD), ultra-high

vacuum chBmicaPbalor epssinsh VS . or molecular beam epitaxy (MBE). The epitaxially

grown materials may also extend above the surface of the channel region 232 of the second active
region 210[(@FAling &vdised sopiredApdvdraine236: struettire, dsshabvinlincFiftreri twlsecond
preferred embodiment, the second semiconductor material 230 comprises of silicon germanium with a
germaniumuaictelractionehetak énmbgudstandeatioutGrO-knithé3second preferred embodiment, the
lattice-mismatched zone is comprised of silicon-carbon with a carbon mole fraction of between about

0.01 and aWE]O'OA'ngepitaxiaﬂy grown first 200 semiconductor materials may be in-situ doped or
undoped during the epitaxial growth. If undoped as grown, it may be doped subsequently and
~ the dopants activated using ﬁ rapid thermat annealing process. The dopants may be intr@dgced
bj cdnvenﬁional ion implantation, piasma immersion ion implantation {PIII), gas or solid squrce
diffusion, or any other techﬁiqnes known and used in the art. Any implant damage or |

amorphization can be annealed through subsequent exposure to elevated temperatures.

[0077]’ Figure 14 shows the semicondictor device aﬂar further processing. A first shallow |
implantation caﬁ be pé:rformed on the structure of Figare 14 to dope the shallow re gi_ons of the
first and second tramnsistor source audr drain regions and t0 form the source/dréin extensions, as
shown in Figﬁre 14..

t0078} Spacers (including regions 244 and 246) are formed on the sides of the gate electrode
214. In one example, the s?acérs maj be formed By chemical vapor deposition of a dielectric
material, e.g., silicon oxide or siticon nitride, followed by an anisotropic etching of the dielectric
material to form simple spacers. Inthe example of Figure 14, the spacers are composite Spacers.
A composite spacer may comprise a dielectric liner 244 and a spacer body 246, The dielectric
liner 244 may be formed by the deposition of a dielectric liner material, e.g., silicon oxide, and

the spacer body material 246, e.g. silicon nitride, followed by an anisotropic efch using reactive



[0074] The gate mask 218 covers the top portion of the gate electrode 214 so that no epitaxial growth
occurs on the gate electrode 214. The disposable liner 226 prevents epitaxial growth on the gate
electrode 214 sidewalls. [0075] Following epitaxial growth, the gate mask 218, disposable liner 226,
and first mask material can be removed, forming the structure shown in Figure 13. [0076] The
epitaxially grown first 200 semiconductor materials #&y be in-situ doped or undoped during the
epitaxial growth. If undoped as grown, it may be doped subsequently and the dopants activated using
a rapid thermal annealing process. The dopants may be introduced by conventional ion implantation, =
plasma imdSEr&iBhrdn hisrirtatmhodmm ghs lors ol souroe adiffistond ey eipaiectighes kn own
and used i%the art, Any implant damage or amorphization can be annealed through subsequent
exposure toeezié\llélt% temperatures. [00771 Figure 14 shows the semiconductor device after further
processing. A first shallow implantation can be performed on the structure of Figure 14 to dope the

shallow redf8f8]of theTtirsvane secend ansistor seuise andidia

| Ee&éofasm%radust% farm the’ _
source/drain extensions, as shown in Figure 14. [0078] Spacers 5?10 uding reglon§ SF4 and 246) are

formed on meimmmme@atermgmmm%ﬂmgmwmQﬂ@ﬁ@f&@@&fﬁ%&pﬁyﬂ?%h@émed by

chemical vapor deposition of a dielectric material, e.g., silicon oxide or silicon nitride, follbed by an

anisotropidsichiigaofitheplietectria cﬁlﬁiﬁﬁﬁﬁbﬁ%f@fcﬁ'ﬂ@iW%&Ré’&ﬂﬁd@ﬁ'}%%ﬁ%lﬁg Figure 14, the

spacers are composite spacers. A composite spacer may comprise a dielectric liner 24%°3hd a spacer

body 246. el io-tindib24dimanbefamedbythe dapasiion shadieiRelisne paterial e.g.

silicon oxide, and the spacer body material 246, e.g. silicon nitride, followed by an anisotropic etch
using reackpéerred embodiment, a dopant such as boron is used. A passivation layer 248 is fortned over

the first and second active regions 208/210.

[0080] A third embodiment of the present invention will fow be described with respectto - - -
Figures 15-19. Figure 15 shows the structure of Figure 12 after further processing. In particular;
-2 source/drain implantation step has been performed as described above. In this case, the
implanted dopants extend through the second seniconductor material 230 into the first well

;egion 204. In this case, the _source/d:ain regions include second semiconductor matm;ial 230 as

well as the doped portion 240 of the first semiconductor material 200.

[0081] A third protective layer 252 shown in Figure ‘16, preferably a phoforesist, is then
formed using deposition and photolithographic teclimiques to cover the ﬁst active area 208 while . _
exposing the second active area 210. An etching of the first mask material 222 in the second |
active region 210, as described above, results in disposable spacers 226 being formed adjacentto

the gate stack 212 in the second active region 210, as shown in Figure 16,

[0082] Doped regions 240 in the first semiconductor material 200 are formed using doping..
methods described above. Any implant damage or amorphization can be annealed through
subsequent exposure to elevated temperatures. FFollowing a deep implant and the removal of the. -

spacers 226 of the ﬁrst and second transistors 23 6/234, an additional shallow implant can be



23 ion etching. In another embodiment, the liner 244 may be an oxide and the spacer body 246 may
be a nitride. [0079] The source and drain regions for the first transistor 236 are formed using ion
implantation while covering the second transistor 234. In the preferred embodiment, the dopant is
arsenic or phosphorus or a combination of both. The source and drain regions for the second
transistor 234 formed by using ion implantation whil24covering the first transistor 236. In the preferred
embodiment, a dopant such as boron is used. A passivation layer 248 is formed over the firstand -
second active regions 208/2 10. [0080] A third embodiment of the present invention will now be

describedpefitbriesnechie triguies 40t khiriguieibh sheows theistivdtanf Eigudaridiafter further
processing. In particular; a source/drain implantation step has been performed as described above. In

this case, 1he/zpnpianteddopants-axtancthroughighe.sgcond semiconductor material 230 into the first
well region 204. In this case, the source/drain regions include second semiconductor material 230 as

el a5 igigeed parion 260,81 41e et semicondycer matar 200, L00RH AdbighRraiegive lave

252 show gure To, pre photoresist, IS ormed using osition a

photalthographic fechnigues i cover the fistacive area 208 while, sxnesing e, seegnd active area

210. Ane g of the nask mate hfhé Second active region 210, as described above,

results in disposable_spacer ieing form jace ‘ i S d active
region 21 ?%%cgﬁ%ﬁ]a% @szrég]%g [0&8%5? 6p%@%%%o%éggz%pﬁ?%ﬁ?%g%z%%d%ﬁaﬁerial_200

are forme a%ﬁ%{gg%pg 4 methods desc_ribed above. Any implant damage. or amorphization can be
annealed throug , :

[0084] Figure 19 shows- an alfernate embodiment {vhcre the spacers 244/246 have been
cﬁmiﬂated. One purpose of the spacers in an embodiment such as shown in Figure 14, for
example, is to mask the source/drain 6xté>nsions (e.z., lightly dc}ped drain) during formation. of
fhe'hca\{i_ly @Pﬁd soufpe and drain rggion. As sﬁowu m Figures 16 and 17_, however, the heavily .
doped source and drain regions 240 afa formed prior to the formation of extensions 238. |
Accordingly, the sﬁnacers are not needsd for this purpese. In aﬂpther embodiment not éhown,
spacers or other sidewall Hﬁes can be included that do not allgn with the heavily doped source

and drain regions 240,

[GOSS] The resistaitce of the gate, source and dramn of the first and second transistors
236/234 can be reduiced by strapping the gate electrode 214, and source and drain regions
230/240 with a silicide 250, e.g., using a self-aligned silicide (salicide) process, or other metal

deposition process. These silicided regions are shown in Figure 18.

{0086] In the two embodiments described, a strained channel transistor is formed in the
same substrate as a resistor and another transistor. In another embodiment, all three components

can be formed in the same substrate.



subsequent expostire to elevated temperatures. Following a deep implant and the removal of the
spacers 226 of the first and second transistors 236/234, an additional shallow implant can be 24
performed to dope the source and drain extension regions 238of the first and second transistors
236/234. The resulting structure is shown in Figure 17. [0083] Figure 18 shows the semiconductor
device after further processing. Additional steps ma§ include forming a liner 244 and a spacer 246 on
the sides of the gate stacks 212 for the first and second transistors 236/234, and forming an etch stop
layer 248 covering the first and second transistors 236/234. [0084] Figure 19 shows an alternate

embodin@M Wherdnivtspackrdia4di2 4t havebaemtelimitatetnQnapupasaeitie.spacers in an
embodiment such as shown in Figure 14, for example, is to mask the source/drain extensions (e.g.,
lightly do&4 efeaind armgplermetioniof ithiessaadlyndopedisguigs anddiain rgian/As shown.in -
Figures 16 and 17, however, the heavily, doped source and drain regions 240 are formed prior to the

formatio 6 d¥tteAsidAe3dEEMABESEfindlyathi spacensiare diotneddsie dors thiscptisposa.dn another
embodiment not shown, spacers or other sidewall lines can be included that do not align with the
heavily dSPEHEauTEAtian deiaiirediRs 240, fOSE]THE 266R(ANEBINNE Yaetsduteesand drain of
the first and second transistors 236/234 can be reduced by strapping the gate.electrode 214, and
source SR IR EERORSOPI0IRE Bsith by sHicide 505 eyt husingeatscifatignethsiicids ¢salicide)
process, or other metal deposition process. These silicided regions are shown in Figure 18. [0086] In

the two é%&ﬁ%%@%&é@i%@?%@gtgm%mﬁmmmii_stt@rmd intimte as the

strained channel transistor.

[0088] In the foregoing specification, the invention has been described with reference to
- specific embodiments. However, vgrious modifications and changes can be made by one skilled
- in the art without _dgparting fr_om the scope of the préfemed embodiment. Accordingly, the
specification and figures aré to be regarded in an ﬂlustrétive rather than a restrictive sanse, and

all such modifications are intended to be included within the scope of the preferred embodiment.

[0089] Moreover, the scope of the-present application is not intended to be Hmited to the
?ari:icu_lar embodiments of the process, machine, manufacture, composition of matier, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the dflsclosure‘ ofthe presént invention, processes, machines, manufacture,
compositions of matter, meaﬁs, methods, or steps, presently existing or later to be developed,
that pen‘érm substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appeﬁded claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.



same substrate as a resistor and another transistor. In another embodiment, all.three components can
be formed in the same substrate. 25 [0087] In other embodiments, other components can be formed
with the strained channel transistor. For example, a capacitor is described in a pending application
Serial No. 10/627,218, filed July 25, 2003 (TSM03-0556). In another example, a diode or lubistor is
described in a co- pending application Serial No. 10828,020, filed July 25, 2003 (TSM03-0555). Both
of these applications are incorporated herein by reference. Using the coneepts taught herein, any of
the structures taught in the co-pending applications can be formed in the same substrate as the
strained C%@ﬂ@ﬂ@@fkﬁfgﬁ 38] In the foregoing specification, the invention has been described with -
reference to specific embodiments. However, various modifications and changes can be made by one
skilled in the art without departing from the scope of the preferred embodiment. Accordingly, the '
specification andAigtrEsaictey e agaRIsEh an illustrative rather than a restrictive sense, and all
such modifications are intended to be included within the scope of the preferred embodiment. [0089]
Moreover, the schpebiBEPEsEHaBplication is not intended to be limited to the particular
embodiments of the process, machine, manufacture, composition of matter, means, methods and
steps described it S HEIGHIRE DT BIRFHAK skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines, manufacture, compositions of matter,
means, methods *8F-SRpStBrdeBRiERSER T S8t Be developed, that perform substantially the
same function or achjeve substantially the same result as the correspon in%dembod' ents described

herein may be utﬂi%ﬁ?cﬁéﬁﬁ’ﬂa% i tméﬁ?g%ﬁh%ﬁsxstor ncluding a doped region forme

between two tcm:zlinais; and
a strained channel trapsistor formed in the second .active region, the strained channel
transistor including first and second stressors formed in the substrate oppositely adjacent a

 strained channe} region.

2. The chip of claim I wherein the channel region comprises 2 first semicenductor material
having a first natural lattice constant and the first and second stressors each comprise a second
semiconductor material having a second natural lattice constant that is different than the first

natural lattice constant.

3. The chip of claim 2 wherein the second patural lattice constant is larger than the first

natural lattice constant.

4. The chip of claim 2 wherein the first semiconductor material comprises silicon and the

second semiconductor material comprises silicon and germanium.

5. The chip of claim 4 wherein the trensistor is a p-channel transistor.



Accordingly, the appended claims are intended to include within their scope such processes,
machines, manufacture, compositions of matter, means, methods, or steps. 26 WHAT IS CLAIIVIED
IS: 1. A semiconductor chip comprising: a semiconductor substrate; a first active region disposed in
the substrate; a second active region disposed in the substrate; a resistor formed in the first active
region, the resistor including a doped region formed2tbetween two terminals; and a strained channel
transistor formed in the second active region, the strained channel transistor including first and
second stressors formed in the substrate oppositely adjacent a strained channel region. 2. The chip of

claim 1 V\merein’lihfeohnamﬂ'oehf@gi@ﬁeg@mgi§@§3§dfg§h§£@3{gggg%%m%r' | having fsi{_st natur;_a! .
lattice constant and the first and second stressors each comprise a second semiconductor material
having a sdsumidraturaldatiice constant that is different than the first natural lattice constant. 3. The
chip of claim 2 wherein the second natural lattice constant is larger than the first natural lattice
constant. 4. The chip of claim 2 wherein the first semiconductor material comprises silicon and.the

second s;e_miconglgggﬁ m@}gﬂg&m@ﬂssgfsiligon and germanium. 5. The.chip of claim 4 wherein the .
transistor is a p-channel transistor R QAR R meaterial is silicon and the second
semiconductor material comprisés silicon and carbon. |

8. The chip of claim 7 wherein the transistor is an n-channel transistor.

0. The chip of claim 1 wherein the doped region has a doping type that is opposife toa

doping type of a portion of the semiconductor substrate underlying the doped regibﬁ.

10.  The chip of claim 1 wherein the doped region has a doping concentration in the range of

about 10 to about 10%° e,
1. The-chip of claim 1 wherein the doped region has a n-type doping.
12.  The chip of claim 1 wherein the doped region has a p-type doping.

13. The chip of claim 1 wherein the transistor further éomp;ise‘s a gate dielectric overlying
tk_ze channel region, the gate dielectric comprising a high permittivity dielectric selected from the
group consisting of aiﬁminum oxide, hafnium oxide, hafnium oxvnitride, hafpium silicate,
zirconium oxide, zirconinm oxynitride, zircoziium&i’lica@, yttrium oxide, lanthanum oxide, -

cerium oxide, titanium oxide, tantalum-oxide, and. combinations thereof,

14.  The chip of claim 13 wherein the transistor further comprises a gate elsctrode overlying

the gate dielectric, the gate electrode is formed from a material selected from the group



27 6. The chip of claim 2 wherein the second natural lattice constant is smaller than.the first natural
lattice constant. 7. The chip of claim 2 wherein the first semiconductor material is silicon and the
second semiconductor material comprises silicon and carbon. 8. The chip of claim 7 wherein the
transistor is an n-channel transistor. 9. The chip of claim 1 wherein the doped region has a doping type
that is opposite to a doping type of a portion of the semiconductor substrate underlying the doped
region. 10. The chip of claim 1 wherein the doped région has a doping concentration in the range of
about 1016 to about 1019 cm 3. 11. Thechip of claim 1 wherein the doped region has a n-type doping.
12. The chip of claim 1 wherein the doped region has a p-type doping. 13. The chip of ¢claim 1 wherein
the transis%@?%ﬁ#ﬁe@f@ﬂ%mﬁg‘é@@@%%@fr%%ﬂWQ%Wﬂw Yielectric |
conmiprising a .high_permi,tti\(ity.diele'c'tric selected from the group consisting of aluminum oxide, hafnium
oxide, hafﬁi@hdre@ﬁyﬁ%ﬁ]é’éﬁﬁ%ﬁu%T?é%?é%@ﬁc%&ﬁﬁn@%%‘?%@%ﬂﬁm oxynitride, zirconium silicate,
yttrium oxide, lanthanum oxide, cerium oxide, titanium oxide, tantalum oxide, and. combinations
thereof. 14. The chip of claim 13 wherein the transistor further comprises a gate electrode overlying
the gate digfectriththigatéchiect odersi drmedfromiatimatirabisetaopee orpilkeegrsopireicEonsisting
of poly-crystalline silicon, poly-crystalline silicon-germanium, a metal, a metallic nitride, a metallic
silicide, a nubtathe.oxide, and combinations thereof. : '

16.  The chipof claim 1 wherein the semiconductor substrate comprises a semjconductor-on-

insulator substrate.



15. The chip of claim 1 wherein the semiconductor substrate comprises a .bulk semiconductor
substrate. 16. The chip of claim 1 wherein the semiconductor substrate comprises a
semiconductor-on- insulator substrate. Structure and Method of a Strained Channel Transistor and a
Second Semiconductor Component in an Integrated Circuit ABSTRACT OF THE DISCLOSURE A
semiconductor chip includes a semiconductor substrgge 126, in which first and second active regions
are disposed. A resistor 124 is formed in the first active region and the resistor 124 includes a doped
region 128 formed between two terminals 136. A strained channel transistor 132 is formed in the

second active regjag. e IARNFAON EIUEESA 1oL AN SEERdrSIFRTSRY i [PRGG{a the substate

oppositely adjacéent a strained.channel reqion ) . ..
PP yad a@emmon%ctor%ompon nt in an Integrated Circuit

ABSTRACT OF THE DISCLOSURE

A semiconductor chip includes a semiconductor substrate 126, in which first and second
active regions are disposed. A resistor 124 is formed in the first active region and the resistor
124 includes a doped region 128 formed between two terminals 136. A strained channel
transistor 132 is formed in the second active region. The transistor includes a first and second

stressor 141, formed in the substrate oppositely adjacent a strained channel region 143.

(FIG. 2)



