INTEGRATED CIRCUIT SYSTEM EMPLOYING RESISTANCE ALTERING TECHNIQUES
IECHNICAL FIELD [0001] The present invention relates generally to integrated circuits, and more
particularly to an integrated circuit system employing resistance altering techniqgues. BACKGROUND
ART [0002] Integrated circuits find application in many of today's consumer electronics, such as cell
phones, video cameras, portable music players, printers, computers, etc. Integrated circuits may

include a combination of ﬁ%&ﬁﬂﬁ%ﬁgfﬁ%%ﬁ{g&ﬂ ctions. [0003]
Mixed-signal, logic and RF integrated circuits often contain resistors to exert a desired control over
current in a particular part of a gelgtio (6, GIrGU E‘i’} i Wﬁ resistance value within a
resistor, a circuit designer typici:ia]%y moé#e@%%ﬁgng Eﬁaiﬁnallgrévﬁ e resistor material because,
as is well known in the art, resistance is directly related to the length of the resistor and inversely
related to the width of the resistor. Moreover, it is desirable to manufacture the resistor from a material

with a high sheet resistance value becausgpesiStRN&E, iSidirgstly related to sheet resistance.
Fortunately, for the semiconductor industry intrinsic silicon, which possesses a resistivity of about

2.5X105 wowsrame pade alteirtbihvaual thadpingduciienpidrpraiado.abtaiore sleskerngsistivity or
conductivity. [0004] Accordingly, extrinsic_poly-silicon is typically used to form resistors, not only
because tAdHESFAIRALG EVih LSRRI DS Freitiants drinslisd By HEbducing dopants, but also
because resistors can be concurrently formed from the same poly-silicon layer that forms the gate
structures of adjacent active devices. Unfortunately, concurrent formation requires additional special
process steps to alter the resistivity of theBré€iKIoR QA hd BAallow implants with reduced doping
concentration and reduced thermal budgets. However, these special process steps inevitably degrade
the poly-tRH1&1idniegfecdanit wigmbisdorppdidonemmntaany of today’s consumer electronics, such as

cell phones, video cameras, portable music players, printers, computers, etc. Integrated
circuits may include a combination of active devices, passive devices and their
interconnections.

[0003] Mixed-signal, logic and RF integrated circuits often contain resistors to exert a
desired control over current in a particular part of an electronic circuit. To achieve a
particular resistance value within a resistor, a circuit designer typically modifies the length
and/or width of the resistor material because, as is well known in the art, resistance is directly
related to the length of the resistor and inversely related to the width of the resistor.
Moreover, it is desirable to manufacture the resistor from a material with a high sheet
resistance value because resistance is directly related to sheet resistance. Fortunately, for the
semiconductor industry intrinsic silicon, which possesses a resistivity of about 2.5X10°
ohms-cm, can be altered through the introduction of dopants to obtain a desired resistivity or
conductivity.

[0004] Accordingly, extrinsic poly-silicon is typically used to form resistors, not only
because the resistivity of the resistor can be precisely controlled by introducing dopants, but
also because resistors can be concurrently formed from the same poly-silicon layer that forms
the gate structures of adjacent active devices. Unfortunately, concurrent formation requires
additional special process steps to alter the resistivity of the resistor, such as shallow implants
with reduced doping concentration and reduced thermal budgets. However, these special
process steps inevitably degrade the poly-depletion effect and transistor performance.

[0005] Thus, a need still remains for a reliable integrated circuit system and method of

fabrication, wherein the integrated circuit system includes a high resistance resistor without
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[0005] Thus, a need still remains for a reliable integrated circuit system and method of fabrication,
wherein the integrated circuit system includes a high resistance resistor without degrading transistor
performance. In view of the ever-increasing commercial competitive pressures, increasing consumer
expectations, and diminishing opportunities for meaningful product differentiation in the marketplace, it

is increagipelydesitical Hialoasameimbactound tadhese droblemmdMaieRyesnthe RYAribsisasing need to
save costs, improve efficiencies, and meet such competitive pressures adds even greater urgency to

the critic&l PRSUESSIN R DG B FSTRECIB RS A ProbIBYRE G0 R RSBIHRGISS fotHRS™ ms

have begstdane: sptekhhbiSiion devaIamapRiEhave nRIdaIIR M RUgYesicdRM SOt ARM, thus,
solutions to these problems have long eluded those skilled in the art. DISCLOSURE OF THE

INVENTIBRIG BT ERSe MsaNtinthentiuh HIeR s fstdg it Qrtuil By s meHitraiigs ptediding a
substratenipeludiog adipkrrRBIOHARRGLASeERRIFREOR:fRFMingeadirstdmdcerviar hedistyegian and a

resistance device over the second re%on; forming a first dielectric layer and a second dielectric layer
over the &0DEHARS FAMIVR IS BIBIFBFthe second dielectric layer; and annealing the integrated

circuit sypioUs IS Egimeve eoRrRE iiesBlthies resistases Kayvicou P03} Gabaiambpsiments ofibe
invention have other aspects in addition to oy in place of those mentioned above. The aspects will

become Hi5aFet tIFRGLEIsRIte SR R8s Ao U ra AP S th PSR A ARG RSB when
taken withhseéajianes ip direaaccompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS

DISCLOSURE OF THE INVENTION

[0007] The present invention provides an integrated circuit system including: providing a
substrate including a first region and a second region; forming a first device over the first
region and a resistance device over the second region; forming a first dielectric layer and a
second dielectric layer over the substrate; removing a portion of the second dielectric layer;
and annealing the integrated circuit system to remove dopant from the resistance device.

[0008] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with an embodiment of the present invention;

[0010] FIG. 2 is the structure of FIG. 1 after forming a first dielectric layer and a second
dielectric layer;

[0011] FIG. 3 is the structure of FIG. 2 after removing a second dielectric layer from over a
first device;

[0012] FIG. 4 is the structure of FIG. 3 after removing a first dielectric layer from over a first
device;

[0013] FIG. 5 is a partial cross sectional view of an integrated circuit system in an initial

stage of manufacture in accordance with another embodiment of the present invention;



[0009] FIG. 1 is a partial cross sectional view of an integrated circuit system in an initial stage of

manufacture in accordance with an embodiment of the present invention; [0010] FIG. 2 is the structure
of FIG. 1 after forming a first dielectric layer and a second dielectric layer; [0011] FIG. 3 is the structure
of FIG. 2 after removing a second dielectric layer from over a first device; [0012] FIG. 4 is the structure

of FIG. 3[alesremoving ddisstudigledriciaysratientauana {isst ey el daat 3. S is a partial cross
sectional view of an integrated circuit Sé:stem in an initial stage of manufacture in accordance with

another dMHGdikIERt ot srawEreinl b it remadnsistrenstictaraiones. Eoaey toring a
second diplgcisigdayer; [0015] FIG. 7 is the structure of FIG. 6 after removing a second dielectric layer

from over a first device; . i . ) ]
[0016] FIG. 8 is the structure of FIG. 7 after removing a first dielectric layer from over a first

device;

[0017] FIG. 9 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with another embodiment of the present invention;

[0018] FIG. 10 is the structure of FIG. 9 after forming a first dielectric layer and a second
dielectric layer;

[0019] FIG. 11 is the structure of FIG. 10 after removing a second dielectric layer from over
a second device;

[0020] FIG. 12 is the structure of FIG. 11 after removing a first dielectric layer and a second
dielectric layer from over a first region;

[0021] FIG. 13 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with another embodiment of the present invention;

[0022] FIG. 14 is the structure of FIG. 13 after forming a first dielectric layer and a second
dielectric layer;

[0023] FIG. 15 is the structure of FIG. 14 after removing a second dielectric layer from over
a first device and a second device;

[0024] FIG. 16 is the structure of FIG. 15 after removing a first dielectric layer from over a
first device and a second device;

[0025] FIG. 17 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with another embodiment of the present invention;

[0026] FIG. 18 is the structure of FIG. 17 after forming a first dielectric layer and a second
dielectric layer;

[0027] FIG. 19 is the structure of FIG. 18 after removing a second dielectric layer from over
a first device and a second device;

[0028] FIG. 20 is the structure of FIG. 19 after removing a first dielectric layer from over a
first device and a second device; and

[0029] FIG. 21 is a flow chart of an integrated circuit system for an integrated circuit system,

in accordance with an embodiment of the present invention.



[0016] FIG. 8 is the structure of FIG. 7 after removing a first dielectric layer from over a first device;
[0017] FIG. 9 is a partial cross sectional view of an integrated circuit system in an initial stage of
manufacture in accordance with another embodiment of the present invention; [0018] FIG. 10 is the
structure of FIG. 9 after forming a first dielectric layer and a second dielectric layer; [0019] FIG. 11 is

the structure of FIG. 10 afigsTemoyiorpRecarRAelectiuIRyEHE eRVaVRTeoI¢cond device; [0020]
FIG. 12 is the structure of FIG. 11 after removing a first dielectric layer and a second dielectric layer

from ove[(n30$t TR MOV G AR iSRRI BaS nsRFtioNal iew abandpte aratedigiteyitsystem
in an initial stage of manufacture in accordance with another embodiment of the present invention;

[0022] FIt8e 4 [ thakendiise Bremnsentonsly idinhin gadardearkbatatheraphedinesst uioy! diBfectric
layer; [00234drGad&iisiReSrusth @0t 5iGre 1 4naftBhr BroQN BraReReRk dickastis laxeblamdver a

first device and a second device; ) )

without departing from the scope of the present invention.

[0031] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0032] Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing FIGS. Additionally, where multiple embodiments
are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0033] The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the substrate, regardless of its orientation. The term “vertical” refers to a

2 3

direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,

99 (13 9% ¢

side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and

2 13 99 ¢

“below”, “bottom”, “top”,
“under”, are defined with respect to the horizontal plane.

[0034] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0035] The term “on” is used herein to mean there is direct contact among elements.

[0036] The terms "example" or “exemplary” are used herein to mean serving as an instance
or illustration. Any aspect or embodiment described herein as an "example" or as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects or designs.

[0037] The terms “first” and “second” as used herein are for purposes of differentiation
between elements only and are not to be construed as limiting the scope of the present

invention.



[0024] FIG. 16 is the structure of FIG. 15 after removing a first dielectric layer from over a first device
and a second device; [0025] FIG. 17 is a partial cross sectional view of an integrated circuit system in
an initial stage of manufacture in accordance with another embodiment of the present invention; [0026]
FIG. 18 is the structure of FIG. 17 after forming a first dielectric layer and a second dielectric layer;

[0027] Fifg03®) isnbecpiuaiyeaf hiGsdBrrian iamavintiaderondidisireida axeliirtmpyanaifirst

device and a second device; [0028] FIG. 20 is the structure of FIG. 19 after removing a first dielectric

layer frorAfdUePEEHFRE HEGREPT AR 2 euddnee et e 20 e e {uiswseHart of an integrated
circuit sypyeBsyforan itagratadsiiaiteyStaitadieAsaesdancarwiihméhimpadiment oidhe peesant

invention, BEST MODE FOR CARRYING OUT THE INVENTION .
includes a structure or element that has its physical properties affected by a stress
memorization layer.
[0040] Generally, the following embodiments relate to the formation of a resistor including,
but not limited to, a high resistance resistor within an integrated circuit system. In some
embodiments, the resistor can be manufactured by utilizing strategically engineered dielectric
layers that block the deposition of low resistance electrical contacts, while promoting the out-
diffusion of dopants from within the resistor. In other embodiments, a hydrogen doping
process can be employed in conjunction with the strategically engineered dielectric layers to
further enhance the out-diffusion of dopants from within the resistor. In yet other
embodiments, the strategically engineered dielectric layers can also induce stress
memorization within adjacent active device structures, thereby enhancing active device
performance.
[0041] FIGS. 1-8, which follow, depict by way of example and not by limitation, an
exemplary process flow for the formation of an integrated circuit system and they are not to
be construed as limiting. It is to be understood that a plurality of conventional processes that
are well known within the art and not repeated herein, may precede or follow FIGS. 1-8.
Moreover, it is to be understood that many modifications, additions, and/or omissions may be
made to the below described process without departing from the scope or spirit of the claimed
subject matter. For example, the below described process may include more, fewer, or other
steps. Additionally, steps may be performed in any suitable order without departing from the
scope of the present invention.
[0042] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of multi-electrode devices in which the current flowing
between two specified electrodes is controlled or modulated by the voltage applied at a
control electrode. Exemplary illustrations may include an n-channel field effect transistor
(NFET), a p-channel field effect transistor (PFET), a complementary metal-oxide-silicon
(CMOS) configuration, a single-gate transistor, a multi-gate transistor, a fin-FET, or an
annular gate transistor. Additionally, it is to be understood that the integrated circuit system
of the present disclosure may include any number of resistance devices with varying

resistance values formed by strategically altering the process techniques described herein.



[0030] The following embodiments are described in sufficient detail to enable those skilled in the art to
make and use the invention. It is to be understood that other embodiments would be evident based on
the present disclosure, and that process or mechanical changes may be made without departing from
the scope of the present invention. [0031] In the following description, numerous specific details are

given to pigvidenfiRoNoNdb sndgastadinenaf e BMaBHOBS Heweaveraktyilkba aRRRIgRIhatsae
invention may be practiced without these specific details. In order to avoid obscuring the present

inventionPSBATEdALI9BS oA PRUA TS MM WhishgtRulibRe, ssRarpicstaue dndividvalnds alekisked in

detail. [0Q&}awisenithedraviBgs shawing.epbrodbreRtRf the system are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and are shown

exaggerafidH WedTH}ﬁiHB’YYIé‘S.FA%diﬁoﬁ%‘fﬁ?}‘%lﬁ%rﬁlmﬂBlé’%t%oﬂ‘iﬂ%érﬁgca@ﬂis\i‘l?ﬁeafa%

describeghbayingisemsfeaidtes in @@mman, ifetislagityand eassuefdisstiatiabeslassptions and
comprehension thereof, similar and like features one to another will ordinari!i/gbe described with like

referencé MBRTLRAE! Do PHSRIANVABHBntdinGdNisTd R retrr Wt darirde 190 belhded ittt the

conventigaabplang aidshfasm @t sulstraiessaaasaipssiMkis ofieTialiaagibhe termay eitikale refers
to a direction perpendicular to the horizontal as just defined. Terms, such as "on", "above", "below",

"bottom” 240p MG RRSNE Hevifge Ao RRFRBE TR O+ PP clilR PAsSRE 4RSS, APePfifined with
reSpeCtlt@rﬂbﬁdlﬁ{éZ@ﬂtﬂh@ﬂi‘@- 1684 ] 1T12erfﬁ|3gﬁﬁ@€m§5ﬁi6@" pﬁ@&ﬁdrlneraﬂy ilﬁﬁl%?@ﬁ ﬁliemﬁ'ﬂliion ?]f
material oy photoresist, patterning, exposure, development, etching, cleaning, and/or removal of the
material SIFGHOMTSIAF s Pt AR FHFFAM] U A ANV 1H6S S S Eh s S9RTRl Gded

herein togneasnithaed iByliRct cRaacippIang:elerveints. JROB6JId hedennse@ampleoon laxemplary”
are used herejn to mean s,e@{ig& as an instance_or iJlustration.. Any aﬁgect Qr embodiment described
herein ad S ExdRopePBHEY AEXe ATBIARM RO RELEEBSFRiITTH %SOS8 prstanrsd aes
advantageeusdusr Qthaedspectaiesrirsigrs. ff237 Thabaioes "fiestridpd seennd” Rsiyses berein are
for purposes of diffe entiﬁltion between elements 0']'3 and qre not to be construed as Iimiting the scope
5IQ% %ﬁt e integrated circuit system 100 can be used within processor componeits,
of the préS&ft .
memory components, logic components, digital components, analog components, mixed-
signal components, power components, radio-frequency (RF) components (e.g., RF CMOS
circuits), digital signal processor components, micro-electromechanical components, optical
sensor components, and so forth, in numerous configurations and arrangements as may be
needed.
[0044] The first region 102 and the second region 104 are formed within or over a substrate
106. By way of example, the substrate 106 may include any semiconducting material, such
as, Si, SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other III/V or II/VI compound
semiconductors, as well as silicon-on-insulator configurations.  Additionally, the substrate
106 may also include doped and undoped configurations, epitaxial layers, strained
configurations, and one or more crystal orientations (e.g. - <100>, <110>, and/or <111>
orientations), which may be strategically employed to optimize carrier mobility within NFET
and PFET devices. The substrate 106 may also include any material that becomes amorphous
upon implantation.
[0045] In some embodiments, the substrate 106 may possess a thickness ranging from about
one hundred (100) nanometers to about several hundred microns, for example.

[0046] However, the examples provided for the substrate 106 are not to be construed as

limiting and the composition of the substrate 106 may include any material, configuration, or



[0038] The term "system" as used herein means and refers to the method and to the apparatus of the
present invention in accordance with the context in which the term is used. [0039] The term "exhibiting
the characteristics of stress memorization" as used herein includes a structure or element that has its
physical properties affected by a stress memorization layer. [0040] Generally, the following
embodimenierHalaie e HigJRimatian afiaciasiator nshsingbismatlismited dev Ahislassistance resistor
within an integrated circuit system. In some embodiments, the resistor can be manufactured by
utilizing FXEGREIS EhRYineered dielectric layers that block the deposition of low resistance electrical
contacts,[ggatg prometinagthe awsdifusien ffrdrEantefram withiorthenasistey. Jonsthes erbosgiments, a
hydrogen doping process can be employed in conjunction with the strategically engineered dielectric

layers to SORYRATOARA AR IS REIFRIOH BPALARRS B vt HENS TSIy &gt in the

embodimgpissdhéustrrtp@icaliyngnainseredodigle Giia ldy@izCcan Algteinduss piasseragmeizatipn within
adjacent active device structures, thereby enhancing active device performance. [0041] FIGS. 1-8,

which fol R\ CRPRAA LY B d¥ahsisn St R Sy THHSRIORS ShBRENTHIART Hrbe¥iciot ik e

formationiefias, inegrateebaitsiiitrysiaseandithey are Mo 2060 iR s MdiNg JhdSoiothe
understoqd that a plurality of conventional processes that are well known within the art and not

repeated HeFEM 15idy HrageBis S follow FIGS. 1-8. Moreover, it is to be understood that many
modificatjos8 priditianrsala e iemissiens M8amdednade i theohal@uslargebed prosesshainaut

departing, from the scope or spirit of the claimed subject matter. Foy example, the below described
process ?Ha‘k/ TS o?épf’é?ﬁfelr,l%’raofﬂglfcgfgf?épﬂﬁ%ﬂ%ﬂ%ﬂ%os?é’ﬁ{sarﬁ%‘y‘i%dﬁ%lﬁ(}%ed in any suitable

order witpgou9japasting feambdhensaeneaief thedrasenidnventionmiA0sdhMesaoveiofas igakgials

appreciated that the integrated ciycuit system of the present disclosure may include any n er of
ul-ele U R IEBEdn R B VRO o VAR Ao Skt Cle GFREL  BIMYolled or

modulateghypheuvdiage sipdied ahagoatiateleetraus:, Rxdmptrryollustmtibiatoaytipetddefan
n-channel field effeIct transistqr %ET&%, ﬂ“%-chang | field effect éﬁﬁgﬁgistor (PI?FT@? comp,lelmentary
metal-ox @& LMEon (\:?\5?6%% AREF Ao A S &gl SRS ANILIOM IS ARNHCGATE PRSI 4 f-FET, or
an annulaoggtsitiansisiobeddaitio aallyphida daipenuinasiisiaadithal leednte dialedrzircul sysiebs of the
present disclosure ma incﬁde ny number of resistance devices with varying resistance.values
formed by At e S B R s L A e o BRI L 8 e
understoailritiat ardioomerklehibediitagdateddireuiiighistedictautt hrapraplacee at one linmen a
medium,é/ ich could be se%arated into, individual or.aglti le inte rat(tad ciﬁ:uit ssemblies at a later
stage of fABIERt R TOGA 5 REFHHRY WS BIE" 2X4Hereth I SHBWK BT Urod oS bnA View of
an integraied aindeitsystehatltlo ipparohitialesiagah ofemanufbeteie ididecoidangaswith Ameedaodiment
of the pregen invention. 'i'he iptegrated}gir(iyit sg/st%gm 1Ot0' in([‘ es a firs rgrgion 102 tandlat etcond
region 104° 1R°SS & EBSdmeht e frst r%g% i El?ﬁarll includé®ctie's da|cr)l sSRE d8vics and the
second regiaritd Qdlucayindluddpassiveheelices] N oheeenbggiropnis; thétdgstsegidied 02 tiay
include, mare particularly,. any number of multi-electrode devices in whjch the .current flowing between
two specﬁ?é% 1e g'ctr%ﬁ%oslﬁéné%t%ﬁéﬁ%?t%ba SUIéXfelckae \?oh%%‘gnabopﬁi‘éocf‘ %tq'%lﬁ:%dr’l Pofl%ﬁea&rg(ge and
the seconrdteagiormir®d may il bdesmbfer gas tpawdarly), anltheipHvediefaasistalite devices with varying
resistan formed t{{ strategically. alterin process techni escribed herein, It is to be
mdorotol R MR e R Sy s 206 (At B s Rt b a6 B nemory
componeiia) laggs tocampank tis, thigktad ssovfi pln gats  divlatdgoc b 2pe et emixiedsihah gemoponents,
power compapentsjadiodrequeney, (RE) components fc. g, RE.GMOS gireish gl sonal.
processor componenf‘s,gmlcro-elec rfomechamical componentcs, op%ca sensor components,~and so
forth, in nlieheroiesd@ndigyrbtiapprapd aerdagenhienteomshmdysim npeci€idations of the first device
108.
[0051] The liner 116 may include dielectric materials such as an oxide, a nitride, or a
combination thereof, but preferably includes silicon dioxide. The spacer 118 may also be
formed from conventional dielectric materials such as an oxide, a nitride, or a combination
thereof, but preferably includes silicon nitride. However, it is to be understood that the type

of materials chosen for the liner 116 and the spacer 118 are not limited to the above examples



[0044] The first region 102 and the second region 104 are formed within or over a substrate 106. By
way of example, the substrate 106 may include any semiconducting material, such as, Si, SiC, SiGe,
Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other IlI/V or II/VI compound semiconductors, as well as
silicon-on-insulator configurations. Additionally, the substrate 106 may also include doped and

undoped gRNfGYraliong eRitaxiablayers peANRLRRfigH AieRfHRBE MR AE e slyRIahaligntations
(e.g. - <100>, <110>, and/or <111> orientations), which may be strategically employed to optimize

carrier mBbHS R Nigie 1 2haliseecrtadicsracehd KindMARe 196 ihisyfake drraeath{batdlsial that

becomesiaeREgYS JABR B k| ARt JRQ4R] pRRMEIEWRPIUNERISh e gedast afR Bamay possess
a thickness rar%ging from about one hundred (100) nanometers to about several hundred microns, for
]

example jdb2 618 G568 Qe examples provided for the substrate 106 are not to be construed as

limiting a[y$2¢ TRePRSItiaevRfthRsulsiyatestOf flaseingiide @oy materialerfiguradiamdoribickness
that physically and electrically enables the formation of active and/or passive device structures. [0047]

A first detRUESEO8AA H P IRreb a8ty Withinlthesdsrthe 10895y LanveHEBHaN detbsition,

patterninghagheéofshasiaphy, andeichisigieshniqURSKBON¢BtHenSeMigdiwinrrasesengdndustry
for the manufacture of active and/or passive devices. In some embodiments, the first device 108 may

include ofEGEIIGIE dfa PHETeRRATE CAN BIe 1S R IE UR SFIF R I8t tEh Rt 3 &P icmos

device), euatethauh ety eanembihe finst' tevice h0Bissiapicied’ 084S ganevwalvihe ditgirdgvice 108
includes a gate 110, a gate dielectric 112, a channe] 114, a liner 116, a spacer 118, a source/drain
extension T3F aAANS CHHEHIAYL DS . fé%ag}%eg he dRBoMindMBUHY g5td £IE sy ttmed

from conygatifioal snaterials firel uidin gedinyse dTiad paapesisemic aoah cling dnaigdali (Suehsas for
example, polySi, amorphous Si, or SiGe), a metal, a metallic allpy,. a sjl icﬁe, or a combination thereof,
for examibad RS GRS TR, tRBF g SE MW 49 Ao IR i ORI 05 R & O
compositippethaphetonfos amunsusevpenipaiationpuigegate dipMOgcitikenayihe made from
materials ingcludin%, %Jt rljogt Iimited/ 0,.silicon Qxidi%ailico ox&nitr%%r?, sili(fj:l%[rl.nitri e, a silicgn.
oxide/nittEFSER SRRl KRB HHE MR AT AN - S A Y a0 e SRUEEHE e
greater tharsiicon o¥ide)her gacomivinakqnbidtere dodnnkgevias, lihis to Ise anadarstgnddhdtigyedype of
material chosen for the gate dielectric J]I]%Z Is.not limited to_the aboyve examples; for example, the gate
dielectric LT RSO BRI LA AP SR RSB R SPR RArE &bt CHIRAIL 14 when an
approprigi®sd]jtagsdmapptivodigntiesgake soldcAdcondinglycather mgiedats, iwbispaseaylheé. knawn to
those skilled in the art for gte. stlilﬁtures, may. aIIlso be used for the gtate 110 .and the gate dielectric
112. general, the sourcée/drain may be of the same conductivity“type as the dopants used to

form the source/drain extension 120 (e.g., n-type impurities for an NMOS device and p-type

impurities for a PMOS device). Exemplary energies and concentrations used to form the

source/drain 122 may include an energy between about 1keV and about 150 keV and a

concentration between about 1x10'¢ ions/cm? to about 1x10%? ions/cm’. However, larger or

smaller energies and concentrations may be used depending upon the impurity used and the

design specifications of the first device 108.

[0054] In yet other embodiments, the implant energy used to form the source/drain 122 must

possess sufficient energy to amorphize at least a portion of the substrate 106 and/or at least a

portion of the gate 110 of the first device 108. An implant with sufficient energy to

amorphize at least a portion of the substrate 106 and/or at least a portion of the gate 110

allows a subsequent anneal step to transfer/memorize a stress to the gate 110 and the

source/drain 122 during recrystallization, thereby promoting stress within the channel 114

and improving active device performance.

[0055] In some embodiments, a resistance device 124 can be formed over, on and/or within

the substrate 106 by conventional deposition, patterning, photolithography, and etching



[0050] Generally, the thickness of the gate 110 is between about 500 angstroms and about 3000
angstroms and the thickness of the gate dielectric 112 is between about 10 angstroms and about 50
angstroms. However, larger or smaller thicknesses of the gate 110 and the gate dielectric 112 may be
appropriate depending on the design specifications of the first device 108. [0051] The liner 116 may

include diglagitcenatapale SHChRS ahfxidauédlitriiecQsmeombinaiordhareofnhinupiaiatably

includes silicon dioxide. The spacer 118 may also be formed from conventional dielectric materials
such as ZALOKIPES it RO AMBFRIEEEFRe st rpttBReferabigRindnhda8 ShidBrmMat A HBwever, it
is to be uRdrEstROgthaliihe ypeweh mateialsishosencioidbadineddenaad WhecapaseeibiBiasgynot

limited to, the above examples and mag/ include an]: material that permits electrical isolation of the gate

110 and FPRSRMOr PRPEUSH BfarsTF e iged 1orHErEp e it glevieredier PPy tndferstood
that the thickiessHomeass eidhedinetd 10 e nthinsesRade frbhBanilb)aiyvivviiathRderiBAspasdications

of the first device 108, [0052] The first device 108 may also include the source/drain extension 120

and the SHOFEdFaN O folin s HRRALIME S dDE 1 b SN Eheral the [SduPRRY AR % ténkigh 120

may be fasmeshte fesRaiovaeribrdthichlaveseneepvatienofsapyises salativgitathe source/drain
122. More specifically, the source/drain extension 120 may include a dopant concentration between

about 1xIRE I HE Bt EXES A SRIEMSE HiotvEvEIO YA br SmAftel A dhediatioHE may be
used depry¥liig@ Upendbe tRepeiity Lsediandaeeddgsigncspetifigations afiheaficstklevier 4081 ghe
impurities used to form the source/%g)ain e.xteniion 120 may include n-type or p-%{g}, depending on the

first devidBIR KA RS AOOGYE G IPEME AL LA T dedcs Hhtip el misaritss for a

PMOS deyiesy sliistigdbeosnderstood dhniithe sopseekiratuextangiprndsa9 sapshefaspesibgaligning
the source/drain extension 12%‘;[0 the gate 110 ihg% hefore forming the liner ilG and the sﬁacer 118)

or subsedﬁ‘é‘r’ﬁﬁ&?ﬁﬁ’i’?ﬁﬁ&ﬂﬂéﬁ &Y B8 ARPtHES etP‘if@IB?é YIRS afidred NAHEB053] In
some embadinasy) e Qe Azid eande alignesttackheispaiercid8nis gemeraitstiievice

source/drgip 122 may be of the same conductivity type as the dopants used to form the source/drain
extensiorjr?i%@?é’.énh%e-k)%e %Hﬁﬁ?@E%P%awg§g§§W&%déﬂHdeﬁ%épe impurities for a PMOS device).
Exempla[g(s7¢hiesastehodantiakont ysesd 1ofamibecspiuaesdiaiicd 22 mayyrisiugearenergy
between %]bo t lkeV and about 150 ke\%fnd ?conc%ltration gﬁtweig bout 1x1016 ionsg:én3 to about
1x1022 iONs/EAPITHARRYEE, FARSE o Stalfer 8RB 1SS StiEoHEEhtratioAR NP4y Be d8¥EUEREhding
upon thedxigisiiby USed teckbyeadesigel spactiicating sesidaadirsif davieesikOhci0asdLen et atner
embodir;\ents,. the ilgnp?nt e er%ﬂ t%sed to form the H%)urce/drain 1 2.mu§t%%0qu?ss st fficient energy to
amorphiz& Bt 1E%st X pSiH o e AbS ke 108 a0 HrIEAS: &' poftton of the §¥te ¥16'5F &l first
device 1QBeAfidiiplandiiiib aubficiead erenglysiz@marphizerat leashgl@atiorvfthesdbsitaté2106
and/or at least. a poytion of the gate 110 allows a subsequent anneal step to transfer/memorize a
Rl 4B SR ios’ s

stress to %@lggltce PeBRraiy (‘ﬁJriﬁgprJé r;r/féstg’ﬁ?zrati‘gn? Hare f’/ﬁféﬁ%ti P4REss
within the ewnnetibi4vathéhithpraving ldciivéudeyice prdonmancbe (0O&Ehbowomeeribadimenss, a
resisancg deviee 24,630 b ofed ovey,on andior o the SRR 10504 S YERIoRsY
upon the impurity used and the design specifications of the resistance device 124.
[0058] It is to be understood that the resistance device 124 operates according to what is
conventionally known in the art.
[0059] Referring now to FIG. 2, therein is shown the structure of FIG. 1 after forming a first
dielectric layer 200 and a second dielectric layer 202. The first dielectric layer 200 can be
formed over or on the integrated circuit system 100. In some embodiments, the first
dielectric layer 200 includes an insulating material such as an oxide grown by wet or dry
oxidation techniques. In other embodiments, the first dielectric layer 200 may include an
oxide deposited by chemical vapor deposition techniques. In yet other embodiments, the first
dielectric layer 200 may include a low temperature oxide film deposited by reacting silane

with either oxygen, nitrous oxide, or carbon dioxide at temperatures below about 800 °C in a



techniques known in the semiconductor processing industry for the manufacture of active/passive
devices. More specifically, the resistance device 124 can be formed over an isolation structure 126,
such as a shallow trench isolation structure, which can electrically isolate and/or separate the
resistance device 124 from the first device 108. For purposes of illustration, the isolation structure 126

may be rpadiom @tﬁleie@ts'tﬁéﬁaiﬁts@i@&hsa%iEﬁ@ﬂcﬂ@é@dﬁ‘c( RO2H0megMe RO agimRNde, the
resistance device 124 may include a high resistance resistor, such as one with a resistance value

exceedin B0t SIFRRLER, HEN 0 RIBPOFARIS BRGFEIFthaNS JRASEE devivadme disoBudsngny similar
to the firsigievief408 @ashiachideas e galeddbsdie1apie TielecttestABedna fner 316 andhg spacer

118, thereby enabling_concurrent formation of the resistance device 124 with the first device 108 on
the subsft&"2l86 th?%‘ﬁ%b?éﬁ?ﬁ%ﬁi?ey?é;?@%%}’d& YrestBislsscaagiatkFeeathash s dig 19 Binilar

referencequspless@ansiabindnclude the same characteristics (e.g., composition, thickness, function,
process technlques etc.) as those described in reference to the first device 108, and, therefare, their

descriptibfi&e QleSHBE TR e ih fobEYdislsoiHe ]é‘ﬁf%o?dmaéh?ss‘fﬁ%UGzﬂlflffWSf &R tance

device 124nmpytemexpesaddodheatdopantdivielant Nigeesuisad o ies renine Ealsias/draiketdddand/or
the source/drain extension 120, thereby adversely altering the resistance of the resistance device 124

(i.e.. lowelGetHS Heghe s bidRven Arlanime et sHER Het R 5 SERISIFHRY dR¥igrrssure

SpecIflcaﬂﬁa’m@altheamegdeﬁeﬂlﬁwﬁu IsBsten) 1@D)pﬁ@maxemﬁha;et@edfesiﬁbanceagewQel&%élumay

include a heavily p-type doped (i.e. - p+) resistor, wherein the p-type dopant concentration within the
gate 110 P A HCER R B R oG IEEO1S e A B Bt 6% SIS,

Howeverfilatgaesysamplley Gaprenti@tioqns énaﬂnbelusepbde@@aﬁiﬁgru qmmemnpu ity yaeddod the
design specifications of the res cf Ence device 124 OOSSIM a;n 0 be understood that the resistance
rafig 8

device 15 BRI 2t {klostis Loy aify S RETLE, (30 ERGEIFh Y WY to FIG.

2, therelrtdmpaevmmem dsuateyeaaf Frk(aet&nait% fmmﬂgza tirstrdietaet el ay@ Q0 aﬁdoer&eamd
dlelectrlcl 02.. The first d|e ctrl er 200 for ed oV ror flg] |nte ed circujt system

100. In sg %Bh%é?ﬁs%ﬁ%l Et CAF 0 |ﬁ8 é’§§ ?ssﬁﬁﬂ S an
oxide grqvmdayrwehyﬁrcn@mmd@ﬁ@meeramue&dm tatheas a@b@dﬁmeliﬁg tt@mﬁesm@leqiméamc 200

may includ gean oxide deposited. bﬁy chemical vagft‘r)]r dggosm n technl% %pget other eéﬁ odiments,
the frst ILTAE e SRR AR BTN tHmSEPAIL & ol Y W ULREA by Rty dane with
either oxylgesiibadrausloxide, Iarceadbain tiosddendtdrisperatuyes 1danaahaut 8QRitkAAs phaging. In still
yet other mbodlmg?ﬁ the first dlel ctrlj er 200 may include any oxide that is deposited using
tempera PR SOre NP PG ?éli a?)ﬂ?ﬁ 7¥"he hydrogen concentration trapped within the
first dielef@oelhyieraddicsldestivdaddnts; | theSsdByndadicit exanpler theXiistdialecticlager 200 may
have a thicknes ranging from about 50 angs tromst bout CEOO anlgetrom

material, suc a stress memorization matena ayer, that tramsters 1ts ‘inherent or intrinsic

stress to the gate 110, the channel 114, and/or the source/drain 122 of the first device 108

during an anneal step. In general, when the second dielectric layer 202 includes the

characteristics of a stress memorization layer, the second dielectric layer 202 can transfer its

intrinsic stress to the first device 108 upon recrystallization of the amorphous regions within

the first device 108. By way of example, the second dielectric layer 202 may include a

compressively stressed layer or a tensile stressed layer.

[0062] It is to be understood that the stress induced within the first device 108 by the second

dielectric layer 202 can be increased by increasing the intrinsic stress within the second

dielectric layer 202. For example, a multitude of deposition parameters, such as reactant flow

rates, pressure, temperature, RF power, reactant materials, and thickness, can be adjusted to

modulate the intrinsic stress within the second dielectric layer 202 and thereby maximize its

stress transference effect upon the first device 108. In an embodiment, the second dielectric

10



[0060] Subsequent to forming the first dielectric layer 200, the second dielectric layer 202 can be
formed over or on the first dielectric layer 200. In some embodiments, the second dielectric layer 202
includes an insulating material such as a nitride deposited by low pressure chemical vapor deposition
(LPCVD) or plasma enhanced chemical vapor deposition (PECVD). In other embodiments, the first
dielectric|lgvengonmaningiadesaisbicanniing dmegenrsiteg Pyiapis sharmakichrinical vapar
deposition (RTCVD). In yet other embodiments, the second dielectric layer 202 may include any nitride
that is de“&fé@fétboﬂéi%?ésmperatures, pressures, and reactants to maximize or increase the hydrogen

concentrpdiggB{rappesvaithin thesesenddiglastic taxerROZcrballl yetther pkodiments the second
dielectric layer 202 may include any nitride that is deposited using temperatures, pressures, and

reactants’ {3 K ZES Rt 49 B RHA BRSRPIFtHASEER S dIERSEHE9RSAY- B8 cascdsediB&ein FIG.

3. In gengsabdheageromeidigiestiedayeradd maybryeea thickness ranging from about 200 angstroms
to about 700 angstroms. [0061] In additional embodiments, the second dielectric layer 202 may also

include alYARREATIREAWYS © TS nibTFdRZacERRarisihee flE sl it hversinEr

intrinsic sgessdtaithe-gaiealdOthenchaonet hkdirpdiidbemuselirrisnBiahthefirst devige 108
during an anneal step. Igrll(}zeneral, when the second djelectric layer 202 includes the characteristics of

a stress MEIRBHS A 12)2CHMESETBRUCHiTRBHRY RyBF 267 daNitahfePYtdHHASIE BASKS%6%the first

device 1Q8qdRROWELHRliZationtehdbaanerphousd egiping Withisnhmfiistdpyicd pORidaYWay Of
example, the se@%nd dielectric Ia%]er 202 may include a compressively stressed layer or a tensile

stressed J5§M é?frﬂtcif%‘b% e reeBerth sl et erios D neRIeRaNHAR P kRSt il g8 Dy the
second digjectriglayrr ihcandie thereasad @kiveieasiietMvinsie srassiwihiheseeasd
dielectric layer 202. For example, a multitude of deposition parameters, such as reactant flow rates,
pressure PEMBEATSRE fotier Teadthnt IS, GAAF thitk RS, SR b SREIB (RO ate the
intrinsic gtrpgs WithirathbesespodddietgctiG layer 202 mNgibarsbhmaxdmizesdts siiesstiaagiesence
effect upop the first device 108.clf1 an e?ir: odiﬂgqnt, theﬂ%econ dielectric Iagler 20 mgé/ include a
silicon niﬁ]a‘é’%%rlﬂéf)égitgﬁ BY S I8 S BN i EF et i AN SF Y 6 EittOn b d8ks® ]
Moreovedi#ldstiac heysnderstoest hadithel setand digleatic layei 202 eaondelsiadegicallyr designed to
exhibit the characteristics of ingreased density, increased hydrogen concentration, and stress
memoriz&?wﬂ%?arfgqg}é)ﬁgé.t &%}%&%ﬁr}ﬁg %%% GR=TC 3, therein is shown the structure of FIG. 2
after remwo6§] thetseqand dietentvinayes 2Rk apeomel the dicsindadicectis 1dpes QOE fevabodénents,
the second dielectric layer 202 can be removed from over the first device 108 by forming a mask layer
(not sV DR AEHACFeL e G0 L o DAL ARERH I, SRS AT ST RGO BY B Second
dielectricfiaytatex@2 hpsndtheds belealivsttodhdaanpasitansaiptheagdaohnddislechideniay @ra@gs In such

cases, the second.dielectric layer 202 can be etched by.comman gas_chemistries suc§1 s CF4, SiF4,
N5, CHES oG Oy ode QA St LTeEint TRy D e Ao oVt ByAHg cry

etching proeedsdhpikeanavasaadidridéasaatenahl However, it is to be understood that the type of gas

chemistr etch the second dielectric lgyer 202 is not essential, what is important is that the
cecond B Y o5 TR o i o 0 Bl 0 ot SO BBy el bequent
to removiligltheimaski2gerfand thesteord dielectit/ley el 2 0Rafrom dwet thadinateeulae dOthean
anneal step.is perfqrmed lectrically activate the do within the first device 108. It is to be
(ndorstobs N e iy TR oy Trer i At oA e e et e
dopants Vathiadtiva thksttdaeisect 08, Seiehteas ayapizDthelyahayneatxamspiketho pealeandioe@daser
anneal. OO0} NLBIV, 1S RIESGILLIveniors h%‘é’l%edigﬁ??"e{eds%gﬁtebg Oﬁ’:%rféﬂoé’e{ﬁ%ml%c%ecs"e'&d
dielectric layer D62"fFom 0ver he Tesistance device 124 that the Sheef esistancé Value o the
resistanceydévice4DZ4 toaabbet ini¥e hgadcbyasinguhd e doyatfoht 2686mivéictbatioflayesiSibr Forsmed
without the second dielectric layer 202. By of example, the present inventors have discovered that
tne sheek tebiolINEE AHe o (i dersined b e e R e SR G T 7ove
by increasinag the g nsityind the deponidaliglactrcttayand0Re dépdsi thm unekbrstoosethat thendédrsity of
the secongcghgi%clgg:é%%efr 20% n be increased by strategically altering the deposition parameters
and the dseposmon hiethods used to form the second dielectric layer 202.

[0067] Accordingly, the present inventors have discovered a method for easily modulating

the resistance of the resistance device 124 by altering the density of the second dielectric

layer 202 that does not require additional process steps. Not wishing to be limited to any

11



[0067] Accordingly, the present inventors have discovered a method for easily modulating the
resistance of the resistance device 124 by altering the density of the second dielectric layer 202 that
does not require additional process steps. Not wishing to be limited to any particular theory, the
present inventors believe that the increase in resistance of the resistance device 124 is due in part to

the ability, ghihg.sereng, digigrticdanRicaRistodmanemhhid aaepa el shiRg Qh e ansingfanrshe first
dielectric layer 2Q0. It is to be understood that as the density of the second dielectric layer 202

increasedefticadifityltBodnmé @it rlLY shithsasssrdotiRlrgtogdtyRe 2l¥o theressddnitiessBlieved
that the hygligaernvirapipessiidiroseeend dieleqtielaygy20ihgauses vudiffidsiianddeastivation of

the dopant within the resistance device 124. More specifically, the hydrogen trapped within the first

dielectriciayip2pbothascant Hisesigdae G891 dRoisesa H AR OB s HibrOp R he
resistanceageniceriRAloentrgas Al leesnaideastivatadimpanhindivseiotthspaydrpaansdhaigby

increasing, the resistance of the resistance device 124. [0068] Referring now to FIG. 4, therein is

shown theSEEI8YsT BB caushs CRB N I A ideaniation: eyl JeBPRbI R MRSl Y ice 108.
In some gevhadimantavidie ipstdielgBlitiaysariR campgtemenedfiomovaidkedfitstAryiced 08 by

forming a mask Pgr (not shown) over the resistance device 124 and etchirﬁ%the_remaining,exposed

I |
portion of‘%‘m&? éFé&Wé“FSfé?V)%Ol% ALFBSE O8 te FTHORIE R R PSdECAnSE StHEd by

common ypeterdilitysatchhaheinisic R Qitid fad cigenphatlaantpiaeassirbleneurset ySnerba wadasstood
that the type of etch chemistry used to etch the first dielectric layer 200 is not essential, what is

important S HACEHR! RS HIEERERISYSF 260 is removed from over the first device 108 after etching.

[0069] Sybees|LRbt@iigmoving e finstHielestiicslayen 2Q0strastueyof (RRSTishaevicenbdhaelectrical
contact 400, such as a low resistance silicide or.salicide electrical contact, can be formed oyer the
gate 110 Hﬁh‘f e§5rb?c]§7(ffa%§§;§08? tﬂ%efinggﬁEgﬁﬁgeb(;S roJé‘s%‘é‘%‘%SWEﬂW%thﬁ]ﬁetﬁgsért for

forming thrlelegiritaleQu@chdAR. dnsote b erumdeveiand that Haeilisst Gladedlsiedyges 200langdhe
second djelectric layer 202 remaining aver the resistance device 124 prevents and/or blocks the
opostiol et B S L ST ot SOMLE B UhorTBAAR SN BB e iy
preventingra lowrRdtg ohike tEgistamcewchtibasessigtantsdealdieliz4laled 78)0t ¢arfobeecunddrsipod that

the above process steps form a high resistance resjstor by blocking the formation of a silicide contact
from forrS T BRAR R A BEIER DS 3l By PLFHRARE CISBRATO oM thi PESSallok dBuiEe 124, 1n
some emhidimesisiihethesigiance ddavice:drdipimed tbyetbe aleofiespdicessistepenEinciusie a high

resistance resistor, such as one with a sheet resistance value exceeding 500 ohms/square,.In other
emboc SN e AL 4R AUl 1o el WAL o O S TR, RGN & SHEdl Psrstance
value vaging:bedsedredhching00 ohms/square to about 900 ohms/square.
[0069] Subsequent to removing the first dielectric layer 200 from over the first device 108,
an electrical contact 400, such as a low resistance silicide or salicide electrical contact, can be
formed over the gate 110 and the source/drain 122 of the first device 108 by processes well
known within the art for forming the electrical contact 400. It is to be understood that the
first dielectric layer 200 and the second dielectric layer 202 remaining over the resistance
device 124 prevents and/or blocks the deposition of a low resistance silicide electrical contact
(i.e., the electrical contact 400), thereby preventing a lowering of the resistance of the
resistance device 124.
[0070] It is to be understood that the above process steps form a high resistance resistor by
blocking the formation of a silicide contact from forming on the resistance device 124 and by
removing dopants from the resistance device 124. In some embodiments, the resistance
device 124 formed by the above process steps may include a high resistance resistor, such as

one with a sheet resistance value exceeding 500 ohms/square. In other embodiments, the
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[0071] Referring now to FIGS. 5-8. FIGS. 5-8 include some of the same reference numbers used to
describe the integrated circuit system 100 in FIGS. 1-4 and the process steps of FIGS. 1-4. It is noted
that the layers, structures, and process steps corresponding to such reference numbers generally
include the same characteristics (e.g., composition, thickness, function, process techniques, etc.) as

those desggifiafcin defecence teiyGRelddd andothesaiRigedneisidepariptionsirRee RatdRitesatarin detail
for FIGS. 5-8. Rather the descriptions of the Iaéers, structures, and process steps corresponding to

reference’ HYHBALWF 1 @ui HA RhiRsayarafadbor O ahes#Ehce numbers included in FIGS.
5-8. [007@j0R eferengrimivitiFiGSherginpscoNg adaddalgfesst seetiandl e ffdhaimegrated
circuit system 100 in an initial stage of manufacture in accordance with another embodiment of the
present iH\%‘Hfbﬂ?sﬁﬁéqﬁ’t‘&g‘?ﬁ?@&ag&?fjcﬂﬁ%‘ys%ﬁF%W%nyﬁlféﬁrd]éﬁﬁé“?iFQ’F RIGRSIS 1P SRE B Ednd
region 10d4the suhsteattdObeths dikstdaviard Ohdpeogaie stdfh toaapadislewriachlaitigebannel
114, the liner 116, the spacer 118, the source/drain extension 120, the source/drain 122, the

resistanceHRAEe L4 AN RS R EIF L AFA B IS G b S ARBRI BB HHEE RS STIRSHARE 106, the

first devigeoleS thehariged 1Octhauaissdialactited id, terehannelFids,. thet lngr, 1&etbr spager 118,
the source/drain_extension 120, the source/drain 122, the resistance device 124, and the isolation

structure S RIS TG AR LI ORIRS Ehdriitdnedds SR afAthEe d6HPBERD R YES - and
process @alvigees afespiihedsabeys insagapdiaiid Giol .[[98éatd heuintrgsatad BIGEIt Systeire 100,
however, differs from the integrate%I circuit system 100, of FIG, 1 ?f/ including a hydrogen treatment
process W?ﬁ%oﬁ?ﬁggﬁgféhﬁ@@%? ?f?@"(?é‘.‘}%%&%%“’&?ﬂénﬁ%f}éi' attric layer 200 with a hydrogen
treatmenfpomes Riteasgsnte hy Hges, tigaisient halps todnsiaagedidescongrsptioavofdtydiogen
within the first dieJectric. layer 200, thereby enhancing the ability of the first dielectric Jayer 200 to
promote BUES igﬁcgﬁd%?tﬁl@a&%]éﬂ dPH@EéFﬂ%gré}rﬁ‘\Rﬁﬂhﬁﬁcm@ r‘é’s?ﬁ%‘ﬁgénﬁgv% 13RY%€Ts to be
understoeghbbatriRafustidigrstit iayeiR0 Mayimneltae doyof thesaharaiensiicsciadehhrsinaterial
composition, thickness, and process technjques, descrjhed abgve in regard to FIG. 2. [0074] In some
ot L el el (e el ekl e 4 T ol
hydrogergfosrisiggas arment wlawiRtIute b yakagerd paecesiagel 18N giegdieoe/APaiice1R0%0pure
hydrogen. In other cases, the hydrogen forming gas eal more specifically i de a 5%
ycroger AN R HTOUEH Jas g FONHYBEAR Al ot TGS GRS TACHIF d 2t ity
illustratiobe thelhydedenfaisiobsgat d06edlefioteRsinwayogalie gagetenoperagie dictdentd 350 C to
about 475 C, and a time, of about 10 miputes to about several hours (e.g., 5 hours). H veyr, it is to
be underdBot RAFInd 4 pRriBRirs (91 Ry aPBGEn pEreatag 8 IEn el PUeR Eined aftihot
limiting anshibe/deadkillezl ithd¢hesatanid dppiecic4, thal addifidnabparameiersdhayaglsachele any

employed/manipulated to effectuate the purpose of forming the.first dielectric layer 200 with an
increased o RS TA00R (90751 Giner BRBLA el IS ks my b e e d RN inciude

a hydrogdesplasmhabseatmesntald o @Ge lunderstood that the hydrogen plasma treatment process
paramet e manipulated to. alter the hydrogen content within the first dielectric layer 200 to
Catise oMl A ER RS S o7 & B SR AT s RS IRl L e B
dielectriclle§eo2B0G Foy lexamepldingighkydlasmarpawers anstéonder digrfitiondiétocthie hydtog@m plasma
treatment.can increase the content of hydrogen Wwithin the first dielectrjc layer 200. As an exemplary
lnatratiof e STB d e B e R R S o8 R RS0 or. an
RF powehyirapautr2fxteeabtlh SO0 th(Wattshhaoohi fiourivate fdi alro gkl 0thinathe UirdOddecfsiccm), the
substrate 106 perature of about 15 C to. lﬁou 550 nd a time of ab seconds to atiout 5
s g RS E R el o
art will apjifeciate thatoadidionalkioaramédbens tn fyalsoithénetin eyatincanipulateRtb efifestuate the
purpose of formin gqe first dielectric layer 200 with an increased hydrogen concentration. [0076]
it RSB o e S o e
layer 202ndtee decomnbsiigdecthiclkaess, 208 parcds fochmeghovateserdredhabivstidisieatdicdd}er 200. It is to
be under, g!)t at the second dielectric layer 202 may include any,of the characteristics, such as
terin SO e e S O A B S B RIS o some
embodinmemis] thin secbno aiel dotriy teyeer? (@nnolgides @neatenay withud de hgidyczpegificalhtazrgineered
to prevent the out-gassing o rogen, fram the figst dielectric layer, 200. In other emhodiments, the
i e S A AR AN e TG S

process, tirereby¢ngpraasing yhededstyb6i thelserono digiéetnidrizgear 20210007 Redevgeg arsly to FIG.
7, therein is shown the structure of FIG. 6 after removing the second dielectric layer 202 from over the
first device 108. In some embodiments, the second dielectric layer 202 can be removed from over the
first device 108 in a manner similar to the processes described in reference to FIG. 3 above.
Additionally, subsequent to removing the second dielectric layer 202 from over the first device 108, an
anneal step can be performed in a manner similar to the processes described in reference to FIG. 3
above.



[0078] Notably, the present inventors have discovered that by treating the first dielectric layer 200 with
a hydrogen treatment and by not removing the second dielectric layer 202 from over the resistance
device 124 that the resistance value of the resistance device 124 can be increased over that of a
resistor formed without the second dielectric layer 202 and the first dielectric layer 200 with a hydrogen
treatmenyoddsiiehRnndersioodihatinpline ersaddirogen apneantoinnoiindheafirsidiglectric
layer 200 helps to %omote out-diffusion and deactivation of the dopant within the resistance device

124, therBBY HERSshigTRS RIS AhERST th réslerabd dévide #84 A HBFRTREOH SRR Hesent
inventors;Baie sdizgar amdsa aethoddarsgasiy medhlatingdh s esigtanicsdofihehesisianaadayice 124

by altering the density of the second dielectric layer 202 and/or by altering the hydrogen concentration

within thdSigst SRRy ER 188D, BRI RETFRRGIREWAS REIBIHRE A [Bakileddsthscdtie of
FIG. 7 afignrepjavingdhadirstdielealrisdayend@higmioyescthenfiisteowian pd8tdd &O8TRctuate

embodiments, the first dielectric layer 200 can be remaoved from over the first device 108 in a manner
similar tof5e PrERUSsed dEuEiBed thereftstndis e iEies 14Y5h o980 stibbe qiledneseAsito NG aeE Hirst

dielectricdgy@ng@8drom over the first device 108, the electrical contact 400, such as a low resistance
silicide or salicide electrical contact, can be formed over the gate 110 and the source/drain 122 of the

first devid20r08 By pitte sBROdBIFRNoviREWRHIFO#SE dfe tARCBIAR e v EEoRaR BIBE™A is to be
understogdaiaaitherfitstdipiegideriayed 200 aathiheoseaqasaiglaehimnday pralldsrpmaiingsaer the

resistance device 124 prevents and/or blocks the depaosition of a low resistance silicide electrical
contact, PHePREYREUEHE NG HHEP B B PSR e ElSiEe HeGica 3 E308 EFle i 1o be
understoadfibasthenabeye fveeessostapsdpim arbighwesistangeuasistosdiyealackirgnihenfommation of a
silicide contact f,rolrj‘u forn%i on.the resistfnce %evic 124, by removiaegédo ants from th reﬂgtamce
device 13X'S O NPl 2Thg 5y BFBTECtrSA208 rOIATDR tREHFS diRfeltReThy B3 an %

embodimenisdhe esistancatdrviceah2hdnsmedhbyctireabovehpiocess sigfs mayrinelddacattigh

resistance resiiﬁcér, sglch as one v:igh a i{}leet resisé%n%;ﬁalue exceeding 500 ohms/square. In other
embodint@%E5, THE: reSi&tAR e GRNPREY1 I HAY e ke T HTGREFL SRR AL BERE JIREH S XHEET sistance
value vapyiag e tvfednalb®@otid b ahrne/shvayeato RIP 90 @ it 6 SUayab&uim BodNTEN Ut EYyai{0082]
FIGS. 9-20, which follaw, depjct by way of le and not by limitation, an exemplary process flow
for the ToHAAIEH AR RS ol Elr o o) ) At e SUSEHS B BB AP g, 1 to e
understotd thabaylasality ohedaventeialbjoiace ssasthatoasbowel kiiaumsswithowtieratt ant et
repeated herein, atgﬁ%r&écede or follow FIGS. 9:20.. Morgfgver, it iff.{%%e understood that man

tions,

modificatfoHE {6/BP SO AL ALY D D TS HaTOS SR dhibat SroARRGHSut
departingHondtigscogranspi aidhekaibeechgubjed/ malieulfal exaffipimatbatizepwpdeseibed

process may include.more, fewer, or ogg r steps. Additionally, steps may be performed in any suitable
brder witk 00 BE G I SHA 8o B0 U RS RSO EoB S ABIRNER, it is to be
apprecia{@0tbhRifteriiiggiate dockFolit Gysierioidhhprasdit disctosurd Ky, ifclficle fanyiingndieer of
m“'t"e'e%g%%‘“gh%‘?&'gﬁ%ﬁé yichithe gprrent '%W&E‘{ie%‘%%vga)‘fy%}vﬁﬁfegﬁ v E%%%H o0es i %g”tﬁg”ed or
modulated by the Voltage applied at a control electrode.” Exemplary iliustrations may include an
n-channdifieldiefecidragsisO(NRES ) (@ i ahaleneblié | theffdet tansidtdic(BdET JagecalOplamentary
metal-oxidersiicon (CHQS) configuration. & shdle-gafe ransistar, & multiggie ransistor, & fin-FET, or
an annular gate ftansistor. Addt |onany, Ui 16 be Understdood that the integra e Girll é)ysfem of the
present distlosuks, descritelddé@ryimupher tof FESistaics devieabodimaaryithg sesisiddodacalives
formed by str ically altering, the. process techniques. described herein. Furthermore, it is to be
nderstoah e g e A S s R R R s
medium, oftigtirogenditoenseyediiate died¢otindluicud0dx. nuoltifier intelgrdiedeicihit assemibliekatia later
stage of fabricgtign. [0084] Referring,now to FIGS. 9-12. EIGS. 9-12 include s he same
etorenca N S A U et Sol e S b B S XS L cess
steps of HG&ylidcriais mpteddhat thefldyesscsirdudiciresiiahg gra@ess steps corresponding to such
referenc dwgl[lbﬁr enerally in same.characteristi s%. o ositign, thickness, function,
orocess LR e e A P B g o
descripticasparedidecaitetayed 10206tan foreFilBTi9t 12vRathe. the desekptlonknotiitye thaysrsosdructures,
and procgss steps c%rrrﬁgaoggli to refer nee numb resfil?sf(liceaé.cel-l re incorporated. for thﬁlgame

) t t .
reference numbers incladedin FIGS. 9-1 .WS%ﬁeﬁe erring now to G. §,'therein’is shown a partial
cross segtiocesvsede il in reference to FIG. 3 above. Additionally, subsequent to removing the
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integrated circuit system 100 in an initial stage of manufacture in accordance with another embodiment
of the present invention. The integrated circuit system 100 includes the first region 102 and the second
region 104. In some embodiments, the first region 102 may include active and passive devices and the
second region 104 may include passive devices. In other embodiments, the first region 102 may

include, memPATHRIMagEY0aMBEL BT ePHiE-plectiode-deIdces iAnvhicRfrens Wi Rt herbag Petween
two specified electrodes is controlled or modulated by the volta%(éagplied at a control electrode and

the secord GBS IBUARY R AERRE S v AS S ERRAUNRATICEFRFR fH&tance devices with varying
resistancpyz8yesdanRediy sk aiegieatvelie nngthgspsoerss teshpiduesiesaiiedsherglBedtds to be

understood that the integrated circuit sg/stem 100 can be used within processor components, memory
componeftST 188t Eithdonutire g EIHHMERY NRhARRPE B PBRSRESThiskisle e R A e Enents,

power CompRReBiThEadigsiinasaneicéRE) ermpRNRis (8 vikie GMERXSSirauiisd. digital Bianah
processor components, micro-electromechanical components, optical sensor components, and so

forth, in rSMBrBRSEoRTigulittorlshFRSIPR AR S iF pesoad it et af it ePhrsfrdgiBh 102

and the sgepactregiandR4 aoe wrmedvydidisepRvehnhe skbsiate LaGeBiydinhaf @xampiastae
substrate 106 may include any semiconducting material, such as, Si, SiC, SiGe, Si/SiGe, SiGeC, Ge,

GaAs, InRERES I RIS NARB HSo Y Qiefﬂ‘?ﬁ‘&‘ﬁdi&éf‘érgpgélﬁmﬁ I RERERCoPUfLi e
configuratignseAdnitionallyt e spsiateililh My Bisadnciudeviepedanddissippaceaniigunations,

epitaxial layers, strained configurations, and one or more crystal orientations (e.g. - <100>, <110>,

and/or <TISBKENRSHSS SIMEhIRES D Strategically employed to optimize carrier mobility within
NFET anph@9F A e&yigias]yl haesphstatenl@atorahals adivehvdeany mdiotialdihaidiscames amgrphous

upon implantation. [0087] In some embodiments, the substrate 106 may possess a thickness ranging
from aboHFoWélﬂaﬂ%f‘re‘g ](’Tﬁdfﬂéﬁl}ﬁ?e SR ]a%)%by <ularmg Hhﬁﬁw%ﬁ/&%r%} for é‘ﬁi “fdss]
Howeverldfie esganiles pyautdaddoidhe st ate ddoraienwitabe constaigdcasdinningand the
compositj e supstrate 10 y.include any materjal, configuration, or thickness that physically
o 17\ S ot cen a R R e AT o s e
device 1@fsanticteserond clev@e 206 carbentormadievie o0sandiokovikisnibedtiesiatehd Aady
conventional depaosition, patterning, photolithography, and etchin hnigues known in the
semiconQUEESH T CRESaTA) SRS FAPYFS TGRS HFhchyi o bl bR 1 Bome
embodimaotestbe disiritvdce £O&and tb&Becond devicuBRYueaytinaideiapeaher finaréidtad-ET
device and/or ELFET devig%. n other.enété dimeng: the first devi § 108 End thf second device 900
bl i ?

may incldth PREP BV Hid A NPESF %tct CEPEISHVER) E5LAEY HeBr&b{ OMmiRY S50

device. silicide or salicide electrical contact, can be formed over the gate 110 and the source/drain
122 of the first device 108 by processes well known within the art for forming the electrical
contact 400. It is to be understood that the first dielectric layer 200 and the second dielectric
layer 202 remaining over the resistance device 124 prevents and/or blocks the deposition of a
low resistance silicide electrical contact, thereby preventing a lowering of the resistance of
the resistance device 124.
[0081] It is to be understood that the above process steps form a high resistance resistor by
blocking the formation of a silicide contact from forming on the resistance device 124, by
removing dopants from the resistance device 124, and/or by utilizing a hydrogen treated form
of the first dielectric layer 200. In some embodiments, the resistance device 124 formed by
the above process steps may include a high resistance resistor, such as one with a sheet
resistance value exceeding 500 ohms/square. In other embodiments, the resistance device
124 may include a high resistance resistor with a sheet resistance value varying between

about 700 ohms/square to about 900 ohms/square.
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[0090] In general, the first device 108 and the second device 900 both include the gate 110, the gate
dielectric 112, the channel 114, the spacer 118, the source/drain extension 120, the source/drain 122,
and a well 902. [0091] It is to be understood that the well 902 can be formed within the substrate 106
prior to or subsequent to the formation of the gate 110 and the gate dielectric 112, depending upon, for
example ghesgsisgd@apant concentration within the channel 114. Generally, the dopants used to
form the well 902 are of opposite conductivity type as compared to the dopants used to form the

source/dIBEkid o BY afidhdURieelapiih 232WRE. Ob-§EE Mo dRt el PR A AR e®and

n-type impuittiaadopRE&T devigesind fsialpvodarsiard thal thecdrRdanaat wepceatistian, and
energy used to form the well 902 can depend upon the dopant used and the design specifications of

the first RA/RESTBESAY A G oHd O RE 8885 (B0 Sah soiial EiplotmeniiotrkPgates o by be

formed frge wenvartional imatarialartnghdding fppedanertinddpgdneseirobdystisg MrESIislosuch as,
for exam&e, polySi, amorphous Si, or SiGe), a metal, a metallic alloy, a silicide, or a combination

thereof, fFBXAVAPIE. I ffetelssingHERtan g B o onsy A4l oneae/ ang R R IR Raterial or
compositigiithat the ¢RIVRSIREEHRIAGIS LR N implaatpiena d hegale sielacticpili? snek keanrde from

materials including, but not limited to, silicon oxide, silicon oxynitride, silicon nitride, a silicon

oxide/nitﬁHBWi&&‘@?éclE‘H ﬁi‘dﬂlRlaié"I’ch?ﬁl?%éilFéﬁQPﬁ%?r-OSWé FRViABCl drerRetrc e RE RO e
greater thaspsilisaniasidely, dicpcampinaperidhesgoh MQwenebldidadte henndersiaath shabihentype of

material chosen for the gate dielectric 112 is not limited to the above examples; for example, the gate
dielectricsfiﬁerﬂgg‘ﬁﬂﬁifgtdﬂy%%?&iaI that permits induction of a charge in the channel 114 when an

approprigdgs|tagsds\applied teotie apictifed eeardirglytcirtsdnatedialsywdhichmay beckagwn to
those skilled in the art for gate structures, may aLso Pe us%cli or the gate 1]%? nd the gaaﬁe dielectric
112. (00931 CUHEF MY (R THIERHES B e Yol 16 FE BRtk CEX SHol BB ﬁ%‘“sf‘r%ﬁ’?él 8%&B6ut 3000

angstromsangihevhiskpgssdlelbengats diclastriclki2ds beiwgspdbyuthtOvangst amsii@adaabout 50

angstroms. However, larger or smaller thicknesses of the gate 110 and the gate dielectric 112 may be
oroprA B EIRS S et AU SUBCHORTO RSt o oo biEbatos AR Ce BREFHRdice 900,

[0094] ThanBpagek I3-8haaebeéiéntneed fraraconve nPeRAdl) diglecthipl snaderials much-asidén Kkida, a
nitride, or bination thereof, but preferably includes silicon nitride. However it | be understood
that the OMOR AN UTEREGoA PHIE ShECBPE Ty chrBLTHERS AP iioo T e &ia may
include amnhmateral thaispesita &ladrch) jsolatiohelttirgaiedlthdtahe iasnatiandickie satwige/drain

122 aligned to the spacey. 118. Moreover, it is to be understood that the thickness of. the spacer 118

il vary W e TG USHEBAOHY of 1 i<t He b 106 ndF S SREOHE el B o
resistance values formed by strategically altering the process techniques described herein.
Furthermore, it is to be understood that one or more of the integrated circuit system could be
prepared at one time on a medium, which could be separated into individual or multiple
integrated circuit assemblies at a later stage of fabrication.
[0084] Referring now to FIGS. 9-12. FIGS. 9-12 include some of the same reference
numbers used to describe the integrated circuit system 100 in FIGS. 1-4 and the process steps
of FIGS. 1-4. It is noted that the layers, structures, and process steps corresponding to such
reference numbers generally include the same characteristics (e.g., composition, thickness,
function, process techniques, etc.) as those described in reference to FIGS. 1-4 and, therefore,
their descriptions are not reiterated in detail for FIGS. 9-12. Rather the descriptions of the
layers, structures, and process steps corresponding to reference numbers in FIGS. 1-4 are
incorporated for the same reference numbers included in FIGS. 9-12.
[0085] Referring now to FIG. 9, therein is shown a partial cross sectional view of the
integrated circuit system 100 in an initial stage of manufacture in accordance with another

embodiment of the present invention. The integrated circuit system 100 includes the first
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[0095] The first device 108 and the second device 900 may also include the source/drain extension
120 and the source/drain 122 formed adjacent the gate 110. In general, the source/drain extension
120 may be formed to a shallow depth with a low concentration of impurities relative to the
source/drain 122. More specifically, the source/drain extension 120 may include a dopant

concentratiapoetyesn ahe WeksAQ L8 JRs/AMS3 thakekd brlieRins/Crns. filemveyesn latmenharsmaller

concentrations may be used depending upon the impurity used and the design specifications of the

first devidBlusls 3RH\habeatMgeliticgornddbe sF Il imRinidLURRY 18501A BIsShuHe/arsin
extensionyl hénaymbsdidenisitpe arR-tYpRndePensind e fikstdpyiteulddyandiontherseernd
device 900 being formed (e.g., n-type impurities for an NMOS device and p-type impurities for a
PMOS d&¥itlelraeadepdeyitgeritoddithathine YOERE /aMinee REEHERh 10 S(P&W%Edf&f?‘?é‘iﬂ)‘ﬂﬁ? dfigning

the source/alidine@xdensianiidd ¥ the galendd AdpRedbafarefarnispdis®RpPaseitkl®consubseguent to
forming the spacer 118 by employ,igﬁgal an angled implant. [0097] In some embodiments the

source/drdih 193 Lo e AreeatdHar Sh A0 PR Ih Y SRS NAS IS U R PRI IBE RS ISR the

same CORgHVIt HEERS iRt eea:ento Protees SeUReR{dEri D xiRRIIR 240 (8 Fs, -tpe
impurities for an NMOS device and p-type impurities for a PMOS device). Exemplary energies and

concentrREASOeE e idminire et CLin s NI AY Fo R sriek iRy BRkra SHBReHP-and
about 15ghke¥ranebmpOnaRnrRien beivpeasnalaui kil Qdmnsian Jiialabotsiyd AR ORFAGN3.
However, larger or smaller energies and concentrations may be used depending upaon the impurity
used and HAHELIBRSSRERANEhS FPRIDHIE: daVicd T84eARY thEsELBRgWalicE 8od ob98Yh yet
other embigelimgntEgifae igplagrecagy vsepdadarnithe selsaestieinah2chnisstparsessopulficient
energy to amorphize at least a_portion of the substrate 106 and/or at least a portion of the gate 110 of
the first ASURE TOBRNERG 2BAG04 BRI SHAR: EHARCLSHBRATERETHYF IS 4 SRBNIZE at least
a portionekthd.substrate 106 and/or at least a portion of the gate 110 allows a subsequent anneal
step to tr /memorize a stress to the gate 110 and source/drain 122 during recrystallization.
10099) 1nUUNT QOBEHEAES e AL E IR T LT SH e R GRARF the
substratel 066 By eatwventignabile positidipaiteoningpielalithagyaphicanthetekingtechiniguas known
in the semicqnduyctor processing, in ry for.the manufacture of active ive ices. More
speciioal]: sie SeretihEe SEMEE 1R FGHED QOGP e s B DA ot QY o
shallow trengtoisdlatian skructlras wiliahhcaniatetitigatynitglaie and/or sepaiais naiesistanae device
124 from@; first delice 10? r%ndsilheéleco d deyice 900. For 1purgoses of illustration, the isolation

6 fm Sl ‘i/ /“?

structure 126 MY Be’had&'h Aot AieRR st suialiant FBYGE SRS 1n Lans:
embodimenigtihsitesistadcerdevicendid anayalnctithead diig (g @sistan0eresistor, suah@s<ord with a

resistance value ex ee%inﬁ 500 §hms/s uare. %qo&‘@te str%lcture of the re isltance éﬁev@g 4is
substanti3il§ SHAHAY 10 NE PR HaURE I GEAnd P SaE6ng JRVIRE 96U AHE MRy IRAIEEIne §ate 110,
the gate diel ®HT ddZicandThe spacetclllB, theraby aénatdiagngonatsriahtiarbrabar ofthepksistance
device 124 with the first device 108 and the second device 900 on the substrate 106. It is noted that
the IayeréngPrﬁ%raéléagﬁa'process steps corresponding to similar reference numbers generally include
the samd @RThbiesistic 2 fehgd inconspdsitinbs thiek s sy potisess procekadechmgugSrete Jtamthose
described in ﬁefed'e@c;‘@éf} the first dev{ce 10&%1and ttﬁlseé:o d device ?OOé and ]therefore, their
descriptié)rlllg are 16t rei e?alllt%lg)lrﬁeéﬂertsalﬁ TB% ﬁ - Some embodiments, exﬁrélpeello of the resistance
device 12a088jyHerexpostd texanapantromileditfprate ssibseatdol firmrthaowr de/draistd2d and/or the
source/drain extension 120, thereb versely altering the resjstance of the.resistance device 124
(o o et £ e R S Al e RS RS s
specificationknefthehantphysiedlgirauit siesternl))nitdeeanfilenthienesistance dadioe pakivay
include a (fé%ac‘é”% r’?fc%eestped (i.e., pt) resistor, wherein the p-type dopant concentration within the
gate 110 includes a concentration between about 1x1016 ions/cm3 to about 1x1022 ions/cm3.

However[0089¢ e Sinstl e g on dORtration savanyd ik use D dé pendiadarprd theimpunity/osediind the

design SREE ifsiﬁggit%}% OlfOtg ebgfe%igﬁ%gﬁgo%%yi%%p%zsﬁion, patterning, photolithography, and etching
techniques known in the semiconductor processing industry for the manufacture of active
and/or passive devices. In some embodiments, the first device 108 and the second device 900

may include one or more of a PFET device and/or an NFET device. In other embodiments,
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[0102] It is to be understood that the resistance device 124 operates according to what is
conventionally known in the art. [0103] Referring now to FIG. 10, therein is shown the structure of FIG.
9 after forming the first dielectric layer 200 and the second dielectric layer 202. The first dielectric layer
200 can be formed over or on the integrated circuit system 100. In some embodiments, the first

dielectriciryarQRWmay i0gldde ar insdatingvateial siachiAg @k axelerarmby wetHf Myaxidation
techniques. In other embodiments, the first dielectric Iajger 200 may include an oxide deposited by

chemical ¢} GEPEtISH Yermmgdehers R Ut mEfYcehe first dielectric layer 200 may
include ajbwy¢EmpRiRikIe GXigestitedepossatbyneasiiig ane Wih siihemexy@ene nilieus oxide, or
carbon dioxide at temperatures below about 800 C in a plasma. In still yet other embodiments, the first
dielectricPy88ostetAs it dhart 8%gE that IBuRsshdd tidhfy SeHsddsir € IreR &8, Bd
reactantsstarraxmmz e2theydreggneoncentration trapped within the first dielectric layer 200. In still
other embodiments, the first dielectric Iaﬁer 200 may include an oxide that has been treated with a

hydrogert ifFotbEdsdakeriadarsiood thitdher st e roarky Bmsthitaihia the prtetedOYRYEeRiERd above

in FIG. 5oByubay @éarmigothafiest sielecticlayer 2Q0ipeaayvelacthicknessi¢pading fipanabout 50
angstroms to about 300 angstroms. [0104] Subsequent to forming the first dielectric layer 200, the
second didIESHBRLAROBS IS (RPRIHARRFBIEIIOW TR RSt IBELrld Tay P BBl Yn B fhepants
embodimetstderae aand eliedecttit: [ayopgdltenadninchivieyan jo silatng matesiahs dopassausitride
deposited by low pressure chemical vapor deposition (LPCVD) or plasma enhanced chemical vapor
depositiof? (éEE:t ) SO GREP EhB SetHEh (< A i e hanses %ﬁ%d@%&?%d&é’ﬂrgfﬁé Tnitride
film deposiFeT ki vapidaermapehapicakyapoPHEPaRtinR R TGY B)bbuyatatbed embedimeits, the
second dielectric layer 202 may include any nitride that is depgsited using temperatyres, pressures,
and reac%?@f&?ﬁé}llm?ﬁ’é’%ﬁﬁ%Féﬂ%ytﬁéeﬁ)}ar@éght Dic iﬁWtflﬁBEfg’dWﬁﬁiﬂl‘fh BELotid ielectric

layer 2020 ikldysilatheiceiohosinneniise thetsreardl dielecttice|sy@ndQR vigyow@lude a nitride that is
temperatures, pressures, and re or increase the density of the

deposite [ . ctants fo maximjz
erond AT G B il T e B A o3 T TAVB Sl B Pangmg
from abolicR@fmngspeinario alpdupddGanysiionesnkd iakhnptheuamigdiviestanibe sgetysi dielectric

layer 202 may jnclude any, erial, such as a stress memorjzatjon material/layer, that trapsfers its
inhoront BPTRIIE Srce SR e fARS E 6 G AHA AN o itor thes SSUTCLBAFA B3 A 18 fr
device 1@8anslor IheogecwinbddiitanB800hdyring B anmnealsstefcllnlgangrabndleih the sedandr
dielectric layer 202 includes the characteristics of a stress memarjzation layer, the ond dielectric
layer 20£EIOIRCTHE RGHLSE SHREHEL iR AR ALOR andfor s Qe Heu R 80 Gpon
recrystallizgadioffirointheassriakphalisdiagidns withlinthedfits} sidiviae dd8eandiiosihexseanoidd, devica 900. By

way of example, the .second diglectric layer 202 m .inc#ljge cam ressivc\e,t stressed layer or a
ol LK Ty DR 2 A0 WAL o ety THIEER i tRE P R 108
and/or théisecoidcdeviag 90Rdy e seconsliieteckide)nye n2dndambien nossrse Hoyineteasing the
paramerdrsy S AR B8 o Fe o L Lo e B P2 PR an
thicknesshearbbe:acljustpid 4o fmoduatelthalintinsicdtiessiwiliin theysaedndedimleatiicdayeri202 and
thereby maximize s siress [ansierence effect upAn e st devics 108 andior ihe secqnd gevice
900. In aReMbo |menf),nthe 56¢0Rd die ec%rlcnlléyer 0% may ieRIGB & Silicon %ltrldaéJPayer 8eposited by
a plasmagerthhtted\cbemhicglyy aplorr depesitionphade asy GbOA dWar o versdt dkittedénwhdenstéod that

the secongtg%%gnc Ia}/rtler 29520 an be sitragﬁgl e%gyltilggll%%% toat%xglleqn t[?i% (fl?il_racterlstlcs of increased

C
density, iCreases rﬁ%roé‘én%on@eﬁ?%ﬂ%, Krid Stress memofization transferénce. [0108] Referring

now to FIG0N3], Grereidlis diothicknesstufctwezafeFG) iOteftecae mioving ANeasgtond sdield cisimutayer 202

from over i seoand device,R00 Hawever. s, (o be dndersigor hat exposure of e sepond device
900 versus exposure of fhe first device 108 IS hot cri |caeI, what i |mportan{lis that the'8&cond dielectric

layer 202xhé abonovOchfigmnonver Hoystructargethat wam lactlaskad3bds Ditiéei gateAdd adih gy, Jate
p”rp.osesdgélgp't"r?é‘%ﬁ'?%59%3%%%?9;)%%Cc?e;?é’n%ﬁqag”o%etﬁgfﬁéé?gnt‘s’p%%ﬁc@E&Ts devigeday ths fgmainder
of this embodiment.

108 and the second device 900.

[0094] The spacer 118 may be formed from conventional dielectric materials such as an

oxide, a nitride, or a combination thereof, but preferably includes silicon nitride. However, it
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[0109] In some embodiments, the second dielectric layer 202 can be removed from over the second
device 900 by forming and processing a mask layer (not shown). In such cases, the first dielectric
layer 200 remains over the first device 108, the second device 900 and the resistance device 124,
while the second dielectric layer 202 remains intact over the first device 108 and the resistance device

124. [0110kSpbsadbamde Pateiaingdhe maskiryerotes RrRasedRertion atdhesraARd dalgctric
layer 202 formed over the second device 900 can be etched to form an opening within the second

dielectricAB¥% SEPBIEH S dBrledeany PrrehhbesREmEs Hecticiselitpictidhapareoby)

Generallynthessateiod delgetricldyenz cam RELIches M counon gas snertisties sycty as CF4,
SiF4, NF3, CHF3 and C2F6. In other cases, the second dielectric layer 202 can bhe removed by any

dry etchifg otk htte MiRass RittfesRistridl Molever i 15 Hesysretsiertivns thehipe of

gas chengigiryaises togeish thessesanddilegtiic layer 202 is not essential, what is important is that the
second dielectric layer 202 is remaved from over the second device 900 after etching. It is to be

understofARAc FEmBUY dvise L8l dietarrndsy B HE MY iR ddidn et g8 Hiips to

prevent aRyeacivarse efiectsitatdhp saeand Idielestit dayal.20 may havelupon m Riekdrgevige during
annealing. [0111] Subsequent to removing the mask Ia%@r and the second dielectric layer 202 from

over the SRUSHETGWRCE G A Zh Ak ReefPTnBE o i i BISERHR At b AR cone B ELN Yithin the

first devigggii8Rpdelheeaeond svieedsi. 105 tHbe: Wpearsiaod thattiecanierl steminaylinglude any
thermal process that electrically activates ahhe dopants within the first dpvi;g 108 and,the secand

device 9BRMsIHUES & JQBH HHERSTRIRRABAC Y pRPARhES) Ando8r 518 PRANE R [0 11915 R ably, the

present iRuansoEs, Naneidiscavered thatétmabremeying the-serprddiglagioe layangiidifyomeaver the
resistance device 124 that the sheet esisga%\%f valu fthg resistance de,vic§ ]924 can be increased
by about 3856 YES EHLIRSE ﬁ%ﬁ‘i@?ﬁﬂ{)ﬁl}ﬁ HSAREEE 0 28¢3Re SBdRViSse’%02. This increase in
the shee{oogaitames apthrisesistanocerslayige adriz/Approxiteataly egqoivialenhimuaamployeagepreduced
source and drgin dose of about 1.5x1015 ions/cm? (noting that a conveptional spurce and drain dose
& about B0 LTGRO, WFoTBENAF e RSNt SPaE SaraR o SRR b iy
repeatabigpanighpasifieimMplemeneddacadsennd pagitanrghproee ssrsiapd @ deduinedl [B1b3je he
present inventors hayve djscovered that the resistance value qof the yesistance device 124 can be
oronse RS Ve, ST TO T ar Iy ARGt BRI of e e i B ayer
202 formestavasitneoasishanceedeMicg.d.28efbis forhengnterspacs thi)tbe wensiyenf thésadapd
dielectric éa er 2021%% be al red/increangebg\éojtrategically manipulating the deposition parameters
and the d g&eﬁ?Sh RIS B oPRFtRe EEEBNY dielectric layer 202. Moreover, it is to be
understofagTatitheciesisiabodivalng ofidhe tesitddariaeldeviea bedatianealso hieingreased 8y @mploying
a hydrogen trezi\tnillent Oproc%ﬁs.foﬁlae first diel cltlric layer 208.50114]tMore p rtiﬁularllﬁ, the %present
inventorsShaVé distoVersd r%inby méla‘%ﬁalf?]otﬁeehi;‘ rSgCé)rlll ChCeRt RS ivitin R Tt g 1 & tric
layer 200f@amd the byureditdting theidensity (efdha-sgeondpistest fier|ay ¥ MOIS thatideearelsistgpee value
of the resistancte device i[,ﬁ/ﬁoqga\a be increased even further. It %to be utnotlerstood htat an intreased
hydroger%rgglﬁrééﬁ%ra loft withi?th& first die eeéfercalrgygrr“%t? RS 61 %%rrﬁloltoen(s)&s;el fision and®
deactivatsonroé/thraid ofEniviighincllnder esistange devicech 24hdine gy inarbabing theOrésiEtandeaof the
resistance devige 124b|\{loreov%r i% if LPObe. un ers;tg[)odljthatt in?ﬁ)easing /thg d sitg of the second
dielectricﬁ%ri/ceern Gﬂoélan ‘gﬁg bioek! heXOUt-d(a).%SSﬁanl 0 hayé)ruogexn rom the first dielectric }gr ST é)60,
thereby hahihg tméngreaseltbenkesistanas ofahba esistaleperdidvicepbAdhfOimpyritgooreingly, ttee
present 'gvenhogsekézqﬁ/g t(il(i)sncsoovtet %d am echlgg {ﬁé %aai% rrggdulgt&g}igéegbgfistance of the resistance
device 1 2%%/ rely forming and/or altering the cPensfy 87 the Second dielectric layer 202 that does
not requif@(98ditioped putaressisidpsediotheishipliodnergninscttmdnynparticularctlbony, 12 mpussent
inventors believe thate Igrease Inesisiance of e resistancy device 42442 dut n RALLIR e abilty
of the seBONd dielectric ayer 502%6 pr en{:hy roge ﬁusﬂlng of oul%-gassmg rom the ﬁrs ielectric
layer 20Qdttisriicobéharngierstboafhbe dsshécdmasiBofitt elsecmoddikiectrieleyeA 20D phoreaseds, its
ability to block. the diffusion or out-gassi f hydrogen is, also, incr . It is believed that the
yciogen s B e e e e R S R B PR BB
dopant withihetigeteekiStalow de videsd@#nMonee shacificalisantiierhyeroger trappedtwitiirgtie Kfigt
dielectricalgg%ezsooo ad}ﬁﬁﬁlqtltﬁ? ({ltlar%ilst?gccresgﬁyica 1%1%4 can cause boron, for example, within the
resistance device 124 to out-gas andbecome deactivated upon binding to the hydrogen, thereby

increasing the resistance of the resistance device 124.
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[0116] Additionally, the present inventors have discovered that by not removing the second dielectric
layer 202 from over the first device 108 that the performance of the first device 108 can be enhanced.
It is to be understood that the anneal step employed to electrically activate dopants within the first
device 108 can also transfer the intrinsic stress from within the second dielectric layer 202 into the

gate 110[909499rihe sRUERIHAN 43 200S thadiiatdaviae.108 Altaj-aanaaing witbnthgmecandidielectric
layer 202 formed over the first device 108, each of the gate 110, the channel 114 and/or the

source/dfifn 15 6 Ehd M shUetnBEentig R ndseLERiH BY SRRl tHROG R A i b Sress
memorizadighiirs thatwahysicahprepgitisadieus bprratiectemdysthe second diglagthcnayebR202). For

example, the gate 110, the channel 114 and/or the source/drain 122 may exhibit a tensile stressed

nature oS BGMRPIENG S Wt s MPRafns 671 PRAGSIEEEAT FRERTidR hErReVR L StRSEsYRE S ization

transfer hyognngalingciie:inteyraier &ircUihasiendld Wthadempesatyevautlicient!yibighcanpugh to
cause recrystallization of amorﬁ{lous.regions (e.g., due to previous implantations) located within the

gate 110 5MaIB ALY TRBRITRE 155 HARGE ATl 08 Piselliedeviti Wectdcsasaramsttric

layer 202isadeoetaradpuiisethergaiaddtoandieritoagonraeddrain 122 thigughthadessystallization
anneal. [0118] Not wishing to be limited to any particular theory, the present inventors believe that

during arfHESHHY MAHALBU rdrsts fieatsawiillh thelatema 6BRNYPERE sHIG CELTANT e 22 of
the first dewire 108 aieyerysi@llizeni gndesiafinld efsitesssnchicediny thailsecopdtiatectigdayer 202.

The field of strgess induced by the second dielectric layer 202 is believed to cause the atoms of the
gate 11041569813 ULORELYM 22 to align or crystallize with a compressively stressed lattice

constant [ 6(ETsdessiiesse dlfatiiceesspngiantudtitd 92lihg stiessniansfeniathbyotiie seeomd dirlectric
layer 202 into the gate 110 and/or the source/drajn 122 of the first device 108 impraoves the carrier
mobility éﬁat@ﬁr%‘&“&%ﬁ’tc&fs R rﬁ%tﬁiﬂrtpofgtﬁéﬁm é%fé&%ﬂré%i?é&gs m 100 is
improvedpaeauds taeresyysiatizedcsiesset regivnsoaldhegatei dihcanidiac e savitaedel @il 22
induce stress within the channel 114, thereby improving carrier mobility. [0120] It is to be understood
that the AN $P AT e UEN S HH Iy e Brocbds A LeEb P oA Rbrohous
regions ofithengateadd Praveloriis sortsplalidiing 132iafitheréifstedeyiveniidBstodiestystatiizedsnder the
stress of, and retain the stress of, the second dieﬁ%ﬁﬁl%%ye%r 202. As exemplaré[rillustrations, the

a

anneal ma) i A4 TN thisfna) SHRBEN LO8pi | TGS PARES S REapIdus: etc.)"as

those described in reference to the first device 108 and the second device 900,. and therefore,
their descriptions are not reiterated in detail.

[0101] In some embodiments, the gate 110 of the resistance device 124 may be exposed to a
dopant implant process used to form the source/drain 122 and/or the source/drain extension
120, thereby adversely altering the resistance of the resistance device 124 (e.g., lowering the
desired resistance value of the resistance device 124 below the design specifications of the
integrated circuit system 100). For example, the resistance device 124 may include a heavily
p-type doped (i.e., p+) resistor, wherein the p-type dopant concentration within the gate 110
includes a concentration between about 1x10'® ions/cm? to about 1x10%? ions/cm3. However,
larger or smaller concentrations may be used depending upon the impurity used and the
design specifications of the resistance device 124.

[0102] It is to be understood that the resistance device 124 operates according to what is
conventionally known in the art.

[0103] Referring now to FIG. 10, therein is shown the structure of FIG. 9 after forming the
first dielectric layer 200 and the second dielectric layer 202. The first dielectric layer 200 can
be formed over or on the integrated circuit system 100. In some embodiments, the first

dielectric layer 200 may include an insulating material such as an oxide grown by wet or dry
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[0121] Referring now to FIG. 12, therein is shown the structure of FIG. 11 after removing the first
dielectric layer 200 and the second dielectric layer 202 from over the first region 102. In some
embodiments, the second dielectric layer 202 can be removed from over the first device 108 by
forming an additional mask (not shown) over the resistance device 124 and etching the remaining

exposed pAtien P tdbensaranddieieelricnmaimdsds INRuEkcarascthe rgepPnddigligeticiayenr02 can

be etched by common wet or dry etch chemistries. However, it is to be understood that the type of etch
chemistrtid8diep stk he dispical SRNSEH P LY sh Ik o SWelRtAhEhEFRAMBERSNthS sk the
second digleciif 1ayRE 209 inigmRYesiromwanietist deideeilfefsiirichingedodr2kFahsequent
to removing the second dielectric layer 202 from over the first device 108, an additional etch process

can be eMPlbFRREIPFS A QTR LK eI QEF AT 1)< OB8 T BPSFAESARE I RROUTH A tRetsecond

device 9B Way afiexemple: tharighRircess may delkida1sicid® praglaameichnyieweyer, itis
to be understood that the etch process/chemistry used to remove the first dielectric layer 200 from

over the HI&t dbvieROT6 ahting d LBREAL ERSviIBLBBBSS ROCCFRACKNIHS: RaKiBbHas o etch

process/ebgapeigtiatipreRappdeviitheg iate 6 i el sxsiemyd Qoo farmatinethéthenelabiriealscendact 400
over the %ate 110 and the source/drain 122 of the first device 108 and the second device 900. [0123]

SubsequBRit {1 FEHGiY the fsTatelBekitei A <Pt UM RSt EHRHSH deVita RUE 5 #e<stond

device 900 ibe aleehdcincentatichOs), Isuhd @ sl fesitanse slisid e @lacbdaaleaptackIcars be
formed over the gate 110 and the saurce/drain 122 of the first device 108 and the second device 900

by proce?syeg'WeﬂgﬁﬁBWHl%ifh e Hrgsr o I RIS dRKa LIRS 68808 f5oBeabrEErSood that
the first diglgetsigdayeba030disuseeand dielectric layer 202 remaining over the resistance device

124 prevent /or blocks the deposition.of a |ow resistance silicide electrical contact (i.e., the
eloctcal BUHLH A8 b FPAVEALR g GHRFHG A s e S G PSR A ool 124,
[0124] It imboteefoimslarssoaddhahthe ahevaipraeasd SiepsdornTa g sisiancentssibtosdaymlocking
the form?ﬂgn of.thr]%ele;:{)igal contact 400 from forming on the reﬁi]stance. d.evi%e 124 a(ﬂg b¥ removing
dopants SRS RYRGace BRI IS 4R LHHAUNS POUFHEN Y Thas AsUIHAR STHRRTEEY DY 18%med by
the abovepsoaesshetepal MayoindpdeiwohighPESBIAGC Pl iesisiath sl asconieavithpastgrisiesistance
value exceed| 00 ohms/square. In other embodiments, the resjstance device 124 may.include a
igh reoi RS i Ut A BRI L A5 OPH S el BB Bt 50 MDA o
about 7781ahnds{sgiade b Li2p]Mdieavar, dhisnieddevapdergipodithat HRRTEHoMe. pragesstsiapsralso
forms active device structures with improved cayrier mobili ithin the.fijrst region 102 by selectively
g SRRSO S AP O BB OB A PO EP T 81 16
include sem@witinesgnrssietsrence wartines sdusegkimileseribetbadntieg tated gHicuibrysienidDO in
FIGS. 9-%2 an thet rogess steép éPlel(tBS' 9-12.2IQ'S riote(tjﬁhat theirl]layerrfq %tructltjret, and prqcess
steps corfaBBShAlAG b Lt FRRsr SNEEHIMBEFS diriertdly TRcNStHE SARRR LR Ltrdhe sy .,
compositilieictinickgss 2fihaiigninprede saiethnibues, dfopiasithdae desesinaddn peeserse 40dFIGS.
9-12 andf tht%reforte, their descriptions arghncg reitteraget% in detaél gor FItCiS.1 13-1905a{her the 1
deSCt‘iptiO(I;laSCC?P {ﬁeqamy%)%rfl&?u% dPé:g?azastﬁ Sro%%‘qs}sy S epsecsoercr%%poh%?r?gr 0 feférénce NUMDETS in FIGS.
9-12 are iheatpondtelicfocttielsaen @ 0efaien baveumibéekrac udegiig FIGS ab3af @0[DAZgtidefeming now
to FIG. 1%5 éﬂ %i(sla{s ssrg%vr\lllrg a partial cross sectional view of the integrated circuit system 100 in an
initial stage o manuractire in accordance with another embodiment of the present invention. The
integrateftis1iinsysiane i bOdmasn isalued setivadikit kegianl 432, 202 isegancuég oty Idteitad, sulstrate
106, the first device 1085 gaie A10uihe galp fieleckic 112, the chamnel 14, lhe spager 148, the
source/dfaifi Extension (iiﬁl,lt &'38urceldrin ,Iﬁl]e resistance device 52, fhe'iso1ation stiicture
126, the $é0otict dbuinel90Danddioe telb@d2eMisitolRe ufiderdicaditvataHOSbdiratend G6¢dhé first

device 1 the@ 110, the gate dielectric 112, the chanpel 114 cer, 118, he source/drain
extension 40, (U0 CALHL LA 02 e 1LSares BOveeos tid TRt talE TSR seconc
device the characteristics of a stress memorization layer, the second dielectric layer 202 can transfer

its intrinsic stress to the first device 108 and/or the second device 900 upon recrystallization

of the amorphous regions within the first device 108 and/or the second device 900. By way

of example, the second dielectric layer 202 may include a compressively stressed layer or a

tensile stressed layer.
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900, and the well 902 may include any of the characteristics, such as material composition, thickness,
and process techniques, described above in regard to FIG. 9. [0128] Referring now to FIG. 14, therein
is shown the structure of FIG. 13 after forming the first dielectric layer 200 and the second dielectric

layer 202. The first dielectric layer 200 can be formed over or on the integrated circuit system 100 and

the secongigglecticdayerddérsapdamiermnedruerinardheitiat diglerticitayes 209-didrotorhe
understood that the first dielectric layer 200 and the second dielectric layer 202 may include any of the

charactefiRd dsuiradaRsriticsripBitbrcatiines, i P desitdenisd s infastibedioove in
regard to;fénskOst[0k29] By Rk ef i il sgae2embpgiseiipithe firskrirle ol delpy@iciP0 may

include a material with increased hydrogen concentration. In other embodiments, the first dielectric

layer mapFHERFIE T AdE RATARSTIMG &SN B S AR dGRIRFaRtIHERE IR Rafifer g ac i he

processesmdaseiiresincmGeSahnvel [B120hAdaitiapaliyiisanesemhadinentectinl seerbg dielectric
layer 202 may include a material with a density specifically engineered tod%%event, the out-gassing of

hydrogen®¥6h? e RfstSrERE NI JB0 RS SRS IR ESTLURAR LS IRERciS BEPH02 may

preferablyhincbededaciicenonitridenlayesdppasitad, Ry RddaY RiprasasSatheredy ingjeasingdhe density
of the second dielectric layer 202. [0131] Referring now to FIG. 15, therein is shown the structure of

FIG. 14 af&PRRIBIRAQH T SeRIMFURISTRIRS AT EFBS HorhegvER tNAPRIS RO BESHS the second

device 900107 1sPoR&BROHIMENES, BbewrieaidodiciratrigéayerdiiP ¢ricbeicemoyedimnapverkthe first
device 108 and the second device 900 by formin%and processing a mask layer (not srp?gwn) to expose

the first CEAES EBBYNT IS SRR TEER GHBAGFPUtLE s OSTImE it Hille AT YO REMains
over the tissicegyicR d.0Bdbesecantddapvicendethaacktlae. resistance device 124, while the second

dielectric | 202 remains intact gver the resistapce device 124. [0132] Subsequent to patterning the
mask |aygi?@eﬁl %éﬁ&%&% %%‘Vtittﬁ)nlg i?gttfels 5t i &Héﬂﬁﬁgﬂl%ﬁ%ﬁg& éjé)eﬁﬁﬂer‘?ﬁé‘i’vdg%i 108 and
the secorekdavigrR 1900 catybe2eThethhyy sietiadssrldeive Bothelonwesiion of thaiseatnddielectric

layer 202, Generally, the second dielectric layer 202 can be etched by common gas chemistries such
e 4, NPT P A s LIS SRt A bR 1S oot G Loty

used to eightheisgronsdieieatriadayeszDdiigaeai chsentil? Whatisdvepdrtantdsdhai ihersaaand

dielectric Jayer 202 is re rom over the first device 108 and the second device 900 after etching.
o 1o b ot B ot B S RSB T S U et rogio

102 can pogvert tbecdipptidatian DPHETSIess Memeizationdeaosteispinbedmienselected structures
fom over AL SR £ L0 AP B SURLE Bt S i A 0 M
, p dina

manner sigodad tdethe:ocesststlascrbe piocesfaigrcamiokHi yed inabsiv@yn). In such cases, the
first dielectric layer 200 remains over the first device 108, the second device 900 and the
resistance device 124, while the second dielectric layer 202 remains intact over the first
device 108 and the resistance device 124.
[0110] Subsequent to patterning the mask layer, the exposed portion of the second dielectric
layer 202 formed over the second device 900 can be etched to form an opening within the
second dielectric layer 202 by methods selective to the composition of the second dielectric
layer 202. Generally, the second dielectric layer 202 can be etched by common gas
chemistries such as CF,4, SiF4, NF;, CHF; and C,Fs. In other cases, the second dielectric
layer 202 can be removed by any dry etching process that removes a nitride material.
However, it is to be understood that the type of gas chemistry used to etch the second
dielectric layer 202 is not essential, what is important is that the second dielectric layer 202 is
removed from over the second device 900 after etching. It is to be understood that removal

of the second dielectric layer 202 from over the second device 900 helps to prevent any
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[0134] Notably, the present inventors have discovered that by not removing the first dielectric layer 200
and the second dielectric layer 202 from over the resistance device 124 that the resistance value of
the resistance device 124 can be increased over that of a resistor formed without the second dielectric
layer 202. More particularly, the present inventors have discovered that by modulating the hydrogen
concentratiogrvitiie dhedfisticlectiia laueeceqd AReforty mgduiatng ie Aepsity afihe saemad
dielectric layer 202 that the resistance value of the resistance device 124 can be increased even
further. 1R R2understood that an increased hydrogen concentration within the first dielectric layer

200 can (ein nremmie i dfiusioniandrdansiivation sidhredRpand withivitheigsistonerAeyice 124,

thereby increasing the resistance of the resistance device 124. Moreover, it is to be understood that

increasintMe @8RS EHE s8R Hb RIS R BISY ERlFRFBIYCRh@ S he 498ATSoV HhBrogen

from the fifstrlielastiic lryerRPhethaiahy deelingntp inGraase heltesistanes: aldhadegisignamgevice
124.[0135] Accordingly, the present inventors have discovered a methad for easily modulating the

resistanc@ i RYSIRELMEL RfagRse 1ok HrLiethgeMby Hys B clorait SHtRB she it e e tirdtSielectric

layer 200andHey selieringishr doosity@fithe seagid distatiriadayar 30ikelatl-Relatisg Howeto FIG.
16, therein is shown the structure of FIG. 15 after removing the first dielectric layer 200 from over the

first devi@d™38 and the second device 900. In some embodiments, the first dielectric layer 200 can be

removed[gon pMetdbis fitat davicadl O8 andrthasecandsleyice HR0 by ab1aRARIVGHDIIRE RIAMd
processe%?(jgscribed in ref%rence to FIG. 12 above, S.ubse%u nt to removing the firsztilgzij?lgﬁtric layer
200 fromBYEFS & ¢S dE T8 Sh P 8@8hG Faifce 900N dhs SRRt ESeARSEA QLEIF as a low
resistancesiligidte aevialicide electicaleantachycabobe Jormedpvel the gaigasidiOfantthe sauice/drain
122 of the first device 108 and the_second device 900 by processes well known within the art for
forming tH SREeRLAl Bﬂfé%?%’(%.zﬁgst 'BHGRS100 "tﬁéﬁ?ﬁéﬁ’ﬁ%ﬁﬂ?&é’ﬁ%‘@ IS8 Andthe
second dielealiagpyaiidaR Fer@iniagaves Hieplesisiaacedesdaesdad oravediaiandses bipaksihe
deposition of a Jow resistance silicide electrical contact, thereby preyenting a lowering of the fesistance
of the resrsti Ce dBUVEM AR 416 08 THRFLGSH Tt 4560 BrScdss Skelfs R0 a high
resistanceiiesistor hylbleskingileepfesnatinncatassilicidemontastsfiiaoréosnaingon R iesiktande device
124 and by removin dopgu%[s from the g{gfles.ista ce device 124. In some embodiments, the resistance
device 15AbFHRRIB)HIE LG8 rBeadd Ll RaSFRAIGHs A Hdstance resistor, such as one
with a shptiddsiianse séalumexceeding b 0d ebnsésq tane tHe othigraaorbodimestsiihaddsisteace
device 124 may.include a high resistance resistor with a sheet resistance value vayrying between about
750 onme i 15 BB PP SR s T8 S8 PG HOR (DL P S ey b0
include somecobildedsdaeaikefeyentenismbals usethéadesanbiedhddate atkdsciochét sydtenoddO in
FIGS. 9-12 and the process, steps of FJGS. 9-12. Iti ted that the layers, stryctures, and process
o3 g e S p  elshb e  et
compositinithickiestefdeptcnoprpaesstechmniduas, defm}iasihasthedsastabd iforafeheneedadFIGS.
9-12 anddﬂ]er f.or(? the%jfsc iptions aretnot Eeitgrate%in tde@iltﬁotr ItZIIIGS. 17-20. Ra}her tpt%h
descriptioﬁ%ec(): te @férs, Struc uOrréag,V Shd' pl‘l(S)Cé)SS %tgrﬁsecr:%ﬂ%spoﬁdinﬁ to refershce ntimbersSin FIGS.
9-12 are iaderparatediter ild samdseterenae udnbe riptdydedar fdfeSerl #re20mfiit 3RdEedelising now
to FIG. 1ZHet .eg{aiﬂeils Cstp%\zilép a %btial cross sectional view of the integrated circuit system 100 in an
initial stage’ of manu SCthréiR accordance with another embodiment of the present invention. The
integratefltirdlivVysteartidifanhay tinclpasdhe irstmegiohal®2dite seedndhae pipmidithlihesubstrate
106, the first device 108, the gate 110, th ielectric 1 he channel 114, the spacer 118, the
sourceldl T Sttt 190 oo Ao T e et SR B T SR e
126, the sédunskdmndad 30Qrank yhe202 {H0 Zhd tresitvaneevdier stb e thsisthecs uosicaté2i06ynthe first
device 108, the gate 1 he gate dielectric 112, the channel 114, the spacer 118, the source/drain
extonaion {30 G SRl Lo tea e R B G S R PR R smcona
device 90kx &mst theleeatl QB &PIncindenyrofittie chaxditieristicedsdehcasatateiaticodupasition,
thickness, g racess tsehniaues. discribed ahave Infeaprd 0 FIG. 2 0RO However Jn some
embodiments, the su%s%ra & 166 ditfers from the Substrate 6r o]fSE][Ef. , by orien%mg the substrate
106 of théX3redbmtenebadimerbcatalfostydilvi degremang ldbevdtinsegpdchtothendréfdmad clygtalline

plane origptation, tl'lsr strategically enhancing the carrier mobility within.the ch | 114 of the first
Cevice 108 2T N B B A R Y T R e
degrees héthingspeotiensestendarddid@ljishe acesmitheadavitch 12bng <110>, thereby strategically
making standard [001] surface with rotated notch along <100> (i.e., the channel orientation direction of
the first device 108 23



and the second device 900 becomes <100>). It is to be understood that rotating the substrate 106 can
help to alter the carrier mobility and influence of stress memorization transfer techniques upon the first
device 108 and the second device 900. [0141] For example, by rotating the substrate 106 forty-five
degrees with respect to a standard [001] surface with a notch along <110>, the mechanical stress

induced Ipy1y secemd sigjeehCIRYBAIZMC e Ao Bald diReNdha irshdyir et Q3RO aeGARd device

900 can be partially reduced. By evaluating the orientation dependence of the substrate 106 upon

piezoresiQafetstRsRiOEHE, B RRGcaRiies 134 Bxdnsrehe Iosmond Miicrbstnsa e densitade.,

formed withigeaosiy gialiogipRperthat imiptRiadnbetaaan zRwndifprbedivedparees: fiashihedpreferred
crystalline orientation) to be unaffected by the applied stress of the second dielectric layer 202.

AlternatiiSyHE bRt RIR SR enH dbfoRrasa AR s SEBRLF dBY LR dBEr FASE 1B IEC BB Ghed to
enhance dhenappliethsttedsvalfdhe secand dipaetictryssiBB20 {4 b RateHingcnowIi9dr&H21B, therein

is shown the structure of FIG. 17 after forming the first dielectric layer 200 and the second dielectric

layer 20 P ¥Rty Gigskufivshing spPehgasdnsried dlersbainike e draee  Moult isterkeL00 and

the secondddgieetithlaysrROAGRNPerfaenedonvediorenitha st oreleaticdayes 200 tis e
understoaod that the first dielectric layer 200 and the second dielectric layer 202 m%/ginclude any of the

characte &GS TUHOR 85 MLatsi o Rl poutrRse TcRISedec kg rodbishelinynd (Be heskiiedsiove in

regard torfaliped By[hbARLEByiviad et ex a0l SRRe arldomiRientsdhr fist siclectiadalmgagp0 may
include a material with increased hydrogen concentration. In other embodime?r#]s, the first dielectric

layer may HERI RS BRE SHITHES [mterySie SPRS! n PENGEALTA SRR LRI té"iﬁe
processegi¢leseitorgdn H@ad oy ehd 0d 4dhAdditionally2 incanngusanbndinentexthepsecontiglielectric
layer 202 may include a materjal with a density specifically engineered tqQ prevent the out-gassing of
yarogerl TP HEHF BB A 1,212 APCRED B AT B BEATE AL e ERaT203 may

preferablhrebydaresriogntuiidis tayeroteposiedhyadvic/Dfprocess, thereby increasing the density
of the se ielectric layer 202. [0145] Subsequent to forming the first dielectric layer 200 and the
cecond ORISR o8, il B T8 15 BTG vl UG ANY e 1B GEaHte device
124, an ahelealriiepyean(Refpeiformeat ¢ gledénitallyiaalivatadperdapamic: witkie thetfistidevoe 108
and the second device 900. It is fo be understood that the anneal step may include thermal
orocess 1 BEPA adh vale Lt GEBAS IR A, A DB S S Caep Aods 0o,
such as asppitstharhial dangalk despikel@sneal and/armigset@nhitahsiol4tdst ke praviauthe
embodiments, the present emhadiment perfor he gnneal before removi least a portion of the
cecond QETBUHE T S0 b VR HACTFELT g U OGRS Bholeas bl thd praGEHre
embodimE#. parieitsaisatiakngivittheueemd dadleé dhe lageopddietaatd o layahetiese dyveteniodting
process steps, while not adversely im ing t rformance af ET device due to the orientation
A i hCh e o o R e
the subsisatdekOfibddoneoasdtihitingotine cindarstoaitthat thecseanaddielecinc(laye 02 paysistill

e A S A R ST S e elcion o epens o o
the channel 114 and/or the source/drain 122 may exhibit a tensile stressed nature or a
compressive stressed nature.

[0117] The present invention achieves stress memorization transfer by annealing the
integrated circuit system 100 with a temperature sufficiently high enough to cause
recrystallization of amorphous regions (e.g., due to previous implantations) located within the
gate 110 and/or the source/drain 122 of the first device 108. The stress from the second
dielectric layer 202 can be retained within the gate 110 and/or the source/drain 122 through
the recrystallization anneal.

[0118] Not wishing to be limited to any particular theory, the present inventors believe that

during annealing, the amorphous regions located within the gate 110 and/or the source/drain

122 of the first device 108 are recrystallized under a field of stress induced by the second
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[0147] Accordingly, the present inventors have discovered that by not removing the first dielectric layer
200 and the second dielectric layer 202 from over the integrated circuit system 100 that the resistance
value of the resistance device 124 can be increased and that the performance of the first device 108

and the second device 900 can be improved. More particularly, the present inventors have discovered

that by magielatiogdia hydropenfraacanriRiiomuitBinghentrst disdegiedaner 200200 diadmeva@dulating
the density of the second dielectric layer 202 that the resistance value of the resistance device 124

can be infOr&3&HtBY A M Ir thesraisrd FrmdPivitoinveise/ deup rid o elisr phyaySabitRaVESRr. It is to

be understagstdhatan inckeasedvdrogsmeonaenisataviitindhr dicshdighectric layer 200 can help
promote out-diffusion and deactivation of the dopant within the resistance device 124, thereb

increasind e dbssirrss Brpstersd aydbe dreord disleciis kygeL(gints He @%}é@BHWétt%creasing

the densijypédhesea0nddigleaiie dayre 208 aapHelr leckihe avshaassiTgHef invchioaencireni the first
dielectric layer 200, thereby helping to increase the resistance of the resistance device 124. [0148]

Accordingy el Blestht AVERESP LR Hitkotirstils hdtryl Yo el R i RRERNRY ffs P dBence of

the resisteopgdaviee iddskudatteiing tbe medwgen consrndiation withis/daa firstdlielaatic dayey 200
and by altering the densgﬁ:]rof the second dielectric layer 202 that does not require the additional

processing BBPECH RIS G-tHESBE JAPILIRE (RIS 8B Yrom over one or more of the first device

108 and/py1tbe 3eRomche @yide-Q06uhaiv e cmMiraling (18 M&Reliersingn ot ja fdiedel S fhpéaimais shown
the structure of FIG. 18 afte%emoving the second_dielectric layer 202 from over the first device 108

and the J8E6RY HaicaUspothn UBRBI LSS ediscbHbalRicthe sapsesbairdrbhe  Binoved

from overitoe dirsicdevise thOkanetine sesand deyicec90bhY iarnmingaskpsaeessngtaenaskndyer (not
shown) to expose the first device 108 and the second device 900, In such cases, the first dielectric
layer 20(9}%%%}% f8@8’% ﬁé@dﬁrﬁ%&iﬁ%&l’iﬁé{, ’:ﬁ%sgé&%&d %i8B"580 HAY tﬂé?? SiddARK! JBGTER 124,

while the smeand sitectiicclayad?02 tessaimsdatact over the resistance device 124. [0150] Subsequent
to patterni ask layer, th posed portion of the second dielectric, layer 202 formed qver the
e il LR By HRESHE 0 I D et sy Hrtsdda (e 0GB RETE S ion of
the secoffidsdigitaetricd ®y@ir 200. oe ey alyoilelRécarid tiplechiflayeord2igarfiberegiheddzy ¢cammon
gas chemistries S?W CFZE, SiF4, N(l1:.3 CHF3 and %%FG.Soweverﬁgfjs to be urtll(%sﬁsto d that the
type of gA%"¢h&M 0% 1BeetetPit Ldeting ¥R dlic faD e 369 rbtaus N ERiNHHEY €W Sortant is
that the sEI®Bd theleairialay®liZOzisnieskavied fhommyvarethidiistdemice dhdcanid thendeaohihglevice
900 after etching. [0151] Notably, the process of the.present embgdiment helps to eliminate previously
nocassal HIORALLING SIBBELTIAS Hia e R AT B Eecinl Melbel gy el B Os SHEr
stress mesRiiaatity anEatandderohatl iy ancheichingtafralaawthelionetat thekecornd, digkeetric layer
202 to block silicidation of the resistance device 124. [0152] Referring now to FIG. 20, therein is shown
the e SIS g e T ATl gt 08 A de YR 106 and
the secondtdsvieei A0 Hn soimepeminodintentdethectrst diclaatiiclayeer22Q0 casntor ¢éfronedvieom over
the first clt vi}:e 108 andlg:ée f.ecotn(fll.device 900 in a manner similar to the processes described in
reference to e T2 Sbove éetrjt?s%dﬂ%nt to removing the first dielectric layer 200 from over the first
device 108122{ $héssqoomddevicey BROhthe aledtdicdd aantaged 002 stch asa tavfiresikteained Gfljcide or
salicide electrical contact, can be formed over the gate 110 and.the squrce/drain f the first device
oy el S s e R
contact 4. firis dowiee uriBeastbdet thatotink dirsicd 0L triB yayey 20@andpiec thecacid plietestrindgyer 202
remaining over the resistance device 124 preyents and/or blocks the deposition of a loyv resistance
silicide e?gg{}%’%l &onl 21(? ,g&e%%%egrrlevﬁlﬁng ﬁ)‘wgﬁﬁg 3f tﬁe%r%s%tahlgeecr) { Oéi retgl%tat\rgge %tgs{l/ice 124.
[0153] Inyecesdththei sthouecprocessosie ge firsn didiaghriekigtarCd fesistovdrytis dalsindg thee fodthation of
a silicide contact from fqrmin the resistance device 124 and. by removing dopants from the
osistanc HuTE T e ohe R S e A RSP MY rocess
steps mayrépaledbeaihigdraedisianae sgsistot 08uch asoagowitl thelréstnesistancetvlleexcdrding 500
ohms/squaye, Iy oihes,embodiments, ibe asisance.devioe d 24 may clurls. o hidl fesistance resistor
with a shEet resistance value varying between about 750 ORMS square to a olt ohms/square.
Moreove)k23]tS iisaqudetsto ochtbatnth thpdifornhaierof agtive @ vioes avithitheherfirstenegioh0802 can

be improyed due {o.8G RRICAUYH Olidk SHESH AP UNZAI 0 ARIPLL QRIS resistance silicide

electrical contact, can be formed over the gate 110 and the source/drain 122 of the first device
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[0154] Referring now to FIG. 21, therein is shown a flow chart of an integrated circuit system 2100 for
the integrated circuit system 100, in accordance with an embodiment of the present invention. The
integrated circuit system 2100 includes providing a substrate including a first region and a second
region in a block 2102; forming a first device over the first region and a resistance device over the

second regPRin ahRleskoAdOdsVRiEMin aiirptslislesdricdayrRrdng & RBEPREk diglaelricdayRizouRr the
substrate in a block 2106; removing a portion of the second dielectric Iai/er in.a block 2108; and

annealin§'fs8irfberatad Atuiltdydhr wnishsirnd depidhe disth dirlerddsstare08vwre theaseigrg 2110.

[0155] It hasbaandigcoverestinahihe presant IRveqtine:tusibas MIpRIAUSsasREBIS b{doRsStheh aspect
is that the present invention improves the performance of an active device by utilizing stress

memoriz4fBrstHRsflr felthiguddtafss seliaAs rlsruigit qarttnhiife sheseiscifisahtoR@dntPlease the

resistanceyyabieppé e resistoloneANPITYiRG s Bitaeoially regnaeserd dieleotric layer to prevent
hydrogen out-iassing. [0157] Another as%ect is that the present invention can increase the resistance

value of J0rtEdlribyOahe MG ol Ay B 40RYSrBERESHy LiRsiieERed HithetaHiayerts Jraveht

hydrogenpidkBrsgib Foldlbh Asothe RepeE! s dhaktheprasentrinent Oh cap iBsigase theresistance
value of a resistor by forming a strategically engineered djelectric layer with increased hydrogen

concentrafiorf 1D PIOTRMDINS: LULt AL AR SIEEaRT ifvERtiort tan B SRR XS e value of
a resistor&ystarodng: aisdrategicatiyeanginaes egovelestiedayespyithipciedsad hyeiggesstengentration

via a hydrogen treatment process. [0160] Yet another important aspect of the present invention is that
it valuabi{FSiSoraanth s8I Qe e RS0 FRSA HHAT G V& RS Btss ey GG RSy stem 8 hd
increasingntydaan Cehed QdGdhikegevand 1othesmaldakhigeas pedis efi the @ esabionvemianheet
Consequ?Qst{g/tetgéteh\%lgéevg%?ltggoggp\geg%ca r(])cl)llto“%/ Otgh?rgsl s%ﬁtaEQ ?ona%)(()tultey%l' ohms/square.
[0125] Moreover, it is to be understood that the above process steps also forms active device
structures with improved carrier mobility within the first region 102 by selectively utilizing
stress memorization transfer techniques.
[0126] Referring now to FIGS. 13-16. FIGS. 13-16 include some of the same reference
numbers used to describe the integrated circuit system 100 in FIGS. 9-12 and the process
steps of FIGS. 9-12. It is noted that the layers, structures, and process steps corresponding to
such reference numbers generally include the same characteristics (e.g., composition,
thickness, function, process techniques, etc.) as those described in reference to FIGS. 9-12
and, therefore, their descriptions are not reiterated in detail for FIGS. 13-16. Rather the
descriptions of the layers, structures, and process steps corresponding to reference numbers in
FIGS. 9-12 are incorporated for the same reference numbers included in FIGS. 13-16.
[0127] Referring now to FIG. 13, therein is shown a partial cross sectional view of the
integrated circuit system 100 in an initial stage of manufacture in accordance with another
embodiment of the present invention. The integrated circuit system 100 may include the first
region 102, the second region 104, the substrate 106, the first device 108, the gate 110, the
gate dielectric 112, the channel 114, the spacer 118, the source/drain extension 120, the
source/drain 122, the resistance device 124, the isolation structure 126, the second device 900
and the well 902. It is to be understood that the substrate 106, the first device 108, the gate
110, the gate dielectric 112, the channel 114, the spacer 118, the source/drain extension 120,

the source/drain 122, the resistance device 124, the isolation structure 126, the second device
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[0162] Thus, it has been discovered that the integrated circuit system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and functional
aspects for forming an integrated circuit system including a high resistance resistor and enhanced
active device performance. The resulting processes and configurations are straightforward,

cost-effegtipe aHncREWEGaYed, Righlireasatile snchefidativresanDesiaplamentethbyoagrRrtchknown
technologies, and are thus readily suited for efficiently and economically manufacturing integrated

circuit patRS He ORERIEA SN Ehe FIEREOANNE BetsstdLedBEd T conjunction with a specific

best moq@1i8$ r:-herkdesteediat manyrakenaiies treagificalions Faod variatpnsm ik penapparent
to those skilled in the art in éﬁ(?t of the afore%oi,ng description. Accordingly, it is intended to embrace all
. e 0

such alteHgeS G ERINsMhE s A RaiPiviitin tHee dESh D tHecikeitE Gaims. Al

matters hitheiieterewetdpoih ienate 2hehRiYbui IHaas 0 pANYIRG cHai agsRadeberinterpigted in an
illustrative and non-limiting sense. What is claimed is: 1. An integrated circuit system compyrising:

providingP§ $OBREhR HcRIdMY Beildtsfeditlictit RtcdHl rejidhio be understodd that the first

dielectric layer 200 and the second dielectric layer 202 may include any of the characteristics,
such as material composition, thickness, and process techniques, described above in regard to
FIG. 10.

[0129] By way of example, in some embodiments, the first dielectric layer 200 may include a
material with increased hydrogen concentration. In other embodiments, the first dielectric
layer may include an oxide that has undergone a hydrogen treatment in a manner similar to
the processes described in FIG. 5 above.

[0130] Additionally, in some embodiments, the second dielectric layer 202 may include a
material with a density specifically engineered to prevent the out-gassing of hydrogen from
the first dielectric layer 200. In other embodiments, the second dielectric layer 202 may
preferably include a silicon nitride layer deposited by a RTCVD process, thereby increasing
the density of the second dielectric layer 202.

[0131] Referring now to FIG. 15, therein is shown the structure of FIG. 14 after removing the
second dielectric layer 202 from over the first device 108 and the second device 900. In
some embodiments, the second dielectric layer 202 can be removed from over the first device
108 and the second device 900 by forming and processing a mask layer (not shown) to
expose the first device 108 and the second device 900. In such cases, the first dielectric layer
200 remains over the first device 108, the second device 900 and the resistance device 124,
while the second dielectric layer 202 remains intact over the resistance device 124.

[0132] Subsequent to patterning the mask layer, the exposed portion of the second dielectric
layer 202 formed over the first device 108 and the second device 900 can be etched by
methods selective to the composition of the second dielectric layer 202. Generally, the
second dielectric layer 202 can be etched by common gas chemistries such as CF,4, SiF,, NF;,
CHF; and C,Fs. However, it is to be understood that the type of gas chemistry used to etch
the second dielectric layer 202 is not essential, what is important is that the second dielectric
layer 202 is removed from over the first device 108 and the second device 900 after etching.

It is to be understood that selective removal of the second dielectric layer 202 from over the
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forming a first device over the first region and a resistance device over the second 5region; forming a
first dielectric layer and a second dielectric layer over the substrate; removing a portion of the second
dielectric layer; and annealing the integrated circuit system to remove dopant from the resistance
device. 2. The system as claimed in claim 1 wherein: 10forming the first dielectric layer includes

forming afr@xide sind dorgaing i searnappiRiaatic JanaE iInelisdendatning chnitislge Spldiessygiem as

claimed i?eﬁelc?tié?l g-trvl\llpt?l;gén\i/ithin the first region 102.
[0133] Additionally, subsequent to removing the second dielectric layer 202 from over the
first device 108 and the second device 900, an anneal step can be performed in a manner
similar to the processes described in reference to FIG. 11 above.
[0134] Notably, the present inventors have discovered that by not removing the first
dielectric layer 200 and the second dielectric layer 202 from over the resistance device 124
that the resistance value of the resistance device 124 can be increased over that of a resistor
formed without the second dielectric layer 202. More particularly, the present inventors have
discovered that by modulating the hydrogen concentration within the first dielectric layer 200
and/or by modulating the density of the second dielectric layer 202 that the resistance value
of the resistance device 124 can be increased even further. It is to be understood that an
increased hydrogen concentration within the first dielectric layer 200 can help promote out-
diffusion and deactivation of the dopant within the resistance device 124, thereby increasing
the resistance of the resistance device 124. Moreover, it is to be understood that increasing
the density of the second dielectric layer 202 can help block the out-gassing of hydrogen
from the first dielectric layer 200, thereby helping to increase the resistance of the resistance
device 124.
[0135] Accordingly, the present inventors have discovered a method for easily modulating
the resistance of the resistance device 124 by altering the hydrogen concentration within the
first dielectric layer 200 and by altering the density of the second dielectric layer 202.
[0136] Referring now to FIG. 16, therein is shown the structure of FIG. 15 after removing the
first dielectric layer 200 from over the first device 108 and the second device 900. In some
embodiments, the first dielectric layer 200 can be removed from over the first device 108 and
the second device 900 in a manner similar to the processes described in reference to FIG. 12
above. Subsequent to removing the first dielectric layer 200 from over the first device 108
and the second device 900, the electrical contact 400, such as a low resistance silicide or
salicide electrical contact, can be formed over the gate 110 and the source/drain 122 of the
first device 108 and the second device 900 by processes well known within the art for
forming the electrical contact 400. It is to be understood that the first dielectric layer 200 and
the second dielectric layer 202 remaining over the resistance device 124 prevents and/or
blocks the deposition of a low resistance silicide electrical contact, thereby preventing a

lowering of the resistance of the resistance device 124.
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removing a portion of the second dielectric layer includes removing the second dielectric layer from
over the first device. 154.The system as claimed in claim 1 wherein: annealing the integrated circuit
system includes forming the resistance device with a sheet resistance value between about 700
ohms/square to about 900 ohms/square. 5. The system as claimed in claim 1 further comprising:

20configygirgyihe daashy @idhe:s6eanst dirlastic IBxRklo alips Remesisibieokthe-easisiaacsdevice.

6. An integrated circuijt system comprising: providing a substrate including a first region and a second
region: blocking the formation of a silicide contact from forming on the resistance device 124 and by

removing dopants from the resistance device 124. In some embodiments, the resistance
device 124 formed by the above process steps may include a high resistance resistor, such as
one with a sheet resistance value exceeding 500 ohms/square. In other embodiments, the
resistance device 124 may include a high resistance resistor with a sheet resistance value
varying between about 750 ohms/square to about 775 ohms/square.

[0138] Referring now to FIGS. 17-20. FIGS. 17-20 include some of the same reference
numbers used to describe the integrated circuit system 100 in FIGS. 9-12 and the process
steps of FIGS. 9-12. It is noted that the layers, structures, and process steps corresponding to
such reference numbers generally include the same characteristics (e.g., composition,
thickness, function, process techniques, etc.) as those described in reference to FIGS. 9-12
and, therefore, their descriptions are not reiterated in detail for FIGS. 17-20. Rather the
descriptions of the layers, structures, and process steps corresponding to reference numbers in
FIGS. 9-12 are incorporated for the same reference numbers included in FIGS. 17-20.

[0139] Referring now to FIG. 17, therein is shown a partial cross sectional view of the
integrated circuit system 100 in an initial stage of manufacture in accordance with another
embodiment of the present invention. The integrated circuit system 100 may include the first
region 102, the second region 104, the substrate 106, the first device 108, the gate 110, the
gate dielectric 112, the channel 114, the spacer 118, the source/drain extension 120, the
source/drain 122, the resistance device 124, the isolation structure 126, the second device 900
and the well 902. It is to be understood that the substrate 106, the first device 108, the gate
110, the gate dielectric 112, the channel 114, the spacer 118, the source/drain extension 120,
the source/drain 122, the resistance device 124, the isolation structure 126, the second device
900, and the well 902 may include any of the characteristics, such as material composition,
thickness, and process techniques, described above in regard to FIG. 9.

[0140] However, in some embodiments, the substrate 106 differs from the substrate 106, of
FIG. 9, by orienting the substrate 106 of the present embodiment at a forty-five degree angle
with respect to the preferred crystalline plane orientation, thereby strategically enhancing the
carrier mobility within the channel 114 of the first device 108 and/or the second device 900.
For example, the substrate 106 can be oriented forty-five degrees with respect to a standard
[001] surface with a notch along <110>, thereby strategically making standard [001] surface

with rotated notch along <100> (i.e., the channel orientation direction of the first device 108
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forming a first device over the first region and a resistance device over the second 25region; forming a
first dielectric layer over the substrate; processing the first dielectric layer with a hydrogen treatment;
forming a second dielectric layer over the first dielectric layer; removing a portion of the second
dielectric layer; and 30annealing the integrated circuit system to remove dopant from the resistance

device. and the second device 900 becomes <100>). It is to be understood that rotating the substrate
106 can help to alter the carrier mobility and influence of stress memorization transfer
techniques upon the first device 108 and the second device 900.
[0141] For example, by rotating the substrate 106 forty-five degrees with respect to a
standard [001] surface with a notch along <110>, the mechanical stress induced by the
second dielectric layer 202, of FIG. 18, upon the first device 108 and the second device 900
can be partially reduced. By evaluating the orientation dependence of the substrate 106 upon
piezoresistance coefficients, the first device 108 and/or the second device 900 can be tuned
(i.e., formed within a crystalline plane that is rotated between zero and forty-five degrees
from the preferred crystalline orientation) to be unaffected by the applied stress of the second
dielectric layer 202. Alternatively, the orientation of the first device 108 and the second
device 900 may also be tuned to enhance the applied stress of the second dielectric layer 202.
[0142] Referring now to FIG. 18, therein is shown the structure of FIG. 17 after forming the
first dielectric layer 200 and the second dielectric layer 202. The first dielectric layer 200 can
be formed over or on the integrated circuit system 100 and the second dielectric layer 202 can
be formed over or on the first dielectric layer 200. It is to be understood that the first
dielectric layer 200 and the second dielectric layer 202 may include any of the characteristics,
such as material composition, thickness, and process techniques, described above in regard to
FIG. 10.
[0143] By way of example, in some embodiments, the first dielectric layer 200 may include a
material with increased hydrogen concentration. In other embodiments, the first dielectric
layer may include an oxide that has undergone a hydrogen treatment in a manner similar to
the processes described in FIG. 5 above.
[0144] Additionally, in some embodiments, the second dielectric layer 202 may include a
material with a density specifically engineered to prevent the out-gassing of hydrogen from
the first dielectric layer 200. In other embodiments, the second dielectric layer 202 may
preferably include a silicon nitride layer deposited by a RTCVD process, thereby increasing
the density of the second dielectric layer 202.
[0145] Subsequent to forming the first dielectric layer 200 and the second dielectric layer 202
over the first device 108, the second device 900, and the resistance device 124, an anneal step
can be performed to electrically activate the dopants within the first device 108 and the

second device 900. It is to be understood that the anneal step may include any thermal
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7. The system as claimed in claim 6 wherein: processing the first dielectric layer with a hydrogen
treatment includes utilizing a hydrogen forming gas anneal. 8. The system as claimed in claim 6
wherein: Sprocessing the first dielectric layer with a hydrogen treatment includes utilizing a hydrogen
plasma treatment. 9. The system as claimed in claim 6 wherein: forming the second dielectric layer

over the firsteliglagificlRyBENTe VRIS HePERItip A @nualanirical fentastRiel dierrpigianeesiavice.

1010.The system as claimed in claim 6 further comprising:
device 900, such as a rapid thermal anneal, a spike anneal and/or a laser anneal.
[0146] Unlike previous embodiments, the present embodiment performs the anneal before
removing at least a portion of the second dielectric layer 202 from over the first region 102.
Notably, the process of the present embodiment permits annealing without removal of the
second dielectric layer, thereby eliminating process steps, while not adversely impacting the
performance of a PFET device due to the orientation (e.g., a forty-five degree angle with
respect to a standard [001] surface with a notch along <110>) of the substrate 106.
Moreover, it is to be understood that the second dielectric layer 202 can still effectuate stress
memorization transfer upon an NFET device and out-diffusion of dopants from within the
resistance device 124, as described in previous embodiments.
[0147] Accordingly, the present inventors have discovered that by not removing the first
dielectric layer 200 and the second dielectric layer 202 from over the integrated circuit
system 100 that the resistance value of the resistance device 124 can be increased and that the
performance of the first device 108 and the second device 900 can be improved. More
particularly, the present inventors have discovered that by modulating the hydrogen
concentration within the first dielectric layer 200 and/or by modulating the density of the
second dielectric layer 202 that the resistance value of the resistance device 124 can be
increased over that of resistors formed without the second dielectric layer 202 thereover. It is
to be understood that an increased hydrogen concentration within the first dielectric layer 200
can help promote out-diffusion and deactivation of the dopant within the resistance device
124, thereby increasing the resistance of the resistance device 124. Moreover, it is to be
understood that increasing the density of the second dielectric layer 202 can help block the
out-gassing of hydrogen from the first dielectric layer 200, thereby helping to increase the
resistance of the resistance device 124.
[0148] Accordingly, the present inventors have discovered a method for easily modulating
the resistance of the resistance device 124 by altering the hydrogen concentration within the
first dielectric layer 200 and by altering the density of the second dielectric layer 202 that
does not require the additional processing steps of removing the second dielectric layer 202
from over one or more of the first device 108 and/or the second device 900 before annealing.
[0149] Referring now to FIG. 19, therein is shown the structure of FIG. 18 after removing the
second dielectric layer 202 from over the first device 108 and the second device 900. In

some embodiments, the second dielectric layer 202 can be removed from over the first device
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configuring the density of the second dielectric layer to alter the resistivity of the resistance device.
11.An integrated circuit system comprising: providing a substrate including a first region and a second
region; 15forming a first device and a second device over the first region and a resistance device over
the second region; forming a first dielectric layer and a second dielectric layer over the substrate;

removing agpariomef e se R diometpe Rysingnshanneadinenihe intearatsd Ciiatitspysiaméo

remove dopant from the resistance device. 2012.The system as claimed in claim 11 wherein:
expose the first device 108 and the second device 900. In such cases, the first dielectric layer
200 remains over the first device 108, the second device 900 and the resistance device 124,
while the second dielectric layer 202 remains intact over the resistance device 124.
[0150] Subsequent to patterning the mask layer, the exposed portion of the second dielectric
layer 202 formed over the first device 108 and the second device 900 can be etched by
methods selective to the composition of the second dielectric layer 202. Generally, the
second dielectric layer 202 can be etched by common gas chemistries such as CF,4, SiF,, NF3,
CHF; and C,F¢. However, it is to be understood that the type of gas chemistry used to etch
the second dielectric layer 202 is not essential, what is important is that the second dielectric
layer 202 is removed from over the first device 108 and the second device 900 after etching.
[0151] Notably, the process of the present embodiment helps to eliminate previously
necessary processing steps, such as the entire removal of the second dielectric layer 202 after
a stress memorization anneal and formation and etching of an another one of the second
dielectric layer 202 to block silicidation of the resistance device 124.
[0152] Referring now to FIG. 20, therein is shown the structure of FIG. 19 after removing the
first dielectric layer 200 from over the first device 108 and the second device 900. In some
embodiments, the first dielectric layer 200 can be removed from over the first device 108 and
the second device 900 in a manner similar to the processes described in reference to FIG. 12
above. Subsequent to removing the first dielectric layer 200 from over the first device 108
and the second device 900, the electrical contact 400, such as a low resistance silicide or
salicide electrical contact, can be formed over the gate 110 and the source/drain 122 of the
first device 108 and the second device 900 by processes well known within the art for
forming the electrical contact 400. It is to be understood that the first dielectric layer 200 and
the second dielectric layer 202 remaining over the resistance device 124 prevents and/or
blocks the deposition of a low resistance silicide electrical contact, thereby preventing a
lowering of the resistance of the resistance device 124.
[0153] In general, the above process steps form a high resistance resistor by blocking the
formation of a silicide contact from forming on the resistance device 124 and by removing
dopants from the resistance device 124. In some embodiments, the resistance device 124
formed by the above process steps may include a high resistance resistor, such as one with a
sheet resistance value exceeding 500 ohms/square. In other embodiments, the resistance

device 124 may include a high resistance resistor with a sheet resistance value varying
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forming the first dielectric layer includes forming an oxide and forming the second dielectric layer
includes forming a nitride. 13. The system as claimed in claim 11 wherein: removing a portion of
the second dielectric layer includes removing the second 25dielectric layer from over the first region.
14. The system as claimed in claim 11 wherein: removing a portion of the second dielectric layer

includes pRMRKINGHHE $80QMdISRatHGaMRIufroms SHaTIHguERCOMbERNISE RIieDBYIEHtRg&REONd
dielectric layer from over the first device and the second device. 15.The system as claimed in claim 11

wherein: AN GGRGTEHAISR of 16H Sedoriersividuinithafestimitied Yo Vg RIS dretBetric
layer frorapyiehdion Hfst seeiomelitelaal e aRraaliog.es. after annealing.

[0154] Referring now to FIG. 21, therein is shown a flow chart of an integrated circuit
system 2100 for the integrated circuit system 100, in accordance with an embodiment of the
present invention. The integrated circuit system 2100 includes providing a substrate
including a first region and a second region in a block 2102; forming a first device over the
first region and a resistance device over the second region in a block 2104; forming a first
dielectric layer and a second dielectric layer over the substrate in a block 2106; removing a
portion of the second dielectric layer in a block 2108; and annealing the integrated circuit
system to remove dopant from the resistance device in a block 2110.

[0155] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention improves the performance of an active device by
utilizing stress memorization transfer techniques.

[0156] Another aspect is that the present invention can increase the resistance value of a
resistor by employing a strategically engineered dielectric layer to prevent hydrogen out-
gassing.

[0157] Another aspect is that the present invention can increase the resistance value of a
resistor by altering the density of a strategically engineered dielectric layer to prevent
hydrogen out-gassing.

[0158] Another aspect is that the present invention can increase the resistance value of a
resistor by forming a strategically engineered dielectric layer with increased hydrogen
concentration.

[0159] Another aspect is that the present invention can increase the resistance value of a
resistor by forming a strategically engineered dielectric layer with increased hydrogen
concentration via a hydrogen treatment process.

[0160] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.

[0161] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0162] Thus, it has been discovered that the integrated circuit system of the present invention

furnishes important and heretofore unknown and unavailable solutions, capabilities, and
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516.The system as claimed in claim 11 wherein: annealing the integrated circuit system includes a
stress memorization transfer process. 17. The system as claimed in claim 11 wherein: providing
the substrate includes providing the substrate with a crystalline plane that is 10rotated about forty-five
degrees. 18. The system as claimed in claim 11 further comprising: processing the first dielectric layer

with a hyglragmieapRedtor@ e systeRbasdinast iy eaimnthulirhensamprisinge resistor

configuring the density of the second dielectric layer to alter the resistivity of the 15resistance device.
20. The $PsteaBedirtEaSrerAn RaFOFUICEompifsiguIting processes”and configurations are

straightforward, cost-effective, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus readily suited for efficiently and
economically manufacturing integrated circuit package devices.

[0163] While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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forming an electrical contact over a gate and a source/drain of the first device and the second device.
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What is claimed is:

1. An integrated circuit system comprising:

providing a substrate including a first region and a second region;

forming a first device over the first region and a resistance device over the second
region;

forming a first dielectric layer and a second dielectric layer over the substrate;

removing a portion of the second dielectric layer; and

annealing the integrated circuit system to remove dopant from the resistance device.

2. The system as claimed in claim 1 wherein:
forming the first dielectric layer includes forming an oxide and forming the second

dielectric layer includes forming a nitride.

3. The system as claimed in claim 1 wherein:
removing a portion of the second dielectric layer includes removing the second

dielectric layer from over the first device.

4. The system as claimed in claim 1 wherein:
annealing the integrated circuit system includes forming the resistance device with a
sheet resistance value between about 700 ohms/square to about 900

ohms/square.

5. The system as claimed in claim 1 further comprising:
configuring the density of the second dielectric layer to alter the resistivity of the

resistance device.

6. An integrated circuit system comprising:

providing a substrate including a first region and a second region;

forming a first device over the first region and a resistance device over the second
region;

forming a first dielectric layer over the substrate;

processing the first dielectric layer with a hydrogen treatment;

forming a second dielectric layer over the first dielectric layer;

removing a portion of the second dielectric layer; and

annealing the integrated circuit system to remove dopant from the resistance device.
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7. The system as claimed in claim 6 wherein:
processing the first dielectric layer with a hydrogen treatment includes utilizing a

hydrogen forming gas anneal.

8. The system as claimed in claim 6 wherein:
processing the first dielectric layer with a hydrogen treatment includes utilizing a

hydrogen plasma treatment.

0. The system as claimed in claim 6 wherein:
forming the second dielectric layer over the first dielectric layer prevents deposition

of an electrical contact over the resistance device.

10. The system as claimed in claim 6 further comprising:
configuring the density of the second dielectric layer to alter the resistivity of the

resistance device.

11. An integrated circuit system comprising:

providing a substrate including a first region and a second region;

forming a first device and a second device over the first region and a resistance device
over the second region;

forming a first dielectric layer and a second dielectric layer over the substrate;

removing a portion of the second dielectric layer; and

annealing the integrated circuit system to remove dopant from the resistance device.

12. The system as claimed in claim 11 wherein:
forming the first dielectric layer includes forming an oxide and forming the second

dielectric layer includes forming a nitride.

13. The system as claimed in claim 11 wherein:
removing a portion of the second dielectric layer includes removing the second

dielectric layer from over the first region.

14. The system as claimed in claim 11 wherein:
removing a portion of the second dielectric layer includes removing the second
dielectric layer from over the second device or removing the second dielectric

layer from over the first device and the second device.
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15. The system as claimed in claim 11 wherein:
removing a portion of the second dielectric layer includes removing the second
dielectric layer from over the first region either before annealing or after

annealing.

16. The system as claimed in claim 11 wherein:
annealing the integrated circuit system includes a stress memorization transfer

process.

17. The system as claimed in claim 11 wherein:
providing the substrate includes providing the substrate with a crystalline plane that is

rotated about forty-five degrees.

18. The system as claimed in claim 11 further comprising:

processing the first dielectric layer with a hydrogen treatment.

19. The system as claimed in claim 11 further comprising:
configuring the density of the second dielectric layer to alter the resistivity of the

resistance device.

20. The system as claimed in claim 11 further comprising:
forming an electrical contact over a gate and a source/drain of the first device and the

second device.
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