INTEGRATED CIRCUIT SYSTEM WITH THROUGH SILICON VIA AND METHOD OF MANUFACTURE
THEREOF TECHNICAL FIELD [0001] The present invention relates generally to an integrated circuit
system, and more particularly to an integrated circuit system with a through-silicon-via. 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, calculators, automobiles, etc.
Miniaturization of INGFEGRATEDAT REWIANSYSSWHM WITH M ROBEEESIIIVOoN NVaAinsgyation of memory
and logic has long been one of the major drivers within the semiconductor industry. Consequently,
manufacturer's are turning to thrdEEJIREDs(N M ATSUKASHJ R ERIBRENE required high level of functional
integration necessary to support these products. [0003] Through silicon vial (TSV's) provide one
technique used within the industry for enabling three-dimensional stacking of integrated circuits (ICs),
thereby providing the possibility of heteroge[c}ggﬁmet&%ﬁﬁ% Additionally, TSV technology offers a
reduction in area consumed by the interconnections, while providing shortened electrical pathways with

reduced RC ¢gjgy; 19ROgLURToHVORIG)Y A LULe Methodploaies dadnt adeqalgly separate the

TSV formation process from the contact formation process. Accordingly, corrasion and contamination of
these electrid¥F oAbt ARINEEE P OHRE] STHGE Y HER =S '8r a reliable integrated circuit
system and method of fabrication, wherein the integrated circuit system prevents cross contamination
and corrosion of TSV and contact structures. In view of the ever-increasing commercial competitive
pressures, increasing consumer expectatiof$: @haRIKiNEHY Y opportunities for meaningful product
differentiation in the market?izllacel it is increasingly critical that answers be found to these problems.

Moreover, theV&0B} - THEREEThG THREHTBIS2RAN I AN & R A G A TREEIEER K Mpetitive
pressures addslepaongseatieeoirgemnesato tetasitcalusecqssiprdhatiamswermipattosundaodlese problems. 1

[0006] Solutigns to thgse, proqipms NAvE Besh 1ong soudhL by prion deyelopments nave Aot jaught or

suggested any S(I)I}Utiloné eaﬁ'dgtﬁus,uso UﬁOﬂS tot esce pr%% erens ﬁaveﬁovﬁg e|BC?eVd‘§ 5 ©
functional integration of memory and logic has long been one of the major drivers within the
semiconductor industry. Consequently, manufacturer’s are turning to three-dimensional
packaging to achieve the required high level of functional integration necessary to support
these products.
[0003] Through silicon vias (TSV’s) provide one technique used within the industry for
enabling three-dimensional stacking of integrated circuits (ICs), thereby providing the
possibility of heterogeneous integration. Additionally, TSV technology offers a reduction in
area consumed by the interconnections, while providing shortened electrical pathways with
reduced RC delay.
[0004] Unfortunately, many current methodologies do not adequately separate the TSV
formation process from the contact formation process. Accordingly, corrosion and
contamination of these electrical contacts may occur.
[0005] Thus, a need still remains for a reliable integrated circuit system and method of
fabrication, wherein the integrated circuit system prevents cross contamination and corrosion
of TSV and contact structures. In view of the ever-increasing commercial competitive
pressures, increasing consumer expectations, and diminishing opportunities for meaningful
product differentiation in the marketplace, it is increasingly critical that answers be found to
these problems. Moreover, the ever-increasing need to save costs, improve efficiencies, and
meet such competitive pressures adds even greater urgency to the critical necessity that

answers be found to these problems.



those skilled in the art. DISCLOSURE OF THE INVENTION [0007] The present invention provides a
method of manufacture of an integrated circuit system including: providing a substrate including an active
device; forming a through-silicon- via into the substrate; forming an insulation layer over the
through-silicon-via to protect the through-silicon-via; forming a contact to the active device after forming

the insulatiorl 406} Selndorsnto dings thretbisitdtion heyerlfa0ogiztidhtainremidinrertstohae ivvention have

other steps of,glemanisJreaddition {aidns Riacenal thosasnersionsd abeiessTha SteRs efuglament will
become apparent to those skilled in the art from a reading of the following detailed description when

taken with retpenddlied tAdhsAfompanying 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 TSV. [0011] FIG. 3 is the SN LFRSERH QT f ?;50% insulation layer. [0012] FIG. 4 is

the structure of 3 after forming a contact opening. [0013] FIG. 5 is the structure of FIG. 4 after
oo A oo T S R RS it STETind OF FEIUEISHE. AT S RS0 ca Himtaria.
[0015] FIG. 7sistanpartiaticrggssediigralubigwtoiamuihtegnated eiktritsyStenmnazhrinigiadsiBtage of

manufacture i, aeeofdanae vith ARSMPAOIMENT:eh RGPS MAMEIMAN FOSL ]RGSk thg structure of
FIG. 7 after forming a TSV. [0017] FIG: 9 is the structure of FIG. 8 after forming an insulation layer.

[0018] FIG. 11 ghesdirqettive BrmIce 9 eREcidmiiagd tdAtaeopEREMIBONoIIEAtPT i8)¢ie structure of
FIG. 10 after faming\aneandugtivgidanayer[0020] FIG. 12 is the structure of FIG. 11 after removal of

excess materi 021] FIG. 13 js a partial cross sectional view of an integrated circuit system in an initial
s of mear ARG T R v e Bt ORI BT TV HoH B TSO33Y FIG. 14 e the
structure of RiBcel & alftee fmeming_ed donacilOeRp} biGleifons whid ls&cqntuwmﬁﬁiﬁo ﬂ@m‘tﬂdlﬂeﬁming an
insulation laygr,, (00241 FIG. 16,5 the GUrystiae. of flGadP AUSHIMING 2 JRY SREM S ence 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 TSV.

[0011] FIG. 3 is the structure of FIG. 2 after forming an insulation layer.

[0012] FIG. 4 is the structure of FIG. 3 after forming a contact opening.

[0013] FIG. 5 is the structure of FIG. 4 after forming a conductive layer.

[0014] FIG. 6 is the structure of FIG. 5 after removal of excess material.

[0015] FIG. 7 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.

[0016] FIG. 8 is the structure of FIG. 7 after forming a TSV.

[0017] FIG. 9 is the structure of FIG. 8 after forming an insulation layer.

[0018] FIG. 10 is the structure of FIG. 9 after forming a contact opening.

[0019] FIG. 11 is the structure of FIG. 10 after forming a conductive layer.

[0020] FIG. 12 is the structure of FIG. 11 after removal of excess material.

[0021] FIG. 13 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.



[0025] FIG. 17 is the structure of FIG. 16 after forming a TSV. [0026] FIG. 18 is the structure of FIG. 17
after removal of excess material. [0027] FIG. 19 is a flow chart of a method of manufacture of an
integrated circuit system in an embodiment of the present invention. BEST MODE FOR CARRYING OUT
THE INVENTION [0028] The following embodiments are described in sufficient detail to enable those
skilled in thel89220 Fakéianthaseusiarinvidiion 3ialstdopainndepstedd that other embodiments would be

evident baseghpmiha@resenindisciRaHe rane thah fYsIsMhiRraegsi Y dnegshanical changes may be made
without departing from the scope of the present invention. [0029] In the following description, numerous

specific detail8%H §ioed ds hovige wradidhn LMt A Emiamy b YHPsintion. However, it will be

apparent thafeb2sinvERtionistiaysthe practiced. wahoast thesaspasiVic details. In order to avoid obscuring

the present i ' some well-known cjreuits, system configurations, and process steps are not
disclosed in r@‘ﬁ&’?%%%%qf‘ﬁ%élr%ﬁ%rﬁg S fﬁvﬁgagfcﬁﬁeo %éfrﬁseéf ffﬁsengi}g?e%m are semi-diagrammatic and
not to scale H@7b&Kiculdika Sowelpitiof dinedrmsiohsraraffistureeotiiritytedrpiessentaifiorstendiare  shown

exaggerated jg the RS FIESSIRIANY@lthough the views in the drawings for ease of description
generally show similar orientations, this depiction in the FIGs. is arbitrary for the most part. Generally, the

invention can be operated in any orientation. [0031] Where multiple embodiments are disclosed and

described having some featiiesin 6PPRER FARBHINR R ¢ asgONNLstraiton, description, and

comprehension thereof, similar and like features one to another will ordinarily be described with similar

reference nupELBISTHORBRINEY SXPQEHRAHAHERRSESHIN S teIMcBarRenta AsHusapdealgirdsdefined as a
plane paraIIeLto the conventjonal %Iane or surface of the substra@reﬁ?‘rdless of its orierft tion. The

RS 1B PE SIS APS EHEIBU M Y (R ORI B! GBS NRILAER as

term "vertical
"above", "belevidgtibbitedvn ttepieisidel s@ssime;siod a8y stéig pertes owersHampd chdigesnhaand "under”,
are defined ig espect 19 t@ g ? tI%I Bl; 8ha% ﬁ{%ovly igtmg ggg es. 3 [0033] The term "processing"
as used her;%l)nqrr{cﬁjfels detpoe(i)ltl'olnéo#5 mayte_r‘?% gr pﬁoto eés;llgt,' _paettemﬂlhg, exposure, development,
etching, cleaf®d?khd/be réHevaroiderermbgarialarcionbtoredide adetaliufred $H e8rieingf & tieseribed

structure.  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.
[0030] 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. Similarly, although the views in the drawings for
ease of description generally show similar orientations, this depiction in the FIGs. is arbitrary
for the most part. Generally, the invention can be operated in any orientation.
[0031] 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 similar reference numerals.
[0032] For expository purposes, 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 direction perpendicular to the horizontal as just defined.

2 (13 9 13

Terms, such as “above”, “below”, “bottom”, “top”, “side” (as in ‘“sidewall”), “higher”,

L I3 9% 6

“lower”, “upper”, “over”, and “under”, are defined with respect to the horizontal plane, as

shown in the figures.



[0034] The term "on" is defined to mean there is direct contact among elements. [0035] 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. [0036] The terms "first” and "second" as used
herein are fol(9dd)cSesstemeiffepeeratiomsbesddencaldnetinies gapsinanare maetalber bakstiesst as limiting

the scope of Baﬁe%ﬁ?r@xﬁ@yﬁ@ﬁ%vi%%ﬂnlh&%@, "B ENEANPASSRY A0 e singwar gnd the plural
unless otherwise indicated. [0038] The term "self aligned" is used herein to mean the act of performing

one or more RAYSENNSRARYBRL BB A IFSFARE LRI tHEL the features formed are automatically
aligned with j[@sa#¢dHoeme ‘@ndibdefimdbad proeassio s sieg: [AB8Q] dhentecranmaative device” is used

herein to me SIt]uJ[l functioning and operable . deyice that can increase the magnitude of a given
oactrical im0 eS0T P I T follow,
depict by wayhfikysrriple. andmotabpelimitationbedimene npykiiedrdeess fay e foramplon of a integrated

circuit system aad, gy-are Nt 1Rg . AANSY R AR UTILNg: [fisdoecinderstond thasaplality of

conventional processes that are well known within the art and not repeated herein, may precede or follow
FIGS. 1-19. #BiEd0EAHE%0 be understood that many modifications, additions, and/or omissions may be
made to the pedas] dascrbad matesadvittiouhdiepariieg fiemitheesseappugidhe oaidmedesubiRet matter. For
example, the below described process may include more, fewer, or other steps. itionally, steps may
e porformed Sas) SHUHHS SIN Ttk oot St SR B s SR ol TR fooany
Moreover, it imyenierappreciated that the active device of the present disclosure may include any number

of multi-electjggig; fe¥ICES (L 9.y UG ARYILRSIHGHIIES) I WRICAREHEUPI&RAL lRNRIJaRIEEN two

specified electrodes is controlled or modulated by the voltage applied at a control electrode. Exemplary
illustrations nﬁ"éy‘i‘?‘f&ﬂjde a bipolar junction transistor (BJT), an n-channel metal-oxide semiconductor

(NMOS), a p{obasimehénetal-oxiden diramicandaciatiPM @Sin amoneplementanynpeiad-oxigore

SemicondUCt(s)tre g;\rlll\%ﬁ)mg one or more materials such that the features formed are automatically aligned
with respect to one another in that processing step.
[0039] The term “active device” is used herein to mean a fully functioning and operable
device that can increase the magnitude of a given electrical input parameter by merely
establishing electrical contacts.
[0040] FIGS. 1-19, which follow, depict by way of example and not by limitation, an
exemplary process 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. 1-19.
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 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.
[0041] Moreover, it is to be appreciated that the active device of the present disclosure may
include any number of multi-electrode devices (e.g., active device structures) 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 a bipolar junction

transistor (BJT), an n-channel metal-oxide semiconductor (NMOS), a p-channel metal-oxide



configuration, a single-gate transistor, a multi-gate transistor, a fin-field effect transistor (fin- FET), or an
annular gate transistor. 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. [0042] Moreover, it will be appreciated by
those skilled samirordudioat tHBNESRiques esithleninisaent embdiitentsoaruluged tdGAHAZhte an

integrated cirgy{kigysigm, il SofanRia - ARistalivelaYict. Haingexising £anvertirpaNMAEPMOS, and
CMOS compatible process technology, thereby minimizing or reducing the cost of manufacturing. [0043]

Moreover, it 150)b& dEIEHEE FHidf thstHe BITHEFEVFtiHe Bl%ibe Yuliickot the IRtedrater Scuit system
manufacturehbyittegrermbodiiesistclasaribbe dhpreparehnchadiseet vithimpdboessaichotupldnants, memory
components, logic.components, digital co ents, analog components, mixed-signal components,
power com posrelgqur%?graﬁ?tg-f}lé%ﬁie%% f’lﬁﬁyg}:%por#pgh% rtastrg e.ﬁ?{cﬁlg%ﬁﬁig@glsrcﬁtg) ,l%l?gritgtiagfgﬁ%? processor
components,fabideatialectromechanical components, optical sensor components, and so forth, in

numerous cqpig{rRiiRDsand aANgemRatsRS Blavke nerdeth (R0441iLsheuld e edersigod that the

definitions and nomenclature used herein are given by way of example only and that one skilled in the art
would readilyPErigRrStaPRimSRStFY b&éﬁﬁﬂi%g%ﬁﬁcﬂ% éﬁ‘?é%ﬁfﬁ% THEY by HeRd [ MnRite the
techniques, systamsvileyicasg andtinethadsdesdriietbise im0 §) 48] dMocsoven i ihiskiress of the
layers descrilge r(l)?reint%vill XIepgend upon theddesigrt}1 rule ?nd th Clljlp’ent process technology node.

0

However, it wilt be URdersto %ﬁ%sgg Skiffedinne ant r?atr?ﬁléuparcetsélrl]%'embodiments are not limited to

any specific ((90d8k¥eechvanldgiy node, noletgadytbgedifiovaloenimznyf chehecprockscparatheters
described hefgin, . [00461- Geosially nihg.folawing LRbdimeRi FRlal& AR Mehad onsystaryfor

integrating a through-silicon-via and a contact into the normal wafer fabrication process at the front end.
In at least on¥ EHOBETAEAE, SAPBUGEIM IO PERSRD 1D RSinSIRBASAt LS HhAeMPPBEakting the
already formegalbpoughpsitieas-\iaxdo-apaiheoapiredisneatve nitidrmeask reas-heqused tordefine the
contacts, Whilelgrotectin%]the aﬂ' awﬁ ed thtr ugh-sili on-viq. In é{et another emk%odiment_, a nitride
mask can be U588 16 defiié the hroug SSiliCon-via, Vihie ps%%lfgcti%rﬁ Séoélrg%lal}o ofimed'contacts. 5
electromechanical components, optical sensor components, and so forth, in numerous

configurations and arrangements as may be needed.

[0044] It should be understood that the definitions and nomenclature used herein are given by
way of example only and that one skilled in the art would readily understand that other
definitions and nomenclature may be used to illustrate the techniques, systems, devices, and
methods described herein.

[0045] Moreover, the thickness of the layers described herein will depend upon the design
rules and the current process technology node. However, it will be understood by those
skilled in the art that the present embodiments are not limited to any specific process
technology node, nor to any specific value in any of the process parameters described herein.
[0046] Generally, the following embodiments relate to a method or system for integrating a
through-silicon-via and a contact into the normal wafer fabrication process at the front end.
In at least one embodiment, an oxide mask can be used to define the contacts, while
protecting the already formed through-silicon-via. In another embodiment, a nitride mask
can be used to define the contacts, while protecting the already formed through-silicon-via.
In yet another embodiment, a nitride mask can be used to define the through-silicon-via,

while protecting the already formed contacts.



[0047] Referring now to FIG. 1, therein is shown a partial cross sectional view of an integrated circuit
system 100 in an initial stage of manufacture in accordance with an embodiment of the present invention.
In general, the integrated circuit system 100 may include one or more of an active device and/or a
passive device. In such cases, a multitude of different regions (e.g., memory, logic, high voltage, etc.)
can be formel@¥/d Rotgrang/opwvithiAl& sibsheacen1 G2shsvitn e nrariiaglactore ssctenvie aew/of passive device

structures by; onyeationalidepasitiomorattaming:pheielithiparanhm.ard sichingdarlnigdesknown in the
semiconduct%rocessin%industry. Moreover, it will beggpreciated by those skilled in the art that

although the PFPOSEHRE N Bb i BRI Ny BNy B ef5iRTEd With PASPREL SR aeta dQ0id¥Etructures, it
is to be understtnd thabihesystem anddadetheds desaiasidvbdmeioearm appliaadle wonady shore active
device structyigs (5,6, NMOS or BMOS) fhrmedauiinn, isglated, semidense pr.dense aprg
configurations.F[% Hg}? Some Bmbodiments, the substra ’16§'may include a two hundre %500) mm or
three hundre® (800} rirhsgeinitohdoctbe waerfagpon oWhichvangndlombessiof adgtivee aticiinigsabsive device

structures anghigidbier GRS AOMIALHIMAb R NEYAf SARMPIEn N URSASAGR may include
<,

any semiconducting material, such as, Si, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other BUV or
1V compouRtTEeTRILGHYRERSFSS A8 (NENsHY- dMlesin h-thIhis Borigtirdionoau bty e substrate
102 may alsathaludgdopedihandesandepaadcamdiguiadigasrepitaxfad dayeith sispiaecaonfigdrations, and

one or more 896§ta| oruilprte%tl?tnlsé (t%'%'e-uflgigr(s)'?b<]ff1fe(l)[> and/or <111> onﬁ)rgnta |onsgé(\{v ich may be

strategically emf)foilter:u 0 optimize carrier mobility Wittitulien NMB<End 658 evices. The stbstrate 102

may also inclyidicne riatadadt et estinredearnogpiiouses fog-imiNEPtatio AM 084 9pimeshe igibodiment,

the substrate; 102 /may,AISRIGCHIR ARG LI PHELEA¥E! 104, such as an n-type well where p-type
MOSFETs m% be formed, a p-type well where n-type MOSFETs may be formed, and/or a twin well

configurationlf848] hsemgpembetinapicdhe sUpstate Waiman Beledsedne dmsbetntdib, tREBWell 104 may

include a lighiilyed apedraeli3t0)withbeeappsegiated wyfdhoga skiaehinthenanisbaba seikegsiaderwell implant

may be used, (o, obtain optmum,clectiical characteristics for (e deyices formed Within the substrate 102.
[0050] In somé émbodiments, thessibsrste 152 may POSSesSS a Pnic ness ral){gvlvné’ from abodt one

hundred (100)1¢1amm¢ek@2tmabbwﬂmlsmtm®dmmgrmrf& elmFxléi,[GGSI&}i_E_igvﬁéa/ﬁé@,ethe examples
provided for te;subgiralg, kA2 AresNeiso RELAnFUSAae 1 BiHPsLARLIRE-6RIMARRQY QEihg substrate

102 may include any surface, material,
silicon-on-insulator configurations. Additionally, the substrate 102 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 NMOS and PMOS devices. The substrate 102
may also include any material that becomes amorphous upon implantation.

[0049] In one embodiment, the substrate 102 may also include one or more of a well 104,
such as an n-type well where p-type MOSFETs may be formed, a p-type well where n-type
MOSFETs may be formed, and/or a twin well configuration (e.g., an n-type well adjacent a
p-type well). In at least one embodiment, the well 104 may include a lightly doped well. It
will be appreciated by those skilled in the art that a retrograde well implant may be used to
obtain optimum electrical characteristics for the devices formed within the substrate 102.
[0050] In some embodiments, the substrate 102 may possess a thickness ranging from about
one hundred (100) nanometers to about several hundred microns, for example.

[0051] However, the examples provided for the substrate 102 are not to be construed as

limiting and the composition of the substrate 102 may include any surface, material,



6 configuration, or thickness that physically and electrically enables the formation of active and/or
passive device structures. [0052] An active device, such as a first device 106 and a second device 108,
can be formed over, on and/or within the substrate 102 by conventional deposition, patterning,
photolithography, and etching techniques known in the semiconductor processing industry for the
manufacture ehégietiandotipakeiye delidtesiqdlgome dasbisdibicamad]ehdlirdomeation 0B ENed the second
device 108 mayiinclude one-naraRfan active device, such as one or more of an NMOS device or one
or more of a PMQS device. In other embodiments, the first device 106 and the second device 108 may

include a PME®H0RALNE S kI deAdEstdofer R0 db e tistehllfbmmey AEROS device.
However, it iterbecundadsiood tihat tive fisgbdenicel 006 andctheseioand depiciid8 precnohdimited to the

preceding exgmpies, and. ay,neluge, any pumbet ol mull glectiade devices ntich ihg qurrent flowing
between two? specl ied ehettrodes is controlled or modulate %y the Vo Page gpﬁlled &t & control electrode.
[0053] In genkerahamesfivictiegicé 08cand/thepsstrndt deticd O8nmanstimgnttuthe dinghdevite0, a gate

dielectric; 1121(}'6 chamneletlad fﬂé‘iﬁ%& %@@%ﬁﬂﬂqﬁhﬂéi%%'Eﬁh&%%f%ﬁ%@@@&?ﬁ%?gué{?% gnsilicide contact
122, a dielectric layer 124, an isolation structure 126, a source/drain extension 128, a halo 130, a

source/drain 8% & ﬁ%&@%&ﬂ&%@ﬁﬁ,(’éﬁﬁ”é’ PSVPObRRify a6 aBs I RPedmE BB fiftents, the
gate 110 mayibectonoreaniran cerwaniional materiglsnéneledirydzpeevarschindepadesmisanducting
materials (such as, for example, polySi, .amorph [, por SiGe), a metal, a metallic alloy, a silicide, a
metal nitide. PR ST Bt e SO R e e D A B AR B T e e
110 includes tae fmstale tive ifétadriby instoddaapplls tungstdmisddnoithmpratkdmnamaaiiey apdiladium,

titanium, tantalimy Qickeln CaRALe ANEMRNMRASRMB A HIEDGIRKS: BY WAk R RXARYNENE Ry gate 110

includes a metal silicide, the metal silicide may include copper silicide, tungsten silicide, aluminum
silicide, palladhepiigielagratentsAdiptifeotaadis Shicibe v pliere rRRER, i lSiRGHRd% rbium silicide,
and molybdeesBilicidacHi agedtdaneeivithothenseape:afithadniesant embadimenmdethenmaterials,

which may b own to those. skilled in the art for gate structures, may .also be used fqr the gate 110.
(0055] Gonerbily WAGAIRSELS i e Rl by SET G e AR BE Dy B S vapor
deposition (PMD) asillciditiomtgplati?iy, adidlertacdmior |83k r deposiiions(AkcDie TR, a source/drain

extension 128, a halo 130, a source/drain 132, a passivation layer 134, and a TSV opening
136.

[0054] In some embodiments, the gate 110 may be formed from conventional materials
including doped and undoped semiconducting materials (such as, for example, polySi,
amorphous Si, or SiGe), a metal, a metallic alloy, a silicide, a metal nitride, a metal oxide, a
carbon nanotube, or a combination thereof. By way of example, if the gate 110 includes a
metal, the metal may include copper, tungsten, aluminum, aluminum alloy, palladium,
titanium, tantalum, nickel, cobalt, and molybdenum. Furthermore, by way of example, if the
gate 110 includes a metal silicide, the metal silicide may include copper silicide, tungsten
silicide, aluminum silicide, palladium silicide, titanium silicide, tantalum silicide, nickel
silicide, cobalt silicide, erbium silicide, and molybdenum silicide. In accordance with the
scope of the present embodiments, other materials, which may be known to those skilled in
the art for gate structures, may also be used for the gate 110.

[0055] Generally, the gate 110 can be formed by chemical vapor deposition (CVD), physical
vapor deposition (PVD), silicidation, plating, and/or atomic layer deposition (ALD). The
gate 110 may also include a multilayer structure and/or a dual structure including different

gate heights for different gate structures.



gate 110 may also include a multilayer structure and/or a dual structure including different gate heights
for different gate structures. 7 [0056] The gate dielectric 112 may be made from materials including, but
not limited to, silicon oxide, silicon oxynitride, silicon nitride, a silicon oxide/nitride/oxide stack, a high-k
dielectric material (i.e., one having a dielectric constant value greater than silicon oxide), or a

combination t8pebThdswevéiclécizcol be mardsoad: thantheatppel vingladenial R oxgrifoitehdogate
dielectric 11%ig Ratdimitediodhe-REcRAINGIRYAMRIRS; IPLifxGMRRC IR ABisxHielastic, Klgmay include

any material that permits induction of a charge in the channel 114 when an appropriate voltage is applied
to the gate 1H#7FHUATEBIAEPCE Siff T dBe ASliSIHE HRseHt %@&mﬁfrﬂ&ﬂoﬂﬁmﬁf&%g{ which may
be known to thagenskibechinetite Hibwerdgaiieis St uctuies smaytrdschbeypsed fardihe gaiealielecizic 112.
[0057] The gate djelectric .can be formed, by thermal oxidation,.ALD, C\YD, or PVD. The. gate
diclectic 11203 S s Qo e SR Bl o el S GR Es E  prvos
devices. In atllgasapnec bibadimeier thigaterdiesl éedrictivn 2haghirgdudéha chinhildydrvghanctare, such as

a fjrst Igyer Oﬁﬁﬂ?&ﬂ% @&ga %@%‘ﬁBﬂe@Y@'{lﬁf gaéaigh*ok ﬁ?ﬁ&@&ﬁhaﬁ@_@%‘&%i|§&%@QP{1&”&B{5§&PV thos_e
skilled in the art that the thickness of the gate 110 and the gate dielectric 112 can vary with the design

specificationSBREFIPTAE: oM PYEERMS1 08y  Protdskenb e ., eiinikBisd in die pibitheHftegrated
circuit systemukdurésenarallyo thhastiicknessat thelgate 110 is between about 500 angstroms and about

3000 angstr the thickness of the gate dielectric 112 is petween a 1 gstr and about
50 angstroms. ?-OPV\?él\? ?ﬁ%fgslléeﬁ:e%%lgriélﬁ(g%c %’éIsmseé}sl)é;f]t eerznglgaeﬁ(éx cﬁg%{]ﬁl lié’gga e di%rlegc rc 112 may be
appropriate dEpegdindjderthe dasiory sipecifidationsroftitey firstraavicander diftethe setomds fevice 108.

[0059] The firgh f59GRE PHROGAR ELOrmatiadianRi-Bsaate 1R and mavinciesdigiaciis materials

such as an oxide, a nitride, or a combination thereof, but preferably includes silicon dioxide. The first
spacer 116 cEAY HdREHHY S VShSh STt SIRIcE, midtiang: sseerbirhetiishphyetedrapor
deposition, cheuFstat vapoe dpprsitien Bnthikesmatoxidation, (felltweaddysn anpeqariateceish process
that forms a substanaahl vertﬁgl sidewall, in at leﬂilSt one eipcggghrpgg&ﬁlpggo%me f|rs£1I1| er 118 can be

formed adjactélﬁtgcﬁg irs %ff)lgcer 116 &h Vrﬁgiltlr?c fae" dRIEHE MafEiars U AL A oX 823 nitride, or a

combination thesenstnbde prefesdbiy, 32nm, etc.) for the integrated circuit system 100. 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 106 and the second
device 108.
[0059] The first spacer 116 can be formed adjacent the gate 110 and may include dielectric
materials such as an oxide, a nitride, or a combination thereof, but preferably includes silicon
dioxide. The first spacer 116 can be formed by a variety of techniques, including, but not
limited to, physical vapor deposition, chemical vapor deposition and thermal oxidation,
followed by an appropriate etch process that forms a substantially vertical sidewall, in at least
one embodiment.
[0060] The first liner 118 can be formed adjacent the first spacer 116 and may include
dielectric materials such as an oxide, a nitride, or a combination thereof, but preferably
includes silicon dioxide. The first spacer 116 can be formed by a variety of techniques,
including, but not limited to, physical vapor deposition, chemical vapor deposition and
thermal oxidation, followed by an appropriate etch process, thereby forming a substantially

“L” shaped liner, in at least one embodiment.



includes silicon dioxide. The first spacer 116 can be formed by a variety of techniques, including, but not
limited to, physical vapor deposition, chemical vapor deposition and thermal oxidation, followed by an

appropriate etch process, thereby forming a substantially "L" shaped liner, in at least one embodiment. 8
[0061] The second spacer 120 can be formed adjacent the first liner 118 and typically includes a material

(e.g., an oxidd081iitFlge sesondcepatsindiOnceve heofpimad cibinpansdhectivaslyinetchd wwidhtregdst to the

material of thg, fisfinghad 8. fOL eXaWAlR, f gidirstineshbRidofoimedging silicog.dioxds, the second
spacer 120 can be formed using silicon nitride. For such a spacer material composition, a plurality of

anisotropic effFPRS TR HodE- R INighadH dreildl; 41 Gamplol WRATFHEEY Tie second
spacer 120 casirhel favimediyadiaiiritief eahidigues: tudng huimsotkimgediton cheiacalorapor

deposition and physical vapor.depasition, follo edaén an appropriate anisotropic. etch. 0065)] In other
empodiments e e Sh AL ] S B HRE Tk Er A BB SR BRI RED ictuce any
type of stresdrigltieicinseleriteitiabth sttt dnefe rsifhdnitiverantlde segrndipatredddeambegfatenad by the channel

114, a SOUVCQ_/Q[@@?' &%ﬂﬁiﬂﬂeﬁ?%@ﬁqﬁf@/&ft %o?ﬂﬁ(ﬁ@dC{@iEhéﬁg@ﬂv_ﬁﬁ}& &@é&?aﬁaepﬁgrﬁéﬁ-inducing
material may include a stress memarization material or a compressive and/or tensile stressed material.

By way of ex4tRpISCRANEARHEI Y EL By BARRE PHRLCHFARIe £8Dand/or the second spacer 120 include
the charactefi®ées bf atséresatv@imerizatienflayeaidhe fing, spadattlifethedjrahdinertde Secnd/or the
second spacer 1grol%n tranffer tt'lgHeintri sic stress ta an active dev'ict%altl%%qsflé(raé:lrystzhlgnze%t[i%p of the

amorphous rg}éﬁgns withiiv thé’active dav ggpgrot & Stibatrate 102" “Genéra , such teCl nigues permit the

first spacer 1inginkie firstsh nert11618f;ltanﬂl@rtﬂ@erem@id_lépacmuﬂ_czﬁit@ilimpmsamompms@déost?ess ora
tensile stress;ypagdhgchanael 1t {harey.enhaneing hg.amouniefiauirgpt ihat&an flgw through the

device. [0063] However, it Is to be understood that the type of materials chosen for the first spacer 116,
the first liner PEBIOHHAIHEAUERHPSHARBPESH SranAOr FRNETSHE thé! 4B X B LERE TRy include any
material that paemitseelstripatisolagomeffine gade 119), adreation tendaipiaddoppmidqadiienwithin the
substrate 102 ad'acent.thefchannel 114, and/or gmo er?lel hi%h thh 1§e%?r%ti\1/iit té(veen the first liner

b
118 and the §3%ﬁt résﬁléf(s:é)r ff&eféd%ezﬁl TS b Aderstbod S rthcla thickness Ialmrd]lor’veln /r?rof each of

the first spacérl16;otbe dpseliné20L k8patrdnitier sdtcondnspaster 120smiay detesminedatideaspim part, the
location of a recrystallization of the amorphous regions within the active device or the substrate 102.
Generally, such techniques permit the first spacer 116, the first liner 118, and/or the second
spacer 120 to impart a compressive stress or a tensile stress upon the channel 114, thereby
enhancing the amount of current that can flow through the device.

[0063] However, it is to be understood that the type of materials chosen for the first spacer
116, the first liner 118, and the second spacer 120 are not limited to the above examples and
may include any material that permits electrical isolation of the gate 110, formation of a
lateral dopant profile within the substrate 102 adjacent the channel 114, and/or a moderately
high etch selectivity between the first liner 118 and the second spacer 120.

[0064] It is to be understood that the thickness and/or width of each of the first spacer 116,
the first liner 118, and the second spacer 120 may determine, at least in part, the location of a
subsequently formed source and drain region, a low resistance electrical contact, and/or the
proximity of a subsequently deposited stressor layer to the channel 114. Accordingly, the
thickness and/or width of each of the first spacer 116, the first liner 118, and the second
spacer 120 can be altered to meet the design specification (e.g., sub 45 nanometer technology

node critical dimensions) of the integrated circuit system 100. For example, the thickness of

the first spacer 116, the first liner 118, and/or the second spacer 120 may vary with the



subsequently formed source and drain region, a low resistance electrical contact, and/or the proximity of
a subsequently deposited stressor layer to the channel 114. Accordingly, the thickness and/or width of
each of the first spacer 116, the first liner 118, and the second spacer 120 can be altered to meet the
design specification (e.g., sub 45 nanometer technology node critical dimensions) of the integrated circuit
system 100. Resirestarhptanciiecthicknesssistanise flestigm contbet ouge firstulipddrangregialy anthéssecond

spacer 120 may, ¥ayprikinthe B desires placament Qua fow J&SIsi@ans& electrical contact over a

source/drain re%%n and its resultant proximity effects upon the channel 114 of an active device. [0065]
Furthermore, %A BRrRSpRSEated HhPhirgeesiairdbn recaltticdr athoaig i & dioaeB s raiithe is
depicted as aearmbinaticspiefdhadinst spacaridd 6f the fiist kparel 18 cand thst seeondsspadethi 20, it is to

be understood tha& the SPagE tructure c e for by one oLmragrrg Spacers. %9606 The integrated

A Y
. . N spac 1S.t0 .be understood tha acer S ne pr ..
circuit system f86 y also ihclude the silicide contac 355, such as a [ow resistance sfflcmpe or salicide

electrical contat; fpreaesd over the gate 110 and the source/drain 132. In some embodiments, the silicide
contact 122 mppépatide R ANGGINg seampeoyRg, hiad iarme.an-algeiticabinieriaee Qrivgen itself and

another material that is thermally stable and provides uniform electrical properties with low resistance. In

other emboditefRESHESifLigdcont a4 ArgirilisaB e dtBSH netal hragiad 'SLeahd e tantalum

(Ta), cqbalt (Qm}c&'vt&_aiy MBLTiln Mngséﬁmd&m;epiatmumi@ﬁmhmlymgw ﬁﬂ(ﬂMﬁ)anbncyﬁ_iﬂLQﬁﬂl@’
embodiments, the SIAICFI eatc?ntact 1221£(C)trrm d.ov%r the S%Jergﬁa/gggllpaln cart]jbe S%If-.%li?]g d.to the

second spacg(r)T%HVG a salicide f)?o%essf Olénﬁ ?%il%e appreciate billnt 0se 'Skiie e"art that the

silicide contadteti22llyastabtfe andpeonidilitpibfroanierisi¢al gprogerite sttbskes insptmed bintléhsilicide
contact 122) withig; g chapnglidilid ebgithen e first deviee 106.000esas0nddRyicadq8for example,

in cases where the first device 106 and/or the second device 108 includes a PMOS device, if the silicide
contact 122 i§PrIEBUIGY ERNEY (6thed EREHRAT D1 B BtEmel YeliEa hersierdatsrart™ 4%¢an

detrimentally lafieetother mabiityneh samierdinitbicotie chznnghklid s B Gbuitdaiteinos urdersiood that the
thickness of thﬁ ﬁiSt spacer 116, the first Ii%r 118 zf.nd the second spacer 120 can be modulated (e.qg.,

by increasings? féa KiKnSss tsgc:reén ude st neg‘éltaeatﬁ%lcé%etﬁfﬁ%%sfal effect that the silicide contact 122 can

have on carri0fToBilityliithipriiel ohdbrehosd dkdfethen finstadethigelbG8iand/omtiaet $82ond dépgice 108.
the mobility of carriers (e.g., due to stresses imparted by the silicide contact 122) within the
channel 114 of either the first device 106 or the second device 108. For example, in cases
where the first device 106 and/or the second device 108 includes a PMOS device, if the
silicide contact 122 is placed too close to the channel 114 of either device, the silicide contact
122 can detrimentally affect the mobility of carriers within the channel 114. As such, it is to
be understood that the thickness of the first spacer 116, the first liner 118, and the second
spacer 120 can be modulated (e.g., by increasing the thickness) to reduce or negate the
detrimental effect that the silicide contact 122 can have on carrier mobility within the channel
114 of the first device 106 and/or the second device 108.

[0068] Alternatively, the thickness of the first spacer 116, the first liner 118, and the second
spacer 120 can also be modulated (e.g., by decreasing the thickness) to enhance the effect that
the silicide contact 122 can have on carrier mobility within the channel 114 of an active
device (e.g., an NMOS device). Accordingly, the thickness of the first spacer 116, the first
liner 118, and the second spacer 120 can be modulated to enhance or reduce the effects that
the silicide contact 122 can have on the stress level within the first device 106 and/or the

second device 108.
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[0068] Alternatively, the thickness of the first spacer 116, the first liner 118, and the second spacer 120
can also be modulated (e.g., by decreasing the thickness) to enhance the effect that the silicide contact
122 can have on carrier mobility within the channel 114 of an active device (e.g., an NMOS device).

Accordingly, the thickness of the first spacer 116, the first liner 118, and the second spacer 120 can be
modulated tol @i rekthongie thecelibideetfatts! thid ishbosilicioiened meesttho Pretade riged Un itheikthess level

within the firsfdeviceed 08 andiondngd seaanshdaxiare1%:id0 J9A88] AlthaHak BaRIIAS epBiACt 122 is

shown formed over the first device 106, it will be appreciated by those skilled in the art that the silicide
contact 122 EAMY 1BFrfEY Bods ot Orrreirliss trreit Aot 88 88 Wrbbr e YetbRbBedrtiaos, as well
as, any or all@fibefactive wildinaaeformestatithicuthe ssdegraded circuit system 100. [0070] The dielectric

layer 124 ca -selectively or selectively deposited gver or.on.the entirety or portions,of the
imegrated Ty (S0 T e SO bR e erR, T B Beiie a paurier
layer (e.qg., sificomeHividedrtivas miotee i tsatastivecyd gionenwitbiin theasUerstrane o dbnmedopants in a

subsequentlygepasited fimeniayarRR7binienptherembodiment: e dislerticlaver d2ddmay include

a stress engineered material that induces a stress upon the first device 106 and the second device 108.
In such case&&iARs SHHOEL iR gihesrisd frysra dananss dirategreany e derstcdidaapbyited to exert
compressive [@odipniensitacstiessetndapandiagvpon theetypeiofdevied e o, ieasiledanebibiOS and

compressive for PMQS). [9072] By way,of example (he diglectric lavet 124 may gy, a sjcon nitride
layer deposited by a plasma enhanced chemical Vapor deposition process. In such cases, 1t is to be
understood tleasea. ntheltitrels chdimposilidaypearanmeterststaghcaltyrarsignedflond rdtpssipbdsurrsritemperature,

RF power ang,fieauency(gartantmalgials, afiitkness, A0 Readivgted o poduiaie the

compressive or tensile stress within the dielectric layer 124. Moreover, it will be appreciated by those
skilled in the MRt UBBESPAERYERS hre not limiting and that additional parameters may also be
employed anpyer2ansRipulated temitigetuntediRaueppserof 2ioimngrdieddielechided ayide2thyith a
specified inte(tinal sttrg%s tha%iwill inct:lreas tpg: pe formance of.an active dleviC}bé/ enhancina the carrier

mobility within‘the channeP 14/ SIvF Erbodiméh §,d é’saﬁlé’féBfﬂ%eféyeP 1% n%‘é%sa’l%los iRcltde a stress

memorizatioraystdbd thivan sfelstide sifebptsitie finstiaevices106 amdathensdoonthidevicesd@8 upon
annealing. temperature, RF power and frequency, reactant materials, and thickness, can be adjusted to
modulate the compressive or tensile stress within the dielectric layer 124. Moreover, it will
be appreciated by those skilled in the art that the above parameters are not limiting and that
additional parameters may also be employed and/or manipulated to effectuate the purpose of
forming the dielectric layer 124 with a specified internal stress that will increase the
performance of an active device by enhancing the carrier mobility within the channel 114. In
other embodiments, the dielectric layer 124 may also include a stress memorization layer that
transfers its stress to the first device 106 and the second device 108 upon annealing.

[0073] The isolation structure 126, which may include a shallow trench isolation structure, a
local oxidation of silicon structure, and/or other suitable isolation features, can electrically
isolate and/or separate the first device 106, the second device 108, and other devices from
each other. In some embodiments, the isolation structure 126 can be made from a dielectric
material such as silicon oxide, silicon nitride, or silicon oxynitride. In other embodiments,
the isolation structure 126 may also include a multi-layer structure of one or more dielectric
materials.

[0074] At this stage of manufacture, the integrated circuit system 100 may also include the

source/drain extension 128, the halo 130, and/or the source/drain 132. It will be appreciated
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[0073] The isolation structure 126, which may include a shallow trench isolation structure, a local
oxidation of silicon structure, and/or other suitable isolation features, can electrically isolate and/or
separate the first device 106, the second device 108, and other devices from each other. In some
embodiments, the isolation structure 126 can be made from a dielectric material such as silicon oxide,

silicon nitridebyhsisic ol ltsdyamittid artl thest e lomistidined ks, sehesedbranertersiiURS 106 haly 1860 include a

multi-layer stigiyrenefione pirmeiesigleslicuaiedalsdPAcabMdiz stage glmanuaciyredhe
integrated circuit system 100 may also include the source/drain extension 128, the halo 130, and/or the

source/drain &fﬁsﬂlﬁe\?\/}ﬂ%é‘%ﬂﬁ?ﬁgﬁé’?éan‘lﬁ??ﬁ?‘iﬂ3Qeﬂ§q{ﬁl§’d’ﬁ{’m@%tat?%%ﬂlf§“ﬁf}ﬂ8ﬁ?§ﬁ'of the source/drain
extension 128)0rd halo $30,kandian the squheatdiaiididR easnkiercors dimcie dowii thigaterma@ton of the

first spacer 116 the? 1fj&st¥ner 118, and/or the secand s glnc%éLZO ttggrgﬁ% e%etrmitthr:aq‘gws [f-aligned
0 or

. enera e source/drain exte ay . 04ds €
process. [OO'/C S is well krown 1n e art, the source/drain extltleln%l n can bé tormed & Jacent the

channel 114 wiilyenkoral conecstation/dfaimmyitesighnt 28 tmaysberforadddtein sizadiovie depiiifatgith a low

concentrationypf dRIRiHfiesJ&latiye 8.2 euicaiaRdAraR regioniqifagHitatesdimgnsipnal fggductions for
the scaling of the integrated circuit system 100. More specifically, the source/drain extension 128 can be

formed from &PAGHSHBIMBRARPHESEr HRtREE aBol A’ K10 P4 iBHBIRMEYE dbdOREX I NLIEM2.

However, largefeesaalier dosesomanbe used depending tponHbedmpUtifycd sedantthipdesign
specifications of tge Hsrgcrl cciieeviccﬁnl% anq the second d vic% 8. Moreover.,ﬁi&ia to bef ltlk?ed%@tood that the
. . h

above parameteris not imiing and RRDSBCSIAMRG Y thedaifhi %185%&5% that additional parameters may
also be empldyedini@nipadated teceffbdmate tHS.puypposeyof itnplantivry wnddgitdpddpedhanbosbrupt form of

the source/draip, SXIENSIAN fiafilQAAGkHNE MipdT s aed {0 %}SFQCEQ@ SRYEGR(HEAIN SriEnsion 128 may

include n-type or p- tygee, depending on the first device 106 and/or the second device 108 being formed
(e.g., n- type HAP@HEReEMAIPYeNmigalaed haffsants ihpartrossof Alresisganitsdyy8ered] The halo
130 can be fornesrgsljasensthe seuepithaixexiaosiong 128. As is known in the art, a halo implant can

help to decrefigs g length of the.chiannel 114, which may be. advapiageous fprminjmizing,
punchthrougl@cur en ar’%pcon?roﬂlng ShoHERanNel ef/fg]c S, ’ihereqoy improving the performance of an
active devicetyire géaperdinthentthtolt30leanchH)fandied thy saepiaindingcthE08 Uissieaferme (wigh impurities of
opposite Con%%tﬁﬂb{]ﬁf&g f@rq}laf\lMOS device and p-type impurities for a PMOS device).

[0077] The halo 130 can be formed adjacent the source/drain extension 128. As is known in

the art, a halo implant can help to decrease the length of the channel 114, which may be

advantageous for minimizing punchthrough current and controlling short channel effects,

thereby improving the performance of an active device. In general, the halo 130 can be

formed by implanting the substrate 102 with impurities of opposite conductivity type to that

of the impurities used to form the source/drain 132 and the source/drain extension 128. For

example, if the source/drain 132 and the source/drain extension 128 are formed with n-type

impurities then the halo 130 can be formed with p-type impurities.

[0078] The halo dopant material is typically implanted at an angle so that the dopant material

can be implanted underneath the first spacer 116, the first liner 118, the second spacer 120,

and/or the gate 110. In general, the angle of the implantation is typically substantially less

than ninety degrees relative to the surface of the substrate 102, e.g., between about fifteen to

about seventy-five degrees relative to the surface of the substrate 102. In some embodiments,

the substrate 102 can be rotated (e.g., dual and quad halo implants) during the angled halo

implantation to provide symmetrical forms of the halo 130. However, in other embodiments,

the halo dopant implant may be implanted perpendicular to the surface of the substrate 102.
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of the impurities used to form the source/drain 132 and the source/drain extension 128. For example, if
the source/drain 132 and the source/drain extension 128 are formed with n-type impurities then the halo
130 can be formed with p-type impurities. [0078] The halo dopant material is typically implanted at an
angle so that the dopant material can be implanted underneath the first spacer 116, the first liner 118, the

second spact®072b It anty be thedgrateod Xt thg errerain thikicinhtie sobthe/drapl antetiomis 2y piehiRe substantially
less than ningfy, degreesorrladiventd thesuriage RithR aMRsirala #d%,6:0:s bameeRakutfiteen to about

seventy-five degrees relative to the surface of the substrate 102. In some embodiments, the substrate

102 can be r@tstEA8Y. eftlalCat Ry (a ATE YA MiRTh 2 thednGr B A rhp EsSt#GA 18 provide
symmetrical fets of tthe dwaied I0nHowevertipeotiher @sshadimentsetdhaibaleidopanicimptame may be

implanted perpendjcular to the su tE%ce f th bsirate.102. 12.[0079] It is to be understood that the
orter 1 Wi TS B HD K Bnd e  0 r SH e b Eat it
important is that thehplodédsnpscariebe foriacy. aidosdTigledt dnergyyhidetiths farioritie emgntaidrain extension

128 and the Ig@ﬁglﬂ,gtqipgiﬁe&giﬁgegfgb&ggggggdm\q%s@ggg conductivity type and electrical characteristics
within each of the source/drain extension 128 and the halo 130. For exa%nifle, the source/drain extension

128 and the 901 Bosrias wabadiseepomiasgrs eicid At dBR &S T tHERM &g SRty bR Fration of
impurities in each is gt ap@ositescondldEtivty3y ey B8]t samecembadimenis ersodssaidrain 132 can
be self-aligned to the second spacer .120. In.ge the source/drain 132 m f the same
contluctivity G158 b e d S R £ S e Cotie i o126 DS S Wi or
an NMOS depit@omputyiies ilvrpuPhiéSfdexacPMOS device). [0081] Generally, the source/drain 132 can be

implanted witiy @ MesiHILIQ, NIgNQte/@an a9, enewy iz sWlifiemhdg ARG dhe substrate 102,

thereby permitting a stress” memorization transfer, if desired. However, larger or smaller doses and

energies may'éeeriioyeFHdsisatity aperPhie irlsumysiald B theaRsigrrepeBsicattisof the

integrated cingeiicsysiam defkfdoieavgicd! iHioveeeHndaisteod ihakineala Rasamstarsyase not limiting

and those skilledlinetcklle(‘1 artr¥¥ill a\%%reclijate that additi naC.J %%r meters may also be em Iogled/ anipulated
Al d"and‘a

to effectuate The purpose of inp ntgeanﬁfb‘ﬁiﬁﬂdlé‘fodg FUpt Yo7 of tRE s PEe/iFalA 132. [0082]

Subsequent wrformipgethelfitst ddviceve06tanddhes sestndaddviba 108 atlveepassivatéion are not
limiting and those skilled in the art will appreciate that additional parameters may also be
employed/manipulated to effectuate the purpose of implanting a highly-doped and abrupt
form of the source/drain 132.

[0082] Subsequent to forming the first device 106 and the second device 108, the passivation
layer 134 can be non-selectively or selectively deposited over or on the entirety or portions of
the integrated circuit system 100. Generally, the passivation layer 134 may include an oxide,
a nitride, or a combination thereof. It will be appreciated by those skilled in the art that the
passivation layer 134 can help to protect the underlying devices from subsequent processing
steps, while providing an insulative effect from subsequently deposited conductive materials.

[0083] The TSV opening 136 can be formed from the top side through the passivation layer
134, the dielectric layer 124, the isolation structure 126, and into the substrate 102 in one or
more regions of the integrated circuit system 100. In other embodiments, the TSV opening
136 can be formed all the way through the substrate 102. In yet other embodiments, the TSV
opening 136 can be formed from a bottom side 138 of the substrate 102. It is to be
understood that the TSV opening 136 may include a through-silicon-via (TSV) that can be

used for electrical interconnections. Generally, the TSV opening 136 can be formed by
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layer 134 can be non-selectively or selectively deposited over or on the entirety or portions of the

integrated circuit system 100. Generally, the passivation layer 134 may include an oxide, a nitride, or a
combination thereof. It will be appreciated by those skilled in the art that the passivation layer 134 can
help to protect the underlying devices from subsequent processing steps, while providing an insulative

effect from subrsdtpies #ypdderpdcitad. dordoewesemarahanca]cBE) S heser SYlaspanimg & tandde formed

from the top sigedthraueh the Raseiyatiepdaysle. 134, the dielectric layer 124, the isolation structure 126,
and into the substrate 102 in one or more regions of the integrated circuit system 100. In other

embodimentd "W EV B ienRgretss Ca Beterhilihirdles iRy trrRigHcHR SbstrRefo¥. ffyet other
embodimentS 3Neop&iNg 0pening &3 ovixantae, fotppediiccippiidadtionmhsidsitdSpet iiesodbsirater102. It is to
be understogd that the TSV .opening 136 include roughssilicon-via (TSV) that can be used for
electrcal eSO LS BRI P Gty T8 ek bt R T ey
etching. In sudl.cBsesayrdchamiplal thdllinpthlaséreabidtiopenarzil e rtainvarstiramdbeyt@iehbsream be used,

for examp!e. {QQ%][t'tsb@'Hﬁ%r_@i?spﬁﬁgiﬁi@%@%&@%@%ﬂ%@f}@xﬁh@o@ﬁ tib’(%}mcﬂ%& %Q dirragter of the
TSV opening 136 can vary with the waé%p:ﬁ]gthe application, the design specifications and/or the current
T

technology pFocsEd ol gt AP e PO thed iFtB yARYSEra RRAPE DSt P ZisBreBY Nay of

example, theadepthmf the TSV opening 136 can vary from about 20 microns to about 500 microns and

the diameter from about 200nm t ut 200 microns. Generally, the aspect ratio for the TSV
oening 136 AR B T s T e R g e e v
opening 136 cir¢sitospeeondedstand winditr oedistegratedtepitouit spste Qo malaundatgosacbleaning step to

remove surfage. cQNAMIRANSHiSLoR A% RAURSmRORIE IANE GORIRMIRANS,PIARNICE Al ative oxides.

In at least one embodiment, the cleanlnlg step may include a Standard Clean 1 (SC-1) process. [0086]
Referring noWPtsiefesng steropean Relils i it (dearel SPF18 PIOSEEST forming a TSV 200. The TSV 200

may include p0d$hY Retwian 2A@waioraCT 2Mieand ictas R 4hd ARGl S enerally, dher TsMihguies 202 may
materia) fhat helps to ae,|s=§ r callélgééjll%tg splate, the T3y conductor 204 from the
fe Mbo he’t'S 3

include a dielf(ﬁ}ri(‘T
substrate 10Z.'In ath eastone e Iment, arrier may Includé an oxide layer formed by
thermal oxiddf1087]] &lthoxadl. itthe uFtérstooer tRAE oter mdtedals dinkdqnocessasitdmbédalpedo It will be

electrically insulate or isolate the TSV conductor 204 from the substrate 102. In at least one
embodiment, the TSV barrier 202 may include an oxide layer formed by thermal oxidation,
although it is understood that other materials and processes can be used. It will be
appreciated by those skilled in the art that the TSV barrier 202 can be strategically designed
to also help reduce electromigration of mobile ionic contaminants. It is to be understood that
the TSV barrier 202 can be formed within the TSV opening 136, of FIG. 1.

[0088] The TSV conductor 204 can be deposited over or on the TSV barrier 202 and may
include any conductive material. In at least one embodiment, the TSV conductor 204 may
include a tungsten or copper material. It will be appreciated by those skilled in the art that a
seed layer can be deposited before filling with the TSV conductor 204 to improve the
deposition and interface quality.

[0089] Generally, the TSV conductor 204 can be deposited by any process that adequately
fills each of the TSV opening 136, thereby forming a solid and robust electrical
interconnection (e.g., one without substantial voids). It is to be understood that each of the
TSV opening 136 can be overfilled to ensure adequate filling of the TSV opening 136. By
way of example, the TSV conductor 204 can be deposited by a CVD, a PVD or an ALD type

process.
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appreciated by those skilled in the art that the TSV barrier 202 can be strategically designed to also help
reduce electromigration of mobile ionic contaminants. It is to be understood that the TSV barrier 202 can
be formed within the TSV opening 136, of FIG. 1. [0088] The TSV conductor 204 can be deposited over
or on the TSV barrier 202 and may include any conductive material. In at least one embodiment, the TSV
conductor 20409481/ Rifelvide acwirigdttp. or deppiarimsitevialthe wilhGerampreratedfilsy feosmgidlled in the art

that a seed jaygffeAnfe-deposied 1@5‘4@5&@%&%&@4@%&&’&%@%@{ 260 imRRERYedhgedeposition
and interface quality. [0089] General% the TSV _conductor 204 can be deposited b rocess that

z any
adequately FISEREPEPIRITSYEHATY 38y rstRt ¥ ity & ol AriterBBiS: 51@8& it is
interconnectinde{tgod ahg Witlko digedhstantiadioidshylths teddeasnaerstorddhay cachpaiibe SV opening

136 can be qverfilled .t ensure.adequa Iéillin of the TSV openin 0. f example, the TSV
Condcton 2o e BRI B R o e a6 i Bl Y G o
FIG. 3, thereindsnshipinaiitivetsarustyirecofFI@INE affescfyamintpeiricahsamividayei@00. Tripatakdast one

gmbodimen%@gﬂm@tigp@y&gﬁ@@oﬁaﬁﬁp :i@b"&%ﬂ' %rw@tﬁq(’cﬁetbﬁsﬁg?ﬁ%\é@fﬁ%Qtl@h{_@Eﬂ(ﬁéraqﬂg may
include an oxide (e.g., an oxide mask), although it is_understood that other dielectric materials may be

used as welCUEEHFAINO R BIRFTSAUIE fErdction'df thBElAfio iayRic s LA BY B35E8VePSnd/or protect
the TSV 20Ghfomceornesiopaphtdsatanminaiboniiaingay accucEluringsubseduenitelgairipakeantact

formations. Typically, the thickness of.the.insulation la 00 can vary,wit e design specifications
o e S B e B S B o
100; howeventtitesbgbsdneteimmraprstlienitpigeAs geroh, in accordance with the present embodiments,

the thickness;gigierBRMARORAVE! e i alio REHONIEhIORIAMOHNFRAL RIRIPEEEHE, TSV 200 from

subsequent process steps. b0091] Referring now to FIG. 4, therein is shown the structure of FIG. 3 after

forming a cSARAY SpEHitey 480 (SRsaligadaeht trRtG R RHEN g bD fean e d IR PROmM the top
side throughsiirerinsudating ilayeridadaaespassy phisi layaride4 1andahiarieiertiadayai 124 to contact the

gate 110 and the S?ﬁjrce/dr in 132 of each ?dcti.ve glsvoi?e. Notablx, dtehve ins atig %yer 300.and the

I
location of ea8h°6t the Eontact %npetr}llﬁléoﬂffﬁ p?%l\l}eln S co??(%l%i%%%r SORtEamin |opﬁ’ct) THeT8Y200. In at

least one entpediF¥htuehcheofatwti oonthciaoperfinte4@0nigct opening 400 prevents corrosion or

contamination of the TSV 200. In at least one embodiment, each of the contact opening 400 is
formed so as to not touch the TSV 200. The etchants and techniques used to form the contact
opening 400 are well known within the art and not repeated herein.

[0092] Subsequent to forming the contact opening 400, it is to be understood that the
integrated circuit system 100 may undergo a cleaning step to remove surface contaminants,
such as particles, mobile ionic contaminants, organics and native oxides. In at least one
embodiment, the cleaning step may include an SC-1 process.

[0093] Referring now to FIG. 5, therein is shown the structure of FIG. 4 after forming a
conductive layer 500. Generally, the conductive layer 500 can be formed over or on the
integrated circuit system 100 and may include any material that offers a low resistance to the
passage of electrical current. In at least one embodiment, the conductive layer 500 may
include a tungsten type material. In such cases, prior to forming the conductive layer 500, a
barrier layer 502, such as titanium/titanium nitride layer, can be deposited to improve adhesion
and to reduce electromigration of the tungsten material, although it is understood that other
barrier layers can be used, as well.

[0094] In at least one embodiment, it will be appreciated by those skilled in the art that an in-

situ hydrogen-based plasma treatment can be utilized during the tungsten nucleation step,

15



formed so as to not touch the TSV 200. The etchants and techniques used to form the contact opening
400 are well known within the art and not repeated herein. [0092] Subsequent to forming the contact
opening 400, it is to be understood that the integrated circuit system 100 may undergo a cleaning step to
remove surface contaminants, such as particles, mobile ionic contaminants, organics and native oxides.
In at least ontheeabbhouitpiaat, thaasleeeninefsteeimzyaiscideia ragn 8T Huprivee sSNfOUOBIoR eféritiity now to

FIG. 5, therei,jgahpMvihihe siGlureahéd Gubafirs farmingea ppRREHEIKS 1RV RARJGemerRlly, the

conductive layer 500 can_be formed over or on the integirated circuit system 100 and may include any
material that GffersMqeh FeismrcRs t8 TR s Ky b el dttittr csfr it 1Ay RUEEGHB BilEdiment, the
conductive layer @Ogmayrdaskdenacius)gsiesd fypRwiatatahndnsuth oasagspiarideaioningdhe conductive

ayer 500,a payriey layer, 302, sueh s lianumitanium e layer, can be deposted to improve

adhesion and 1o reduce elec romigration of the tungsten material, atthough It is understood that other

barrier layerd ¢ beansedlyashweiindood] lavert 388 stnrke denbsitiidnananit witcbss dmprasiciatetdlby those
skilled in the gristhahal iR sy dfRaf-bases plasmaltrRaimentnan Reltilized sliukipg e fungsten

nucleation step, 15 thereby helping to reduce and/or eliminate detrimental fluorine concentration at the
tungsten/titard T APFIE TR EF e MM SHEBRM SHEWAPEY aisitecii@aBshiriistsighisd iltedihanat reduced
fluorine conceniradionilevels tar telpiadncreaisedhadianike¢tirntopaniifideana tengsiindgarocess
windows, thereby allowing thinner barrier or tungsten nucleation layers to be introduced f rther
Contact restEe e AR e R ol e e, AT 500 can be
deposited byanypriocesd that adequhtelysdilisoadelcoBtievotntactdgoenin thtbosof FBG whytkéreby

forming a solid andld oSt RIGRIICR T RIERANDRCHONFoRie @M WIQW, SHBSBNYRLY0IGS) W each of the
gate 110 and the source/drain 132. It is to be understood that each of the contact opening 400 can be
overfilled to B¥&GPe adequate filling of the contact opening 400. In such cases, the conductive layer 500

can be forme@@m@ RyfathadmswWation @yeel00iwiivan adegraiathigkprEsss Bitavah@vaxample, the

conductive Iaé/xer 500 can Peéiee e(tihby a CVvD, a PVD or an %D éépgn process. %%?6 0Fl%e]ferrlng now
0 2tetial.

osjt t
to FIG. 6, therem is Shown the sefﬁif%reeolfl RS SHEPTSMGVAl of SXCedl R en raily, the

integrated cirplaitasizstem [100cmalaundesyos @dodedorfiglobadnductive layer 500 (of FIG. 5) and the
insulation layer 300 (of FIG. 5). In at least one embodiment, the conductive layer 500 and
the insulation layer 300 can be removed until the passivation layer 134 is reached by a
chemical mechanical planarization process, thereby exposing the TSV 200 and a contact 600.
It is to be understood that the contact 600 is formed from the conductive layer 500 filled
within the contact opening 400, of FIG. 4.
[0097] It will be appreciated by those skilled in the art that the present embodiments merely
employ the insulation layer 300 as a mask, thereby permitting its removal and reducing the
overall profile or thickness of the integrated circuit system 100.
[0098] Moreover, it will be appreciated by those skilled in the art that by employing separate
filling operations that different materials for the TSV 200 and the contact 600 can be utilized.
Furthermore, by separating the TSV 200 and the contact 600 filling processes, material filling
rates can be better controlled. It will be appreciated by those skilled in the art that material
filling rates can be difficult to control because the TSV 200 and the contact 600 may possess
different diameters, thereby affecting the fill rates. Additionally, separate filling processes
for the TSV 200 and the contact 600 allows for a cleaner process that prevents cross

contamination.
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planarization process that removes portions of the conductive layer 500 (of FIG. 5) and the insulation
layer 300 (of FIG. 5). In at least one embodiment, the conductive layer 500 and the insulation layer 300
can be removed until the passivation layer 134 is reached by a chemical mechanical planarization

process, thereby exposing the TSV 200 and a contact 600. It is to be understood that the contact 600 is
formed from tA898bMthlyethayy 6 B00f Rt pitreh E08ctambe ohesiialy 400 cidcmclly sppegmdt will be

appreciated by, thQaenskiledy é%l@%ﬁ@%%&?ﬁ%ﬁ@s@‘éﬁ?%ﬂ%@Q@zﬁ@ﬂ%&ﬁ%&ﬂ%ﬁ%ﬁ@%}&%ﬂpﬂon layer

300 as a mask, thereby permitting its removal and reducing the overall profile or thickness of the

integrated cirdBRRENT 4961"0098] Moreover, it will be appreciated by those skilled in the art that by

employing sqpacaisSfiliagapeacapiansithaibdjfferent ratatalsdod the T \nZQaandcthaicapiast 600 can be

utilized. Furtlg more, b&/ separat T%V 200 and the confct 60 fiIIing tg)roc sges, m rial filling
nae ?H)aa 1CIE,

ing th d
rates can be R LR R et 30 e B e N e el B e e i, rato

can be difficuiitts corroinatagszaniv FEWRDO axidethe contact 600 may possess different diameters,
thereby affecfingtperill ratess AdAiiRRaseRA B IUINORIOGRSIEH [QltMRT SYcRI0 Anskifie contact

600 allows for a cleaner process that prevents cross contamination. 16 [0099] Notably, the TSV 200 and
the contact 608¥al W PlsySfcanyasharsries ey s faraiag throhy L 20 @W%Tdbﬁ@%e method,
system, and/eo@evieedasaiibatbhtaecpreseint anbedimsaats hesaiinOheQhSuhraoeat 300
planarization, t]s jo B Undgrsigod tnat the inteotgted lrcult system, 100 mayundergg & gleaning step to
remove surface contaminants, such as partlcfyes, mobiid IoNil contaminan S, organics an Native oxides.
[0101] Thus, fuhag eentdiscbvereditaat chenusedop thElinsulation apaada eughhas amooxises mask, to

define the coplastPRERING 4% 36 LIMINGIDE: b8 bs A0 hBPHIARIMUACH ingd R, RORIHRR

contamination and corrosion. For example, by forming the insulation layer 300 over the TSV 200, the
insulation lay@r SOSShelPLRI R GhT SJUsed fréhH BsMmg e BUARRE i &tk RIPERS CoBYact opening

400. Moreovesrhhgepaiatingidhiel feh Bl peeeessas Teedoo forpe thenkd\b20aifeaiheaentact 600 by
forming_the ir};soula%ice)r&l)%%%{ g&otﬂgd engresttgf Cross (t:ggt%rrmgatio can be %gucgd. Furthermore,
separating the Btc processes by %rﬁﬁndnt]he mStIAfion Payer permﬁs THEEY 200 to be formed of a
different mat&9iE)2] Referring now to FIGS. 7-18. FIGS. 7-18 include some of the same reference

numbers used to describe the integrated circuit system 100 in FIGS. 1-6 and the process steps

of FIGS. 1-6. 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. 1-6 and, therefore,

their descriptions are not reiterated in detail for FIGS. 7-18. Rather the descriptions of the

layers, structures, and process steps corresponding to reference numbers in FIGS. 1-6 are

incorporated for the same reference numbers included in FIGS. 7-18.

[0103] Referring now to FIG. 7, 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

substrate 102, the well 104, the first device 106, the second device 108, the gate 110, the gate

dielectric 112, the channel 114, the first spacer 116, the first liner 118, the second spacer 120,

the silicide contact 122, the dielectric layer 124, the isolation structure 126, the source/drain

extension 128, the halo 130, the source/drain 132, the passivation layer 134, and the TSV

opening 136. It is to be understood that the substrate 102, the well 104, the first device 106,

the second device 108, the gate 110, the gate dielectric 112, the channel 114, the first spacer

116, the first liner 118, the second spacer 120, the silicide contact 122, the dielectric layer
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from the contact 600, thereby permitting separate optimization for each structure. [0102] Referring now to
FIGS. 7-18. FIGS. 7-18 include some of the same reference numbers used to describe the integrated
circuit system 100 in FIGS. 1-6 and the process steps of FIGS. 1-6. It is noted that the layers, structures,
and process steps corresponding to such reference numbers generally include the same characteristics

(e.g., compodifibriherickaiessstrighetd A0 phscesscrédianiguitessore ) 28stisdudodefcHisedurseatiarence to
FIGS. 1-6 anghtherefqiasithaideseuipiions ae net redieraiedindetail forFiGRiad-18yRathgr the

descriptions of the layers, structures, and process steps corresponding to reference numbers in FIGS.

1-6 are incofBFATEE TarstHY b dLrEAl fOBPRIBB KRS o d YACERE 8N/l 1891 3F ER8t8TRhg now to
FIG. 7, thereifeisrifrawboadiartigherasgiseational view of the integrated circuit system 100 in an initial

stage of maw in accordance wit other. embodiment of the nt invention. The integrated
cicut syston TR Rt IS S e L0 TNl A it i i eoéng evice
108, the gateT5302tle ghtehidietegtrief Manutaetwizadrelndzatie diratisprtem11®, eielfirsirtireat 118, the

second SDQC%&%Q@mEﬁl@ i§iEﬂﬁ%@ﬁ?&i&gﬁaﬁlﬁc@i&lﬁ%&hW%@%ﬁﬁ@ Qqa&i%§qﬁ@3&@tﬂ@6’ the
source/drain _extension 128, the halo 130, the source/drain 132, the passivation Iagéer 134, and the TSV

opening 136.181% bR Ysartr AL AR hp st atBictrb A& Mo ienke raieidordk thdghethe second
device 108, tirg\gatecl e ths gatardielexizicaid 2htha shanniriutid, 2be finsy Spacce hdp, shadirst liner 118,
the second seﬁé:er 12% the sél}i}cide contri\ct 122 it[he diﬁ;ll ctric | 17 124, the isolation.structure 126,

er. n
the source/d N Syt St fugpautbn, ickncks, Rincoy inlr pScEss Bebigien ™ - e

TSV openingde3aidypinetudecgnasd o6 tHE. gharacteristics, such as material composition, thickness,
function and/ Rflﬁ%ﬁ%%%e‘iﬁgﬂmg%ﬁm SR ped ahOMRINIEGA QLR <35 99d BefpEring;aqw to FIG. 8,

therein is shown the structure of FIG. 7 after forming the TSV 200. At this sta%le of manufacture, the
integrated cirfQAN<FeiEtE T0RJBRTHA R BENESE RUGBIPE SRS Stk ifd PhehmieyYRediestatddstem 100, of

FIG. 2, and niay Teeludedtieor DBY. 30 therdS haidesc2iBedand e Tcaonduptor 204. It is to be
characteriol LR 42 RS BorBo0niN ik et MORCOH AR oL Lo A Hee described
above in regansitatieiGay2r (00 Fh SulsssiquernibodmeimgthhenT@Afi Q0 Ry e 8 1A tegrbtddroirduiveystem 100
can be SUbjeSI' on the passivation layer 134 and may include a nitride (e.g., a nitride mask), although it is

understood that other dielectric materials may be used as well. Generally, the purpose or

function of the insulation layer 300 can be to cover and/or protect the TSV 200 from

corrosion or contamination that may occur during subsequent electrical contact formations.

Typically, the thickness of the insulation layer 300 can vary with the design specifications

and/or the current technology process node (e.g., 45nm, 32nm, etc.) for the integrated circuit

system 100; however, these parameters are not limiting. As such, in accordance with the

present embodiments, the thickness of the insulation layer 300 is only to be limited to an

amount that protects the TSV 200 from subsequent process steps.

[0107] In at least one embodiment, the insulation layer 300 can be used as a contact

alignment layer. In such cases, an opening 900 can be formed in locations within the

insulation layer 300 that define subsequent areas for forming contacts. It will be appreciated

by those skilled in the art that the contact alignment process may utilize the positions of the

TSV 200, in addition to the conventional reference points used on a mask.

[0108] Referring now to FIG. 10, therein is shown the structure of FIG. 9 after forming the

contact opening 400. Generally, each of the contact opening 400 can be formed from the top

side through the passivation layer 134 and the dielectric layer 124 to contact the gate 110 and
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to an etching or planarization process to remove excess material of the TSV barrier 202 and the TSV
conductor 204. Such a process was described above in reference to FIG. 6. [0106] Referring now to FIG.
9, therein is shown the structure of FIG. 8 after forming the insulation layer 300. In at least one
embodiment, the insulation layer 300 can be formed over or on the passivation layer 134 and may
include a nitrifle feutre/draierith2 wiassich adthsulshiicidyunier sio dep titontheetiecefiETraterals may be

used as We"-t@%mﬁlg/ ollte RUERGSE QF afmﬂpm@tam iﬁ‘x%‘ﬂ%ﬂ%!ﬁ%%&é%@@ﬂdﬁﬁé%@%&{ &nd/or protect
the TSV 200 from corrosion or contamination that may occur during subsequent electrical contact

formations. PHPICHINC R HCRARLRE AN BTTSRIRABRIMGR CBE0 CaH AP WitH k> Jesign' Spdifications

and/or the cusoanicteginal@oPracesssie (BQ.ard physid2ymnetelgdeiciile Hegiataebairenh system

100; however thesenEJear?C efers are %%ltlilmitin .Ag §uch in accoggance wit @her pre qint embodiments,
a S

the thicknessdg}e Ye insula |%I}1t ﬁyerg [ Ssnll‘yl/ 8 e fl)trﬁllltgtlftgogﬁl amountth Srgtvevc he TSV 200 from
subsequent probesdstepad 000Fpeated leagnone embodiment, the insulation layer 300 can be used as a

contact ang%‘ﬁ'ﬂﬁ lRY& B W&ﬁé&%@%@@%ﬂﬁ&l APR.can !ﬁﬁtfﬁfi@?&ﬂ'ﬁ‘iﬁ%&ﬁ&iglﬁt%{tbﬂéﬁﬁg _insulgtion
layer 300 that define subsequent areas for forming contacts. It will be appreciated by those skilled in the

art that the cSAtaiLilgHIMNEN BY6EALL FARPUIDEHIL Y FEATEHE O tHPPB Y Wil Hadtitibh e the
conventional defaiibacaepaintMises, an ia niask. A8 iBe s ingaméa nlthe 18, theripisshown the

structure of FIG, 9. after forrgrlrllgr the conttﬁ'atect1 openin ﬁogr. %@dﬁegau};‘ﬁgﬁéﬁe of tge contat}:t opening 400 can

be formed froerrnnl%ﬂ%n&)eﬁ}tSS| & troug l%e passwgﬂgn ayer 134 &n &ctric Igf/ré?l 2% t0° contact the

gate 110 andrei®thiagdurdedthraihek82rafl padicaotiheckiensice! e usirgyathe drsulaticrriayep.300, of FIG. 9,
with the opefjpgyP QP kG- @ ﬁ‘;?xﬁiﬁ@%ﬁ@&lﬂ@&'?'%péﬁ&%ﬁ%ﬁﬂ J@ﬁﬁ@iﬁ%%@”ﬁh‘iﬁl@d@&a}&% of each of
|

the contact o%;ening 400 prevents corrosion or contamination of the TSV 200, i.e., the contact opening
400 and the TEV BEGARS PrEEar Bt haderrainy Sepatats ranO84ery BRdereorhelering itePand

techniques useettaoferRuthcecaniast apenNing Ko preissll kobwgionithibriamiarhandiaaiitepaated herein.

[0109] It will be appre iateld bly those skillbed in the grt at.after formin Ehg co c{ opening 400, the
. . natggé)m es, In at'least (Hl%em odlment,t € cleanin St%.{ﬁaﬁi clu an (?— 8CCSS.. .
insulation layer can be removed by processes well' known Within the art and not™ described herein.

Moreover, it il 1dé¢ Bpjsreomted by HioséIskiitedinstieoant thastioetpresehtGe hodtintemsngidrely employ
the 'nsmatlor}:%Et%Q:O ﬁ?e‘? Wk’ M&Qbfy?e&mltémﬁ@ive layer 500 may include any of the

characteristics, such as material composition, thickness, function, and/or process techniques,
described above in regard to FIG. 5. However, the present embodiment differs from the
embodiment of FIG. 5 by forming the conductive layer 500 over or on the passivation layer
134 and in direct contact with the TSV 200. As with FIG. 5, the conductive layer 500 of the
present embodiment can be deposited by any process that adequately fills each of the contact
opening 400, of FIG. 10, thereby forming a solid and robust electrical interconnection (e.g.,
one without substantial voids) with each of the gate 110 and the source/drain 132.

[0112] Referring now to FIG. 12, therein is shown the structure of FIG. 11 after removal of
excess material. Generally, the integrated circuit system 100 may undergo a local or global
planarization process that removes portions of the conductive layer 500 (of FIG. 11). In at
least one embodiment, the conductive layer 500 can be removed until the passivation layer
134 is reached by a chemical mechanical planarization process, thereby exposing the TSV
200 and the contact 600. It is to be understood that the contact 600 is formed from the

conductive layer 500 filled within the contact opening 400, of FIG. 10.
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removal and reducing the overall profile or thickness of the integrated circuit system 100. [0110]
Subsequent to forming the contact opening 400 and removing the insulation layer 300, it is to be
understood that the integrated circuit system 100 may undergo a cleaning step to remove surface
contaminants, such as particles, mobile ionic contaminants, organics and native oxides. In at least one

embodiment,[tdé3|dtihly sheplimay clndithanog@ct obkorsadse plopich]IRetdelegrelly teePaGted 1, therein is
shown the stiyGiueof filfer 3 aHR6IAENRY thensondustyejavs ROR-Gensialy vihacondugtive layer

500 may include any of the characteristics, such as material composition, thickness, function, and/or

process techARREMIESRHERY above in regard to FIG. 5. However, the present embodiment differs from

the embodiment4fdukisedmdiy forphingittae@ondiscliiveclayeerSO0donar alednttaeeassivaiticpstayer 134 and

in direct contri\{i with th e‘lr'SV 290. Aﬁs V\{ith FIG. 5, the conductjve .Iaa\41 T 5s9810f the .%(esentli£ mbodiment
e

can be deposi a))/ élﬁy 0dess 1a%681§3qt85 é?)?\fﬁlguégg ‘ot the contact opaesrﬁﬁ{:]tl 8?),%? G. 10,

thereby formingiacsokidrarhiobigsneleendarltiveerddemection (e.g., one without substantial voids) with
each of the gafey 31 91RQ0; e SRUFCEAIRIILIR ] SHel&k RETRETRL REVL IR G 0b 20 th8ER D) is flipwn the

structure of FIG. 11 after removal of excess material. Generally, the integrated circuit system 100 may
undergo a loéaIbPiiEaPastararieine s Seres tRBE T S0 2 PRt the LoNatitiverlayd? 500 (of FIG.
11). In at leasioase embsdmpeot, fibe contudivedayeidSihosidhe Rmexadplntibineopassivabon layer

134 is reached a chemi mechani ization process re Xposing th 00 and the
oot 800, I L LD e TR\ ES S Reiess: AR Teent BB fucriv o ) ol
within the corfitert opening 400nof @G\ 100.of 3HO LABhN otenip et HE0T SNIRGY andthepeonitac ti800 can be

physically and glgeirica!lx SeRAatRA HAhea’iolhe .Y SPIVIRGsheyNeiathSyRiamaRsor device

described by the present embodiments herein. [0114] Subsequent to planarization, it is to be understood
that the imeg}@ear&eﬁcm%g?gféﬁqofm@%awﬂﬂ@ﬁganaceréaﬁiﬁgi% t& tEhsEversuitRR EdhtAfinants,

such as partieles praekites INioeaRMINanistRIgRRES3anpaativeaxites. 100 1S bd Muisadt i been
discovered th(ﬂ%f'ghe use of.thef insu{lﬁtion %Xgr OOh%)f FIG. %PY such as a nitride.mask, to deane the
help

contact opening 409 & é?r%rn%?r% e T8 rgb% pﬁ?o CHRREPFEY 280 T 6M Conhfiiration and

corrosion. Fostexample, by forming the insulation layer 300 over the TSV 200, the insulation layer 300

helps to prm?&ﬁ@?ﬁe@e\{ri%gonow 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
substrate 102, the well 104, the first device 106, the second device 108, the gate 110, the gate
dielectric 112, the channel 114, the first spacer 116, the first liner 118, the second spacer 120,
the silicide contact 122, the dielectric layer 124, the isolation structure 126, the source/drain
extension 128, the halo 130, the source/drain 132, and the passivation layer 134. It is to be
understood that the substrate 102, the well 104, the first device 106, the second device 108,
the gate 110, the gate dielectric 112, the channel 114, the first spacer 116, the first liner 118,
the second spacer 120, the silicide contact 122, the dielectric layer 124, the isolation structure
126, the source/drain extension 128, the halo 130, the source/drain 132, and the passivation
layer 134 may include any of the characteristics, such as material composition, thickness,
function and/or process techniques, described above in regard to FIG. 1.
[0117] The integrated circuit system 100 of the present embodiment however differs from the
integrated circuit system 100, of FIG. 1, by not forming the TSV opening 136, of FIG. 1, at
this state of manufacture. The integrated circuit system 100 of the present embodiment

instead forms the contact opening 400 within the passivation layer 134 at this stage of
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from corroding during formation of the contact opening 400. Moreover, by separating the etching
processes used to form the TSV 200 and the contact 600 by forming the insulation layer 300, incidences
of cross contamination can be reduced. Furthermore, separating the etch processes by forming the
insulation layer 300 permits the TSV 200 to be formed of a different material from the contact 600,
thereby permittingfassiyaratevapthnisritieridfed dachosstrkdiadein]de18] RefermagkdaverttP chond) therein is

shown a partjigh@oss sratiRRabYigPlile . ippAtRdifiteHit-aySiem 10Q:n anviniippstageplmanufacture
in accordance with another embodiment of the present invention. The integrated circuit system 100 may

include the JHBFAtE 2iobe graiartiPRAng At deerd with 1By Stffe ! 8 B PasOIEE BB kP gate 110, the
gate dielectrio1iB? Site«channe! flhitbatirsbapacepdnlay tow finst hinsk Li8, Hheeseseadspacer 120, the

silicide contact 1%§feg1e dielectric Iay&)r 124 H&% isolatil%n structure 126, the squrce/drain. extension 128,

the halo 130,Ht]rt1e Sourcefdrain Sf%‘tﬂ, ancflﬁl?éhpasg%\?aatignalglf/lérsie&.oltr 190 be" unders ggg%%f’the
substrate 102u¢heasvplirtidas. thwbilst ideigiconas i tdssecgmdcs evica 08, omdegatén 1 0etheagate dielectric

112, the changg it thenfi'St SRAS S § Hor R iR Jinge 4180 4he second spacer 120, the silicide contact
122, the dielectric I?%/Befr 124, the isolation structure 126, the source/drain extension 128, the halo 130, the

source/drain P339 hREEHENS AN AHIT - 1S ePAsH A ) INE feS U BF tHlcf iHaldabristeaiag hfas material
composition, dbickness, et and@nhp@cessieshtigdesndasceadnabonterin negakditafdés. 1. [0117]
The integrated %rcuit S gtgtm 100 of the é)n%(_a nt ?ergsl%odimeq)t owe\t/etLdiffers [r%%’a the J'Irllé[ie rated circuit

system 100, E) FGp.ais, y n&?‘?&?ﬁf}%‘%ﬁe %tpenm%nﬁ& of FIG. 1, at't t|ascs ate OFmanutacture. The

integrated cirewingysterpt00asirible preseht@mbogtineiot fonsieadhfonegaticcbdntzcbapenilage200 within
the passivatiggjaygr 134l ihis slagral ndADasaci ¢ il e ARPIgGIRIR.AYHaseRKilled in the art

that a mask layer (not shown) can be formed oveér or on at least a part of the integrated circuit system
100 and patt&rfies fesermigstnnpiihedynecndpaiaiing 28beaagiel Widsitieoddhetiotbenkartise
source/drain (hges {Qd b8Ldbsequient to forming the contact opening 400, the mask can be removed and
the mtegrateé(ihfg?gtﬁ gylstem 100 may under 0.4 cleanlngastggé%to remoue %ulgtce co?ltamlnants, such as

particles, mo nic Contaminan g ongl;eePrtﬁ(l:s and hatR/e oxides. E}rllogﬁ feast one e to%ﬁfar%lelﬁlf, the
cleaning stepitmalyihroltenebase & Ot mprdoeeeei0 ki8] Refelidad) howg el Gingdethardinioshown the
structure of Ft%ére%? %ﬁﬁﬁg”ﬂi”%lfﬁ‘ée and/or eliminate detrimental fluorine concentration at the
tungsten/titanium nitride interface. Moreover, it will be appreciated by those skilled in the art
that reduced fluorine concentration levels can help to increase the titanium/titanium nitride
and tungsten process windows, thereby allowing thinner barrier or tungsten nucleation layers
to be introduced for further contact resistance reduction without yield compromise.
[0121] Generally, the contact 600 can be deposited by any process that adequately fills each
of the contact opening 400, of FIG. 13, thereby forming a solid and robust electrical
interconnection (e.g., one without substantial voids) with each of the gate 110 and the
source/drain 132. It is to be understood that each of the contact opening 400 can be overfilled
to ensure adequate filling of the contact opening 400. By way of example, the contact 600
and the barrier layer 502 can be deposited by CVD, PVD or ALD type process.
[0122] Subsequent to forming the barrier layer 502 and the conductive layer 500 within the
contact opening 400, the integrated circuit system 100 can be subject to an etching or
planarization process to remove excess material of the barrier layer 502 and the conductive

layer 500 to form the contact 600. Such a process was described above in reference to FIG.

6.
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contact 600. Generally, the contact 600 may include any material that offers a low resistance to the
passage of electrical current. In at least one embodiment, the contact 600 may include a tungsten type
material. In such cases, prior to forming the contact 600, the barrier layer 502, such as titanium/titanium
nitride layer, can be deposited to improve adhesion and to reduce electromigration of the tungsten
material, althdlgAliRsfemaenooe & dthehdseinisrshayartheamustugsed 185 Wedft§oixoling Hicleast one

embodiment,;iuillibe APAreprted by ibase skiligddmiRaathtnatands sienyoiads)hesad plasma

treatment can be utilized during the tungsten nucleation steﬁ), thereby helping to reduce and/or eliminate
detrimental filiFie @8ndehirifomat hlargste i HulSrinCHithte ite M NAJPAETENS il IPG e
appreciated hiydhaseskilledrerihg, alit phgicedidrdcdivarineheancantiatinpdeseiscaandelpdoeincrease the
titanium/titaniaur(y nitrldgt ﬁ}nd t“ﬁQSteéb@’J?%%ﬁss windows theregxnanll 1win%gltginner barrier or.tungsten

. n O .ine O C, COITOS10Nn or cont on. Jpa occyr duI’l .
nucleation Iayersp{o ein rocciucedt for er contac? resistance re uclhon W|fﬁoyut ylelid compromise.

[0121] Generaibpednent dneughclcoarybefdapdisined byraealprotedsdinesadédrratedylfiisrelighr of the
contact openijpg éQPvQ(?EJz@h &%&Q—,‘?gﬁ@ﬁef&f{m{igné éﬂi&@!@&ﬁ%%&ﬁ%ﬂ%‘;&%@%@%ﬁé@gn (e.g., one

without substantial voids) with each of the gate 110 and the source/drain It is to be understood that

each of the coMtEet’GBBNiRG uEY niBessvet it ite Wbt Sabouster fithfty SrIARLTREE Mening 400.
By way of examipigg.theseoniact mOacanghibe hatiiehdaprraiZeatddimernosgitechiay{sdDoPME or ALD
type process. [0122] Subsequent to forming, th rrier layer 502 and the conductiv er. 500 within the
comtact open RO el Rt o oy o e e R T o
process to resnbyegusxcessesatenal of the barrier layer 502 and the conductive layer 500 to form the

contact 600. (5l 3,PIPGERS Wirs ARSI 2RVa IMARKAenee |G & shiMaBlRalfHing now to

FIG. 15, therein is shown the structure of FIG. 14 after forming the insulation layer 300. In at least one
embodiment, B FRstlan 13y i 306 TASE RGP e igdE (aTybeal iRl Pnlas OB ik thds
understood thajutiiier diplestichmatetialsubkaydear ssediastvalinSaneiallyilita pitpose or function of the

insulation lay; can be to cover. and protect the contact 600 from ion or contamipation that
may ocour ey SR oL L BF T Tl T PSR, e S AUe LY thd ouaton
layer 300 cahSMrgpanihghie@esign I9&cHizationd #ndforihd wuwertdacHrologysidrotessshadie (e.g.,

passivation layer 134, the dielectric layer 124, the isolation structure 126, and into the
substrate 102 in one or more regions of the integrated circuit system 100. In other
embodiments, the TSV opening 136 can be formed all the way through the substrate 102. In
yet other embodiments, the TSV opening 136 can be formed from the bottom side 138 of the
substrate 102. It is to be understood that the TSV opening 136 may include a through-
silicon-via that can be used for electrical interconnections. In at least one embodiment, each
of the TSV opening 136 can be formed so as to not touch the contact 600.

[0126] Generally, the TSV opening 136 can be formed by machining and/or etching. In such
cases, mechanical drilling, laser ablation, and certain wet and dry etches can be used, for
example.

[0127] It will be appreciated by those skilled in the art that the depth and diameter of the
TSV opening 136 can vary with the via type, the application, the design specifications and/or
the current technology process node (e.g., 45nm, 32nm, etc.) for the integrated circuit system
100. By way of example, the depth of the TSV opening 136 can vary from about 20 microns
to about 500 microns and the diameter can vary from about 200nm to about 200 microns.
Generally, the aspect ratio for the TSV opening 136 can vary from about 0.3:1 to greater than
about 20:1.
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45nm, 32nm, etc.) for the integrated circuit system 100; however, these parameters are not limiting. As

such, in accordance with the present embodiments, the thickness of the insulation layer 300 is only to be
limited to an amount that protects the contact 600 from subsequent process steps. [0124] In at least one
embodiment, the insulation layer 300 can be patterned to define a through-silicon-via. In such cases, the

opening 900 KHRY S ibmaspidnintodeatidrsteithiy thieenimgul dgiohd ayed 800 thier deflisendubsatpyedt areas for

forming thrOU%Qﬁ'%H@QHtéQ@Jte[Q%%@ii?%ﬁ@féiﬁglﬁé%%% Riflel® theigifiig showmbthensindciygf FIG. 15
after forming the TSV opening 136. The TSV opening 136 _can be formed from the top side through the

passivation 198RS SHBIAL MEIEsE Mol e i SRARYRTRIA e Riss 2thBrhte widesubsitate 102 in
one or more tegiais einthelintegrated it kaysiemn ii0ddtnosen srmeediments, the TSV opening 136

can be form way through t ubstrat ..In. yet other.embodiments, the TSV opening 136
can be forma T AT bCany ST dhhe e B R S BT s opening
136 may inclagelayiihe wehasiftiodayeiad Ratscampdk ubert i pelattrivaliihtereovaheotondudmatheast one

embodiment, gach Qbthe f aY:-LREONIAEIR AR RefRIMad s AR not touch the contact 600. [0126]
Generally, the TSV opening 136 can be formed by machining and/or etching. In such cases, mechanical

drilling, laser bAM dHTSHEE BRI WEE-alfd BRjeEtdheRodh HeS ey s BXAmnPRIIOPITIIEWIR be
appreciated lnsthose. skilderkiv 2be atthatihenlepsvand dianetad aids VigWdapenzw.136 can vary with

the via type, icatiqn, the ign specifications and/or the current technology process node (e.g.,
et sk Rl o b R T el g e
opening 136 dasivealyfromlabouiR0mibrohSVtooabeuo SUB Miiwroths sutdtthie di@méteat tant vapy from about

200nm to abaui2ARINCTARSrs@ ERRIR! Y 0ME ASRERIFEALP JRINEEP Y PRGNSR Ak Vg from about
0.3:1 to greater than about 20:1. 22 [0128] Subsequent to forming the TSV opening 136, the insulation

layer 300 cartOY8Mndvéd Uafertioadnterroiber cralstiaystdr ROeHIsY trudfgdstledhing!sksp to remove
surface contagpibénisd sYichoas RAEEIRShoaDilEaiaRiCTEON R BEPES, QFdeNiesBFdanatisigxdes. In at
least one embO(LimE?tIS thf‘f cleziming step ma in%ltuiie.an SC-tlaglrocess,‘[I0129geltu \r/lvcigr?tgo%%g?ciated by

those skilled it IhQ Artthe ut‘f?eer?%%glnl SIBO NSRS Rl vy fnants. 1S 10
the TSV barrier 202 can be formed within the TSV opening 136, of FIG. 16.

[0132] The TSV conductor 204 can be deposited after forming the TSV barrier 202 and may
include any conductive material. In at least one embodiment, the TSV conductor 204 may
include a tungsten or copper material. It will be appreciated by those skilled in the art that a
seed layer can be deposited before filling with the TSV conductor 204 to improve the
deposition and interface quality.

[0133] Generally, the TSV conductor 204 can be deposited by any process that adequately
fills each of the TSV opening 136, thereby forming a solid and robust electrical
interconnection (e.g., one without substantial voids). It is to be understood that each of the
TSV opening 136 can be overfilled to ensure adequate filling of the TSV opening 136. In
such cases, the TSV conductor 204 can be formed over or on the passivation layer 134 with
an adequate thickness. By way of example, the TSV conductor 204 can be deposited by a
CVD, a PVD or an ALD type process.

[0134] Referring now to FIG. 18, therein is shown the structure of FIG. 17 after removal of
excess material. Generally, the integrated circuit system 100 may undergo a local or global

planarization process. In at least one embodiment, the excess portions of the TSV conductor

204 formed above the passivation layer 134 can be removed until the passivation layer 134 is
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employ the insulation layer 300 as a mask, thereby permitting its removal and reducing the overall profile
or thickness of the integrated circuit system 100. [0130] Referring now to FIG. 17, therein is shown the
structure of FIG. 16 after forming the TSV 200. The TSV 200 may include the TSV barrier 202 and the
TSV conductor 204. [0131] Generally, the TSV barrier 202 may include a dielectric material that helps to
electrically insakireddwigclbgaierd MSWapdrd ntter 2adofrariockis. shoshrarxnomg mhatTedsthanembodiment,
the TSV barrige 202 4napdnclude an oxide layer formed by thermal oxidation, although it is understood
that other materials and[ﬁ)rocesses can be used. It will be a'%preciated by those skilled in the art that the

TSV barrier 205CAAB@Rtdhegically Yertg et 2asPREm Rechibe bz dbhtiaticH b ReBirtionic
contaminantsrdirisciotbethurdsrsiapkd it tibenthvdbaysiem? @2dsandoe Jormaetiveditn the gr&¢nopening 136,
of FIG. 16. [OéLn:i,g d‘{hgnl's%\é &(I)lnductor 204 can be deposited after forming the TSV barrier 202 and may
include any con Uctive matenal. In at least one embodiment, the TSV conductor 204 may include a
tungsten or cédgel mhsedidnitiovitldversgopraciate dbethiodersikitibthin threiniciatadacizaieidshaien can be

deposited beﬁ@@xﬂgw&lﬂé@o@%ﬂ;%Yng%%f}%t%r%)vﬁe %JEQ‘EH QURENENHRDQSIPR @J&ﬁi@é@ﬂ%ﬁil@! uality.
[0133] Generally, the TSV conductor 204 can be deposited by any process that adequately fills each of

the TSV operfilf $3B2MHaaEy FEARIFARISHIY QRd90bust electrical interconnection (e.g., one without
substantial voidgy]ITisiéoibeavbelergioeddhatieacheafsther thSMsapginine k36 manheiavesiilledio ensure

adequate filling of the TSV opening 136. uch ca t V conductor 204 can be foymed over or on
the pacsvatidn )L T B S A Ry o S e e RS 20 cn b
deposited bylelisWpratgydegroara b tioe grocesmafdtcuidrRefarsiong fowamBIE:, bg fdmetetn is shown

the structure g FiGnaio AR FINORLPInEXCRsR MBIETIAL GFENRIAIYaDE InteaRed PGt System 100

may undergo a local or global planarization process. In at least one embodiment, the excess portions of
the TSV condBtdit 562 fermewantive dreipadsnaaiinn 18)eha 34 ¥annsairendled YRHE pR%sivation

layer 134 is  ggpiraiciaddyniaignucakenesbancaplanamsationpiacesscihacelbyerpasingnhe TSV 200
and the contt%ce:t 60Q. [! %?JBN%%)I L e TSV 200 and the contact 69 candggz Qh@é%%gg and electrically

01
mnsuia ayer eNnces Of Cross,contamination ca c I JUr mMaQre
separated from eac othe y employing the méthod; sysflém, and/or device descri y%é present

separating the etch processes by forming the insulation layer 300 permits the TSV 200 to be
formed of a different material from the contact 600, thereby permitting separate optimization
for each structure.

[0138] It will be appreciated by those skilled in the art that the through-silicon-vias depicted
in the embodiments of FIGS. 1-18 can be between two or more substrates/wafers bonded to
each other in a three-dimensional stacked structure. Moreover, after being formed, any three-
dimensional stacked structure (e.g., stacked wafers) can be diced into individual stacked dies
or chips, each stacked die or chip potentially possessing multiple layers of integrated
circuitry.

[0139] Referring now to FIG. 19, therein is shown a flow chart of a method 1900 of
manufacture of the integrated circuit system 100 in an embodiment of the present invention.
The method 1900 includes: providing a substrate including an active device in a block 1902;
forming a through-silicon-via into the substrate in a block 1904; forming an insulation layer
over the through-silicon-via to protect the through-silicon-via in a block 1906; forming a
contact to the active device after forming the insulation layer in a block 1908; and removing
the insulation layer in a block 1910.

[0140] The resulting method, process, apparatus, device, product, and/or system is

straightforward, cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
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embodiments herein. [0136] Subsequent to planarization, it is to be understood that the integrated circuit
system 100 may undergo a cleaning step to remove surface contaminants, such as particles, mobile
ionic contaminants, organics and native oxides. [0137] Thus, it has been discovered that the use of the
insulation layer 300 (of FIG. 16), such as a nitride mask, to define the TSV opening 136, of FIG. 16, after
forming the colifteltt6ROd hwlds tonplotsstahdedpidnsBaoronicraprtaenihdeioreatyd doriesiomd-or example,

by forming trg@dmjggiqgamtg,@%pyﬁlmggqmtﬁgqﬁyﬂe insulation layer 300 helps to protect the
contact 600 from corroding during formation of the TSV opening 136. Moreover, by separating the

etching procd 348! J8e5 BohisrRy ared/ D o BrepRn L SHERBOH By sy I TRHE FRSoR MGy er 300,
incidences ofkathsspeoniaminaiigiesai be sathicedpHorphesneres vepaianodhig atcihproaasses by

forming the iré§tflllatiprklﬁacxggr3006&elrsrmta§ ttlpe TSV ZO\O/et%be frrsmed of a differentt frr%%g%roial from the contact

600, thereby p%rrﬁﬁting sepaars‘apte optlmlzaﬁgﬁes Cr)llt each s I’lﬁlg ré(.) fﬁi?gﬁ a[tc\?vl?ﬁaf)e appregi% ed by those
skilled in the dutitigat $Nectblringgh-silicon-vial depicted in the embodiments of FIGS. 1-18 can be between

two or more gybeifalesiRlersiRoRded IR aRCH OLBRIR AiieReAimesiARAL sackshefisure. Moreover,

after being formed, any three- dimensional stacked structure (e.g., stacked wafers) can be diced into
individual stal®eddiat s Ehipan S LRAKSY HEBRE AR BERMIRY o dsEddirimbmisR ers of

integrated cicouttivi{@i39k&Keferring now to FIG. 19, therein is shown a flow chart of a method 1900 of

manufacture integrated circuit syste 0Q in an embodiment of the, present jnvention. The method
00 inude L S B AT DR D A
through-silicondeizidtattHs Suplvgategin byblopk d0Q4thfofmingtian irfsthaticyViaydr toyeptkrst by

through-silicqgzyif §0, pralGekite 1%1%9.”%]%8%{%%”@\9'% HOQBA MG FoGAAREIPhgeactive
device after forming the insulation’layer in a block 1908; and removing the insulation layer in a block
1910. [0140] FRAETHISUARR SHISHEC P Be s aiplyfRiitiZtbvice, product, and/or system is
straightforwarel £gst-eftectie itipeanplisgiedsfighlyeisatilentasciyraia, isensitbig sapsbrdedfective, and

can be implemented bl%/ aglaPtinc% know c?mgé)nents for read%, F;ficient, and ecor&omical manufacturing,
. . seryvices _ the 1storical tren oI reducing costs, s1 plarying systems, an mcreasing
application, and" utilization.

performance.

[0145] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0146] 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 that 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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[0141] It has been discovered that the present invention thus has numerous aspects. One such aspect is
that the present invention helps to protect a TSV from corroding during contact etching. Another aspect is
that the present invention helps to protect a contact from corroding during TSV etching. [0142] It has
been discovered that the present invention helps to separate the etching process for each of the TSV
and the conta¥hiyifelehireg &n insulation layer, thereby eliminating cross contamination issues. [0143] It
has been discovered that the present invention provides a method for an independent TSV plug, e.g., by
separating the formhtion ot fRE' RSV TR RER AP EY CRAAHG e iREFAREPMBIENSBY allowing the TSV
and the contact to hedddingd efitsepar atdutiatarialsieatdvistiucture can be separately optimized. [0144]

Yet another importgnt as eactth(r)f thhe__ Bresent allri]IYt%QHggull)ssttrh?t‘ it valuably supports and services the

historical trend of reducin cos?él,gsmllp(fﬂyi_ng systems, and ?ﬁcreasing performance. [0145] These and
other valbable aspeiornofahe prabsimnitaention durbengbriilciurttie tapeotstatbcohthectesiinology to at
least the next level. [0146] MWhile 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 SFTHght VYA AR AGHORGVESHIIRTABE SRaRGHA O’ MfEhtel to embrace all
such alternatives, medificagiarsinanaivariagiens that 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-dimitingdlsemsthoa@syVhanis olailmedlistitrdnmethod of manufacture of an integrated

circuit sygtem comqgﬁmgg tHE%ﬁ%QQoﬂﬂ;‘z@?fﬁ@f@d&% an aglive, deyicgi.forming a through-silicon-via

into the substrate; 5 forming an insulation layer over the through-silicon-via to protect the through-silicon-

via; forming a contagt to theasiéivedavige alieiferming hedisulation layer; and removing the insulation
layer. 2. The methOg)rarril%altﬂéeﬂjlrgucgl?—lgligb\lll\{ggﬁllpté) the substrate includes forming the through-

silicon-via through an isolation structure.

4. The method as claimed in claim 1 further comprising:
15 forming the through-silicon-via and the contact through a passivation layer formed

over the substrate and the active device.

5. The method as claimed in claim 1 wherein:
removing the insulation layer includes planarizing the integrated circuit system to

expose the through-silicon-via and the contact.

20 6. A method of manufacture of an integrated circuit system comprising:
providing a substrate including an active device;
forming a passivation layer over the substrate and the active device;
forming a through-silicon-via through the passivation layer and into the substrate;
forming an insulation layer over the through-silicon-via and the passivation layer to
25 protect the through-silicon-via;
forming a contact to the active device that does not touch the through-silicon-via; and

removing the insulation layer.

7. The method as claimed in claim 6 wherein:

forming the through-silicon-via includes using tungsten or copper.

30 8. The method as claimed in claim 6 wherein:

forming the contact includes forming a barrier layer.
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10 forming the insulation layer includes forming an oxide or a nitride. 3. The method as claimed in claim 1
wherein: forming the through-silicon-via into the substrate includes forming the through- silicon-via
through an isolation structure. 4. The method as claimed in claim 1 further comprising: 15 forming the
through-silicon-via and the contact through a passivation layer formed over the substrate and the active
device. 5. The mettfbd as Eraimetdids agimmedvineriaim ¢dmdeirgpahsibidilation layer includes planarizing
the integrated circuBlgﬁggmgtgleqmg@gemgm?ygf@jI{gq&ﬁ\g@e@geglg%ggﬁ@pt. 20 6. A method of
manufacture of an integrated circuit system comprising: providing a substrate including an active device;
forming a passivatian.layertevatitiel subkirate andathecackiveialevice; forming a through-silicon-via through
the passivation layer, and g, Ing sybsialss. forming an. inewlalien vl ouar e froughislicon-via and
the passivation Iayer% é%gprotect he I‘C}{Jgh-SI ICON-VIa; oﬁmng & CONtAct 10 the active device that does
not touck the through-silicha-statagnd removing the insulation layer. 7. The method as claimed in claim 6
wherein: forming the through-silicon-via includes using tungsten or copper. 30 8. The method as claimed
in claim 6 wherein: {drming tRERUHRARIIRERIEE RS3AIRG & HEhTEIc 1y B e BBCeMPHE M ethod as claimed in
claim 6 further comprisiagig planatztagihalintegratadecissitt system to remove excess material. 10. The
method as claimed 1151 claimagow ner iriherercrtlgvigg,}gle insulation layer includes removing the insulation
layer before forming Bihe tontact. AMEN6d of manufacture of an integrated circuit system

comprising: providifeyna g dosinatdaiel imdiepser utivendevieerdsuningcantanitact to the active device;
forming g 'nSUIat'%ljﬂﬁ?é QYﬂoH%ﬁ—%@%%i&p%tﬁgimg VA rate after forming the insulation

layer;

removing the insulation layer; and

forming a through-silicon-via.

12. The method as claimed in claim 11 wherein:
15 forming the insulation layer includes forming a nitride.
13. The method as claimed in claim 11 wherein:

forming the through-silicon-via opening into the substrate includes forming the

through-silicon-via opening through an isolation structure.

14. The method as claimed in claim 11 further comprising:
20 planarizing the integrated circuit system to expose the through-silicon-via and the
contact.
15. The method as claimed in claim 11 wherein:

forming the insulation layer prevents the contact from corroding during formation of

the through-silicon-via opening.

25 16. The method as claimed in claim 11 wherein:
removing the insulation layer includes removing the insulation layer before forming

the through-silicon-via.

17. The method as claimed in claim 16 wherein:

forming the through-silicon-via includes using tungsten or copper.

30 18. The method as claimed in claim 16 wherein:

forming the contact includes forming a barrier layer.

27



10 forming a through-silicon-via opening into the substrate after forming the insulation layer; removing
the insulation layer; and forming a through-silicon-via. 12. The method as claimed in claim 11 wherein: 15
forming the insulation layer includes forming a nitride. 13. The method as claimed in claim 11 wherein:
forming the through-silicon-via opening into the substrate includes forming the through-silicon-via
opening through anliolatibresneibedres dainrdénmbinbibaghelaimed in claim 11 further comprising: 20
planarizing the integratga.GEUBRYSISM 1R eXRasE (R Shraush-piliconsyia A themerRAtact. 15. The
method as claimed in claim 11 wherein: forming the insulation layer prevents the contact from corroding
during formation of 2the thidghegili¢an atidn@iaanicigin? delfarthtreoagifigdgas claimed in claim 11 wherein:
removing the insulation .layer includes remaving the insulation ergefore forming. the
througi-aiiconvia. 17 Re e RO S g LB e oo R RO -via
includes ¥ising tungsten opewphesuBoagathéoaneinodeaselaimed in claim 16 wherein: forming the
contact includes forming a barrier layer. 27 19. The method as claimed in claim 16 wherein: forming the
contact and the through-silicon-via includes using different materials. 20. The method as claimed in claim
16 further comprising: forming the through-silicon-via and the contact through a passivation layer formed
5 over the substrate and the active device. 28
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