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| NTERCONNECT LEVEL TECI I NI CAL FI ELD This invention relates generally to
sem conduct or nmanufacturing, and, nore particularly, to a nethod 5 and
apparatus for perform ng process control at an interconnect |evel on a

wor kpi ece. BACKGROUND ART The technol ogy expl osion in the manufacturing

i ndustry has resulted in many new and i nnovative manufacturing processes.
Today's manufacturing processes, particularly sem conduc@&rMAﬁﬂgﬂJf acturing
processes, call for a | arge nunber of inportant steps. These process steps
are usual |y vi wal2gos@nebst herefore, 10 require a nunber pot/us2pEwist hat are
generally fine-tuned to maintain proper manuf acturing control. The

manuf act ure of sem conduc unber of discrete process
steps to create a packagteP ggsgn co %‘gl\%/lfcé&w%rrﬁ‘@gw sem conduct or
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conpl eted device, are so di ¥erent (%E gﬁ? gt her and speci alized that
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transistors. '@Qﬁémb&nﬂ&%mgﬁ&%%Bmte&%@ikéré}l&oﬁh éﬂﬁﬁeyr es are al SO formed across
t he substrate of tg al areas

across a sem cond uc%neralla a sgft o rproceal_lné steé)s 1s FT‘D T rned a]gross a groug ofesenflcon uc‘%or E TS %ometun{:s
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process co@f r ohucul ARG bewsgitisashalloFlrenchifo@ion (BED emmetirqni t | at es a control scri pt,
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Figure 1 illustrates a typical semiconductor wafer 105. The semiconductor wafer 105 typically

-1

includes a plurality of individual semiconductor die 103 arranged in a grid 150. Using known photolithography
35  processes and equipment, a patterned layer of photoresist may be formed across one or more process layers that
are to be patterned. As part of the photolithography process, an exposure process is typically performed by a
stepper on approximately one to four die 103 locations at a time, depending on the specific photomask
employed. The patterned photoresist layer can be used as a mask during etching processes, wet or dry,
performed on the underlying layer or layers of material, e.g., a layer of polysilicon, metal or insulating material,

40  to transfer the desired pattern to the underlying layer. The patterned layer of photoresist is comprised of a



stepper on approximately one to four die 103 locations at a tine, depending
on the specific photomask enployed. The patterned photoresist |ayer can be
used as a mask during etching processes, wet or dry, perforned on the
underlying layer or layers of material, e.g., a layer of polysilicon, netal
or insulating material, 40 to transfer the desired pattern to the
underlying layer. The patterned | ayer of photoresist is conprised of a 2 9
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| ine-type features or opening-type features that are to be replicated in an
underlyi ng preoemsozyer. Turning now to Figure 2, a frconsk@ntosdepi ction

of a prior art process flowis iIIustrated A manufacturing system may
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of the problens set forth above DIQL AMNVENTI ON I n one aspect of
t he present invent tnon as ecthfh IS P tg %erform ng process control
at an 30 interconnect “FEVEPe PRp] mve ’§%§m§ e | PEOEE PEOIFEPf or ned.
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based upon the manufacturing data. The interconnect characteristic control process includes controlling 2
process relating to a structure associated with the interconnect location on the workpiece to control a
characteristic relating to the interconnect location.

35 In another aspect of the present invention, a system is provided for performing process conirol at an
interconnect Jevel. The system includes a processing tool to process a workpiece. The system also includes a
process controller operatively coupled to the processing tool. The process controller is capable of performing
an interconnect characteristic control process based upon manufacturing data relating to the workpiece. The
interconnect characteristic control process includes controlling a process relating to a structure associated with

40  an interconnect location on the workpiece to control a characteristic relating to the interconnect location.
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based upon the manufacturing data. The interconnect characteristic control
process includes controlling a process relating to a structure associ ated
with the interconnect |ocation on the workpiece to control a

characteristic relating to the interconnect |ocation. 35 In another aspect

- of the present invention, a systemis provided for perform ng process
control at an interconnect |evel. The systemincludes a processing tool to
process a workpi ece. The system al so includes a procesgcomtngl | er
operatively coupled to the processing tool. The process controller is
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DESCRI PTI ON OF R HRIFINGS 15 The i nvention may be understood by reference
to the fol Pbwi ng dBseers pevidesrs ook disgramnepeanitionatai sprmid fckprdaded @ithadc DBpavy i Ng
drawi ngs, in wob@limerdt bfkthe presed evegiage nuneral s identify |ike el enents, and in

whi ch: Figure 1 i SrigueSifBtaled d Ak dé&lﬁgﬁl@ﬂhnﬁgam%pggeﬁtﬁsn o@rn;e oﬁrﬁo@ sgbocgtgrylﬁ s Waf er
bei ng process eﬁgure E'&L&&ﬁ &% “}iﬂl Jn&ﬁ&s&a@% l%og'nnen{ or}BeO];}resent ug'en.tt hart depic I O nof a

prior art process fl ow . guring manu cbnduct or wafers; 20
Figure 3 provi des 529574\ “ﬁrataﬁ C&Fsaff‘ﬁ“‘?“@ﬁ%aé”e%f ?‘i’f“?‘lﬁ‘f‘l’“&‘fwafﬁ’ vat) & FWRRL M PeogdResr dance
wi th one i P ustibareilipativeemprdipryielife poent infsetionr esent i nvention; Figure 4

il lustrates a nor eFighetbaliuftateh alolowedetiogk digra af arb@ i Eﬁednmastemlamdua&wmefmgme Bor e
sub- cont r ol | eri &jordare witrbrg Miliskatid embddindE 6:@e G0 BveMlod; N ONE i |l ustrative

enbodi nent of the ﬂé@eslelﬁgtrat'asrl\ét%gyséc%al dlEéragH)f aesexécohr:{ultqlij§1£f£r@l§t}1easv a’m gcréo(? Bie S%Ctl onal
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Iugh'agve en%:ocg ent of the presen nEve
|Ilustrat|vee e prese inventlon
Figure 8 111ustrates a more detailed bIock diagram representatlon of an interconnect control unit of

Figure 3, in accordance with one iflustrative embodiment of the present invention;

Figure 9 illustrates a more detailed block diagram representation of the system shown in Figure 3, in
accordance with one illustrative embodiment of the present invention;
Figure 10 iltustrates a flowchart depiction of a method in accordance with one illustrative embodiment
35  ofthe present invention; and
Figure 11 illustrates a more detailed flowchart depiction of a method of an interconnect characteristic

control process, as indicated in Figure 10, in accordance with one illustrative embodiment of the present
invention.



Figure 6 illustrates a cross-sectional diagramof a barrier |ayer of the
sem conduct or wafer of Figure 5, in accordance with one illustrative
enbodi ment of the present invention; Figure 7 illustrates a cross-sectional
di agram of a sem conductor wafer with a via, in accordance with one
illustrative enbodi nent of the present invention; 30 Figure 8 illustrates a
nore detailed bl ock diagram representati on of an intercoggﬁﬁb%@ﬁftrol uni t
of Figure 3, in accordance with one illustrative enbodi Yt he present
invention; Figure 9 illustrates a nore detailed bl ock diagram
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fl owchart depl cti %}ngftheammopqgsds@puﬁQQQ Yﬁ‘catﬁ %%1aléeljfii{tl\lljs{mrm§tl ve

enbodi nment gl Ef? ent i nvbentl g % a nore
detailed fl ovvc ’?16“5 PR O™ SP LY aoh B F“tlﬁﬁ‘afv‘?ﬁsénld&%??ﬁ@&?mheﬁﬂrdﬁﬁtﬁrl stic
control proc eé’%’“ d ‘%?émdierﬁﬁﬂdﬁ’a‘t’eé?& “laﬁhelﬂfsfj'a?"é hegeiy of 4peyifip eveberdirebatiie ot iEnEdd togimés the
illustrative drMpinditobnpartiofir fops dpriesiciut on therporgmy, it Matentiod isZo SvelVRnAGBHAND
2004/ 032225 PEhviUH2 00812034 QiiingWikhih @e i ark BRI 110 Avehtdn SUSBAMRY b bfBenkcd
various nodi figggii ons and alternative for ms speC| fic enbodinents thereof
have been shown by way of s and are herei n descri bed
in detail. It shaould be uﬁ%@?@%oo% A%‘{)m N descri ption herein
of specific enbodiTHEHI'E “FRURGE of iR gy ‘E‘W“Fi‘ ‘i‘ﬂ"‘f’ It‘ﬁ%‘“‘effsf?&‘éﬂﬁtyane‘ﬁ“ featpres he
particul ar forias aglieSiplersatetion pyg)descrped infilds speoifitatianr Yt will df@ouisnbeaprterion thasinthe cover
al | nodi fi pat idotiemend ofgduthadkten tndpdinfeRthufiérdue mip Rbdnd@s-spboic ladciBighs Wusk BY dhad tbe

spirit and sce@sve@k idviiGer &R RNuAS cHSfidl2 6 s@é(emtrgﬁed i nglggsggated GJDQ‘I ihts) *
IVODE( S) FOR C’%B&ﬂllNﬁryggImI #Elejné}![\ﬁ%% algr}!erl lkdl)rlélo%é[r,rxtawtﬂ*be d recr;gt)e? atglrl'é?h atdevequm 1}t2 at ur es

invention are escrl tP Qw.

of an actual i nplmé%??tcﬁ’f‘p B é‘F’é“ﬂsé'glPﬁ P“baaﬂdu Hverpsg besﬁn‘é‘t?i""f“f“&%ﬂ“f%fﬁr thopgof i | | of

course be apprEtiEkid the grahavipgihe poefit of iy digtlotreel opnent of any such act ual

enbodi ment 15 nuner cige arpping digrete ptopes-IgPetihvbiva ild@Bitaddudt MalEiGilringd) evanides, t 0

achi eve t he denliopass, sehipdibibri wafe 0109, SemicoAdGddr ASicEOAPD)| & ARERI Wkl multiple

system r el al e dhuAlthebiiploess [RbAER PR H:S provtl Hr Glioil boaBlokeel  OM 0N
a

| tat th
i npl ement a I Og?‘%t%te@crgﬁ)nsct réra e'r\ls/t%cs o?a ﬁurdhty 0;‘ ltgyg%on%uch 28 ﬁ%%%ﬁea% or VJBsU?n %tﬂldddor

devel opment
nevert hel ess B&E%- o‘i‘f’tbg H@%ﬁﬁ‘é’?"f@ﬂvﬁ‘b“mﬁ’?’ ide fpy S &uating peverabyiameien g cepl vitiods ¢ he
art havi ng?% h@wotss ste ot sefongustorsvagiis 303 sepb ay centroliify MFldevelepment ef byeenimerd icongoligt €
processes t hathe @ilelajentiickngse donirdling @erketuagl biGiit@¢onnad ReHhi@s toakfdIRE pre-VAAN WielkridES

wor kpi eces (€ .1drs, cobt@h ottt bnd W TIR! Bmbb@Rents SEFH pgegé&%gnh& rOQQ\ﬂ»rggi%rmmgt c.)
are stepped t %tg'%t‘:ncgiuljestcsl pldgermm&%\ﬁ}p §fl“l£tércggne£ oSS %n emlcon uctor v%?ers IO;rE ?t s of

the present inventio mﬁ)ad /i de. %ﬁ/ ?agr m Nng. process con ffect

i nterconnect Eharacterl s fceé”(gfm %‘Ft} Cf“ir"f °fF}’8t9’§’f‘i“’&?ﬁ§’°a“%ch as cont acts
and/ or via¥, on selrEsPRIICESE 3 a\kﬁfkéfagan&%scﬂomﬂmﬁéw apoqeyiincy it emphodimantyt

i nventi on pr ovf treprfat ingaions ilgrgeds dwperes conalicad TR ngieSystel A0 iC@MbIE 6l convalingous 20
process st eps viits SRRI@ORBIIE toarprot@ing ol 9100 The SiaTB0@S ca@éma fof dukrihdGhndthd@ring

devel opnent Ofrelagéiéa{al s6h ad deﬁ'@Jg?data SIS ﬁj)claskeﬁ' mecc;nm@toxj vlags o@-)(&%f stafe %&tﬁéﬁ&e

g?gf ;glt :_ : gg t L}Ee sgs%%rg% LELQ_(I aQo compntseea n(%eggl'o e%ol 9%00&(): %%mrg mgh’ology data relatedl to thég prg)clésged et al

DT’

semiconductor wafers 105,

The system 300 may also comprise a database unit 340. The database unit 340 is provided for storing

a plurality of types of data, such as manufacturing-related data, data related to the operétion of the system 300

(e.g., the status of the processing tool 910, the status of semiconductor wafers 105, efc.). The database unit 340

may store tool state data relating to a plurality of process runs performed by the processing tool 910, The

35  database unit 340 may comprise a database server 342 for storing tool state data and/or other manufacturing
data related to processing semiconductor wafers 105 into a database storage unit 345,

The system 300 also comprises a wafer electrical test (WET) unit 330 that is capable of performing a

plurality of electrical tests that provide data relating to the electrical characteristics of various interconnect

locations (e.g., contacts and/or vias) on the semiconductor wafers 105. The system 300 may comprise a

40 plurality of sub-controllers 350 that are capable of controlling various process steps that are performed on the

-4~



| ayers, controlling barrier layers, and the |ike. Enbodi nents of the
present invention provide for performng wafer electrical tests to
determ ne resistivity of interconnect |ocations on sem conductor wafers 105
and performng control adjustnments to nodify electrical characteristics of
the interconnect |ocations. 25 Turning now to Figure 3, a block diagram
depiction of a system 300 in accordance with enbodi nents Zf&hmﬁ$@resent
invention is illustrated. A process controller 310 in the §§t: 00 is
capabl e of controlling various operations relating to a processing tool
910. The syst ewo30@i2%2scapabl e of acquiri ng manuf act ur iseg/usnahased dat a,
such as netrol ogy data related to processed sem conductor wafers 105, tool

state dat a, ar@mx&*ﬂﬁlct!)rl v%ﬁrs IOSTH‘gr eﬁéﬁﬁfee&p p:ﬁoggs Wlle@hﬁ)o COYTJQ& re? termﬁlggs t1ec1:r1caf)gy

tool 950 to ac | ‘at ed

seni conduct or q {emt“’ Vf’ﬁeg S““?‘%% pre%te‘f“@l %e %&98 Y p§‘8°“g‘dﬁ?5‘i”’?n§°él°°é“°ﬂfa‘f"&’5 &% unit
340. The dat ab'§§séd 'EYrﬁetS“b?%dle’”é 3% F°(‘}?}‘i“l§% EP“‘FCH)?dJ“ét‘E’?ﬁF forgriougconyol progesistens paformedy pes  of
data, such as ahsyfeEod mefery BF.at ade dild ilughaton am @fsalpiivd ofttie stbhentapeBatid on of

t he syst em 3800provideLigRiguret Al acBdnipinyif; d@briplidd Gelgpt 0Ccessi ng tool 910, the status of

sem conduct or wafe 'ASdm%gﬁy e tsﬁtm)l 300TIQ§ cgﬁﬁlébﬂalﬁer&igllect coﬁtﬁp gﬁ L0 ga?allzllg 3P !

state data rel l ur rocess

pr 0CESS] ng too’f’“@% the aract 1cs ?{n erl e8 oca%onts S iﬁ vig ngﬁev? 0818% Pli egenacoxadéc{oagﬁgse
server 342 for %t‘?5?’?’?\&“&?‘38(‘)‘\“S‘I@P%T“%deéfalf“é“ oA i isreonpach rerrol it 6T in erevied in Giswrafat a

rel ated to proBts¥mprgyigdesitipion thlpwt e ssaert &0 & c@% of wifomise viatsaiyad edistnarsage uni t
345. The syst exffecBB:hadcedtios cOvpibis SieSonfeciaiians othelGtidohdGak wiR3bs, {MEhYousgthd 330
that is capabl ey etl Qi Bga plurality of electrical test s t hat provide

data relating to t f. var J,.con ect
Ing tﬂ% pﬁ)(lc:etgsscglgtrlylglaillo an ﬁg agéoﬁers %ﬁ‘i an%?or tge mté{-coxanlec fom: may 805 The

| ocations (e. 9, fhvareomrdweIre s /or th Lo
system 300 may conpri se a ﬁﬂ'@”“ﬁ PHfLbeF £ tapelowe s E’d?ﬂ’ P"‘d‘l‘“fg’étf%‘m%S‘@mf‘Wé‘tys“‘é‘r e
capabl e of corftYETE Miyhs tmdils Fybeees b wiiepempnets reprpsentep by thegforke tusoredthe - 4
2 9 W 4. 15 200re\§OmB0 Orhin@B 2R 28h PETMMIS? 0083 §R98 ddmuse@ivhsCiaduct ake wadfer s
105. For exanlo@munichliens RiieGCRHRS belaQbHphit bhsitk, B&eﬁleafgmard%@&hﬂ@m&sn@ﬁﬁata%&oﬂeed

el ectrical  ChadaClmbinBiis h}ﬁéla%éess tdhicaiSns A" 9 f %&%&g‘én fires> tnlay Leh

val ue for par tl‘nglc nerf rdb%!ﬁgs chﬁ%r%nr[?%havxlgﬁ%eneﬁit otq%prese%t% € use

sub-control lers” ~5 for vari ous control

process steps perf OFNEF™Y S #hé SB¥ ‘EB%B’E%“&W%T“@F%‘“T@B“ supceqrillers Bf@tmi | ed
illustrati 8& aAYrdepesstithjepbofipents of the hysentipigationis fillusyhtide (The H@ntiokpr 356 may @wpriged i N
Figure 4 and aedonpamnlinitgsucthes ¢ barjet lin@ Ronb@ w10, Attt duRa @lohitry cdnfif wiiysd, @m 300
may conpr i Se aifhetlibficRi WRHten G l1ihed (L bhNbybr 3RO lﬂnh@sb d ﬁe—xﬁ‘e@p@&l:tgc I/ID) lay er
control 1ing t hgeha 46 Lol éﬁomscoﬁlerqimal (il BRI hocl s%gf é@ | as and

nm

r%r ed o emico n? CtO!
contacts, on thgmﬁ&nhqggomuhe wg 'S N ar i cr1‘_ ff" i on
and descri pt i on coffée™ d'Beﬁcf”?“f)“f" ﬁ?ﬂe‘f‘sn\”%%@a‘FgedﬁF"B‘{ﬁdH’é’ﬁeﬁr‘}ﬁesﬂzl gure
8 and accdmmafiyrieh’ Geetieist ok s‘Bé?“B‘WF“ 3PP cepal pasipps BERnSiobtherseppiaishtor pyffers
per f or m ng vari0&ersh a8 Bmtarrig linegsct e ImvamtbegedmerrylQer afi fheB¥ID kfae  char act eri stics of
vari ous i nt er conneCimilgaoatoiFgRs 50 trdhetita MuGaRaWeL QbicoARES wererk B5with 8 «&hch
control ling thggorkiesinltkid tl*‘]!urpﬂc sh@vs Yid 1 Sﬁé?gz/o%ﬁ 1%3&%@3 @b&ta subIlQ@ 1t £5 EWrithin

controller 31 . i ma eero%[l J T erconnect cont r ol
unit 360, quhhgyggp 9%% e "f‘“ﬂ o8 ’F"“‘Sﬁd“’F VrIoPERRy dt one

st andal one QE ni 0‘1{5‘}911%‘3)'76”8@54? thid Beg"tseﬁf°é‘dm P PRt dn Eo Fbefespt Wﬁ”f’w may§x¥eicat ed
with the syst eiFInodampeang BEpshivhie may braised toreiegiersetat inep oneshit .sd/ar eipr ilwsent @er by t he
bl ocks il | ust rredcess inpnibthdsd Filldén (B aByinCORALAhCR:E@! dvtlbshe B8 APBINBIreMd A a
Syst em coMMUNI sfeit lin€ WSntdcts, A/oBvlad. . Thelfeh §% SikyE@ M Nined with a barrier Iayer 510 to isolate the trench 540
from the ILD layer 520. Generally, the trench 540 may be filled with a metal such as tungsten or copper to
35 form an interconnect location. Certain characteristics of the intercormect formed in the trench 540, eg.,
resistivity, may influence the barrier liner control unit 410, which may adjust control parameters that affect the
formation of the barrier layer 510. The barrier layer 510 is shown in more detail in Figure 6. The barrier layer
510 may comprise a tantalum layer 610, a tantalum nitride layer 620, and an PMD layer 630. The tantalum
nitride layer 620 may be positioned between the tantalum layer 610 and the PMD layer 630. Adjustments made
40 to the PMD layer 630 may affect the barrier layer 510, which in turn may affect the characteristics of a contact

-5-



comuni cations line 315 may be a conputer bus link, a dedicated hardware
comuni cations link, a tel ephone system communications link, a wreless
comuni cations |ink, or other conmunication links that may be i nplenented
by those skilled in the art having benefit of the present disclosure.
Turning nowto Figure 4, a nore detailed block diagramillustration of the
sub-controllers 350 in 20 accordance with enbodi ments of 4@@“?@ ent

invention is illustrated. The sub-controller 350 nay conprise® rious
control units, such as a barrier liner control unit 410, an interconnect
geonetry cont rwbemv®22420, an inner-layer dielectric lernmeenomebal |ines

(ILD) layer control unit 430, a pre-netal dielectric (PMD) |ayer control

uni t 440, and/ tJ ﬁ'ﬁx ﬁ'a l’rl.‘l Ith(g O§4B‘ Chne &%%}Lr antrbilB!E{ é%)agaga%g Q’} Jo&lolﬁ%%%ge(s)sgﬁe fS steps

performed on semj conquct of 30 and
i nt er connect cpﬁ@rlﬁ'ﬁrt & W@@l“@%aﬁ{e‘fﬁ&f bagiptdavey P K BERY ‘ﬁﬁl“ﬁ’élag PP Esis L B Eends
control | er 3104 papditstng faseepmpsyitionh theybyrigroler o | (ef-s2 B5duyigtapmiriddpatalrar i ous
portions of t remtgetivhoondffct tor chwakitic(e s 1@Biyvitys ofoh inggorbdae Asigifiondlig radjhstingelres, t he
| LD | ayer, % heesge@pmior i e MOKickR @1 hd 18 eriMrolndle@hrrier IhjdF 310 B@ FROYE) by ofrdeGidr €S

3-7, -a c | i ercurnec roc
tr encﬁr Ozzd?gf&d%?'g@? S(i%j %Wt’ﬂ 89§§ QIIII ﬁ é&%&ﬁ@%&ﬁ%ﬁ) \&@BE El;y b]e(%gpzyedtlﬁat is

deposited upon & Stbs ‘%ﬁreseml mvem“m P gyt &Véafaﬁmﬁm (elghrés“?"f_y %%“?20 a trench
540 may be forned. Toe b%“F@ﬁ@ﬁe %&‘é?’ feargtiopreuigendioe tﬁed‘e‘%?“ﬁin%w popyslied dotafiegiciieur s

I n one 30 emnbotkrasterivtics offa wie fotured fiar iheF4Gh JH \Forlzermpie @lLD Byef B myde @unledoffct N one
enbodi ment ,io t he: chdr@BrBit(sHShe VR Yot ok @€l trdoéh 54 €hé DOMBy@ cAHBITBSKCHINEay RIICRS S,

whi ch may be Ll:ﬁa@aﬁlter;sﬁ:s Qirtﬁ‘eaﬁ'eﬁ‘ch m@lconu)llﬂlg She cﬁgﬁxﬁ&t& the ﬁﬁqé}&r 520/ i @cﬁmonm Wever,
ot her pr Ocessﬁaconnec eom%tré contt}qsllgt 435 m%y coxgrol tﬂa geome% t1’ %hf: QT% I ﬂ(g whi€ m@el a ect f the

present disclosur ma s, and/ or
vias. The trenfA™&4 ﬁe“?{rﬁe?m‘ﬁfén})lthﬁéﬂch\ﬁf“ttwaée Wy dspepaeet: [Toprere t?ﬂ‘j’ °f’“5°“ier§%§P gte t he
trench 540 f rismedthefeqt plEuiahgharpcteiiq of tiSintpespugdc] lopation, fyeh ap thectyqrsh S48 30 isifiieg wites fi | | ed
with a netab swehof@sedviengsten or copper to 35 form an interconnect
location. Certain epa Bifs@icl SdrdsCsetiibl viel 6 alsdMicBlae@NRE 105 Rl 050 taind et I €NCh

540, e. g. r etﬁére%t IInVAnL ymbomt !1 mIIJcMc.eQ}%ﬁa%% Qg?p ﬁerd uf;og I;he Isdb{l}gtg la)%p .J)}B rug)oLn H&ht 410,

whi ch nay adj us I I on .o

barrier layer Ige% aye'%({ }Bléﬂrgg TR e OSTbc"fn%meaﬁ‘B‘b\lhm?n °rr?’6’f’egsiﬂ‘g’f PR 20 qur e
6. The barri erdpasjeeproces gy h“a‘?edé‘bfﬁ‘ﬁ‘l‘*fe%m‘ém"é &t Freuin’10dsasreralyrfrmeddo desiiellyl um
nitride | ayer &8 woanydl seficeRNEN 4s thy/ep m@BMhes Thhitiusttagdvin Bibwr? Thvittomicdiding Ay ey 620
may be positi Oregardee byeeRctbcger tanthakirk 8)B86 md blrimado hireonb: tvayed 1630 .

Ad] ustnent s naﬁ?thé Q’e Jeﬁuagem@ thmecltr@)é?eF 74@ Sﬂe WO @a? E%edtﬁlaﬁ a pé’ﬁghrSkOQJee ﬂlg%éé ?)r 510,

which in turn t i cS 0 R 2907
WO 2004/ oszzzﬁ@éﬂﬁ%ﬁ%ﬁ%@@ig"&%o?é?e Tomt heetv?zgr?c & oy m’%‘h °“’|ME“D | ayer
control unit 4%FTLYEIRMERBTEHhtrol 1ing the processing of the PIVID

| ayer 630, Zhich ndle rﬁ!ﬁﬁ@tﬂtf the Yie7Shzi/priother cqniggisatey HQ the ephationdsy divief fapéeipdng t he
characteri sti cfwm) thoproteh@l femicmditor EakB. 10Ad ] Thgdfdren gontrdlidrg GG NEPBYViLE k0w @ifintdhe
barrier layer fdiflentifed@mnge oftolbrakbtind) lddkoln@R la@braldB pitlcdssed ded pddbct] Sl benfebtdRionat i on)
may af f ect thewafe;gqr)ﬁ%ﬁam%& cdnfibt gmmongeégaﬁlé skanyc)mng&e &Qacte&ac@ zﬁmgﬁe%m

Addi Iy,
itionally aﬁgj “LA%E mfg nce ge e egsncs o¥§1i61a 7%50 tgﬂ |§|d °S‘t %’)’ °2 a{"’égf)st he

the layers that "form arrier e

charact eri sfi cTheeorg. ““hzi*“é let ?“V‘imftﬁ?‘}e’s 0 E L e taédf"(: éeﬁ%%‘@t“d ognirg) et ?F%‘t“a‘fle"m‘"al
deposi ti on pr odastsgstcs pighe intperonasiddcaipm Guch g conaeityadiianenmt bs achifved: fyitlizipg @rbaipxents

i nvention to aéfiveptsent @ntiod) eonBbCaf @rbdesS(hs) GlatnLio Ghe or nof Sthubthrds dsdgihteddith @Mterconnect

i nterconnect. ({ g I i mgxaﬁaﬁk PhD 1abek €89 fbridd layephbl Smic @Err’m; RN $44 rvﬁa%bngé £ the

trench 540 naywegﬂ'%gcrs e}pmeﬁog{u%a&lﬁf%‘ ﬁc(ec g&g ﬁg%tﬁebmtmomct a via forned

fromthetrenc controlled to
af f ect ummg now to Figurc 8, a more detailed block d1agram depiction of the interconnect control unit 360

is illustrated. The interconnect control unit 360 may receive metrology data relating to the processed
semiconductor wafers 105. The metrology data may include measurements relating to the barrier layers 510,
ILD layers 630, PMD layers 520, and/or trench formations used to form interconnect locations, efc. The
interconnect control unit 360 may also receive conirol data from the sub-controllers 350, which may relate to
40  control data that is influenced from the interconnect characteristics prescribed by the process controller 310.
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10 the characteristic(s) of the via formed fromthe trench 540. The ILD

| ayer control unit 430 may affect the characteristics of the trench 540 by
controlling the characteristics of the ILD |ayer 520. Additionally, the

i nt erconnect geonetry control unit 420 may control the geonetry of the
trench 540, which may affect the anmount of netal deposited into the trench
540 to nmake the interconnect. Therefore, the sub-controll e%@ ﬁ*f)g@gay be
used to affect electrical characteristics of the interconnett! tion,
such as the trench 540 that is filled with a 15 netal to forma via. Figure
7 illustrates wocn@assesecti onal view of a sem conduct orpctbisidm Wth a
via 750 being forned therein. In one enbodinent, a dielectric layer 720 is
?g?ﬁ;ht e.?_hgpon&]thgx%t%lilntg? Eu%)%%ta and/or){he contro%g)a’taéthlep :?%cig#\ll%tcr%trg‘l meﬁS I%ag'l&aﬁs:sg u?t{nfné:tggnles
enbodi nent , bed‘&i‘?d’g?f‘ér?é“"‘m 6fd>§’§*‘§s Sﬁwﬁs’gﬂeﬁ%@e SR Valk d 05 pragr to| affeseiBe 705,
The via 750 i schg@ngtlal‘)f the ifitegorneat] logationeforred onj ipadnliopnd®@r wabesiPele-£. VB revgtidlof a
surfaces, suchcof&t dr i@a ik ofitd sechicohdufi@ $af#@65).1 | | ustrated in Figure 7. The two

metal |iness705 My, xﬁa@coﬁ&p@&@ﬁuﬁ@emy@o@m@!i@ge&ewmgl HeBYSitics cé}&}am}mﬁrsﬁ)fﬂm e, the
via 750 may be, Yl ect L are

separ at ed ¢ lﬁ eg'ﬁle 0 magﬁ’a predxFloxf" Jr ge eﬁxang i;;ossmle eYe\:Kc)trfggltlaracte)?lBﬁcs ?ua] as resas?wflty O {2 o
trench 540 ( st e jippplomyd oo p f‘?ﬂ'ﬁ"nil“ém’f“iafmls &5 T e rha s it PO PRt ge Bt ance
760, such as CcOpst electiPH echapeteristies Galqyigipn [yait $& éor predist] of detsmine Hee poshible| dectriva] ¢

| ayer 740 by achiy&rerisianf theictve@et forbde@on 2 SemIdu@indfof Gafes 105.VIht dfecttidal chauerivtic datahBfingand/ oOr
ot her cont agt Sto @8 Yiasthdd® 6ther bohiRts @RPEATHE KRniRE b}a\hedﬁé{doﬁnect PR 3Gk B30, Frhom t he

processed sem ﬁt@rmgtpggess}ﬁ@(roﬁlraﬁmwé is c% f ()F ’varig\g %BJ%Q %K%L g.\gx ag Q%al S£§ sition Stivity

to be within Rre nce

accuratel y pr oBEREEIFHEYIUED FFBUNECL T ORI BEARIBEErS HArRISTGR The
barrier |iner Ef?fFfflﬁ‘goYVh“ﬁ AP P’°°451‘{‘F sfers thetoips By aBfectsd byedpptmen B4 thgnilfes operation of the

char act eri st i cab-grhtrofldne35p alnrofherrwolds, fhe intercqhhdt, prasfading lvonmred ynif 3¢ §s w1 tavaating
characteri 9bi Cossible elebial\thathcteffitlds brfi@lintdrGnnele POt 26 pldpGIR abpiiprialRbRbivd &Mes 730.

30 Therefor €, %&uls ﬁo%x@&tﬁe%eé%bfo%ﬂ%én@éoﬁﬂ%{ c§n‘e§1§:@ of Jm?c@ﬂgﬁgcléuoénd/ or
f eed-forward contqu 1 hat tics. of

Urning now toaﬁfl 1€ 8 a moree detan{eg élocf(i((ijag{/am o%e 5Ys e%rSEOS in acc%dance \gl{?hoge

i nt erconnect | ocations, suc as cont

Utilizing enboBiPRpmpier thegpescptfiyenticp is dingpted; Fﬁ’?@?ﬂd\‘c@h"“&ﬁ (]JqfﬂarF BPeesEsf onFrogred's ?(’%s)

rel ati ng to on¥% P10byyng aiupelify el reniral inpstsizralsatr ednufgbnrng periméteny prpvidohvieetine of . g. |
the ILD | ayer &R0k oBL Melonkdingk siddor mbdifaduiried patuseysBron Bid B 928 & et @lthe biota@ig 710,
the trench 540wk, QZMQmEBﬁpuEFBJy@eLn 93d xjxariﬁs%mz Ql&face?ﬁga, J15uTRE B8t RAEDHALRBE. T O
ad] ust a char aﬁ&l‘?&'&és %ESIa C91£beareg generah}h ﬁ)cal;eg %ﬁt i pgo\égs ft()olis @%a dﬁ&berﬁ(y? Ql?éﬁx%tive ﬁS

Turning now to F| ction o

i nt er connect cORET oeint %enqrt”%éeﬁ(’"‘??%h“?e ’ﬁtet‘f%‘"'f” e Ilf’é"’g"ld ﬁ@@rﬂéec?ﬁfzfgﬁ m?,l‘bﬂ?ar ol

unit 360 nmay r S0 Yesenenduger Fas 1A apovidie A grredTomHehusline gitsige tools 910. In

sem conduct2dr evaferiedimdnd Semicidestonaafyr0106 gppy ehateideday 2 pracssingrieo! I ¥asRBTER tus
relating to theteddive cnBidinkd yeictodmibOyafers 1bDndy By RdvRedG3 hrocd iRt IBYEIA o 20datic and/ or
trench formati a@sn YSEodo hQEnh BEHGRNNE Clagels 0681 | QNSo en%&nemTQ%lmh

t t t?:l
e comect cOaLg i Bt LR e e
fromthe inter conné’bf’“ec‘}‘l“a?d%‘tt’e?‘i ST b‘Fe’és"é? PFRECBY Pk SBFH B SeEEHES o | er

310. -6 239 VERngeHP WndgghoBY 9 HemOTUSAIGHRs0 931D The fompuiepsysrg Btie
met r ol ogy dat acegabid/cdeonttoliey @@ain@beralait.ajn dnd@nbbditiets BOGNREE sy@@N$3D & 2 pistest 360
may cause adj Ush#Bdal the E&put@@stdi‘ﬁﬁ@ls SR toh chHpbtbr@tborbde YnitDB2 tRY B S5in SLIBRS of

perforned on t Qﬁwﬁeep%gggﬁqy&& Qls. ’f‘@ &{prtgrgéteﬂn Bko %g}dc%x(ta g cgtngrgﬁrgcesgobs%not shovgl

characteristi Caat AN rconpnect

wafers 105 ge qrgl%aﬁe 8fn lfef%in{}lfgt eﬂg:ratgns cﬁescnbec? Yslerem The computer system 930 employs a

manufacturmg model 940 to generate conirol input signals on the line 923. In one embodiment, the

Ct or

manufacturing model 940 contains a manufacturing recipe that determines a plurality of control input
parameters that are sent on the line 923 to the processing tools 910a, 910b.

In one embodiment, the manufacturing model 940 defines a process script and input control that

implement a particular manufacturing process. The control input signals (or control input parameters) on the

40 line 923 that are intended for processing tool A 910a are received and processed by the first machine interface
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contact or a via formed on the sem conductor wafer 105). 5 The interconnect
control unit 360 nmay conprise a via electrical characteristics cal cul ation
unit 810 that is capable of naking a prediction or determ ning the
possi bl e el ectrical characteristics, such as resistivity, of a via that is
to be formed on a sem conductor wafers 105. The interconnect control unit
360 may al so conprise a contact electrical characteristics p@Nﬁyk i on
unit 820 to predict or determ ne the possible electrical characterlstlcs
of the contact fornmed on the sem conductor wafer 105. The el ectrical
characteri sti cwoabmmsedsati ng 10 to the vias and/ or ot hecrosnéaesss may then
be exam ned by the interconnect processing control unit 830. The

i nt er connect P41QC %é&ﬂ&& uﬁlg %Fnralglm tﬁé%é 92? %Q alle %ter%% J‘o?essmo toc? gj9ﬂ)§ tarle ggfve aI’J ous

process steps, such %esecong region

n
barrier layer 5X0°process nmacg’ﬁl\?%“?%l ég’ 6'%8“135?' Efcfl?spé"feffﬁ‘g t°ﬁ’ﬁa?°6r91qbl\‘}ﬁﬁd frayer
520 processi nf§™e ‘&’Iﬁla‘&fa‘é‘“ﬁpffeeé%%afeﬁ'gppg’t gfigrotehs ppls. Aampitipdoofafddictied by
adj ust nent dat a t oOeonteredf the paicondeortafesr 0bthat rhi@ocesd by-tietitessi) todly B0a366 | n
ot her wordss td&ealioni @it @QRRBDEY il 050 &5 Sdqigios GRktoRly dithi The B3Body Ho28PADbE: Of
cal cul ating 1550&%?&3.@ ac‘?p!us@cﬁ& %JI%LW&Q ﬁ{o@ﬁéa&feﬁl&{tbo?§ crﬁlir:al megsldnglggwe?ng [c])g‘ICt

| ocati ons and Vi d| n correctiy vari.ous i ons of
the system 300‘9158 hfmahe HR? o atmeg‘ﬁog g %(? a‘i‘méler?ém(‘)”fm°feﬁf°§ef‘sﬁd(fﬁﬂ‘é’?:‘?‘°“1r 8??%% i ons.

Tur ni ng now t 0'%Fi jb‘ﬁl?egd@y dag a‘%’?‘sé““bgé? B BIEB Rk A el dinfiern the hrEclegy 92181 300 i n
accor dance wi t Fe arielosydpiodiicard teta vaskty piivbysipll @rsieqtrical pharycteristiés of thei dgvicks| fnukg uraxt ed.

Semi conductlor tekeitBdudd vafes Bs. HooReHEatkray Pi:OGLESbingd isa0inswidd hQarem@E0b

usi n g ap | ural deﬁty ofﬁznclﬁpﬂfe\r/aﬁ ngfem%eé l’els@aﬁée Sind t@rhkenﬁ%fo%tﬂ%z!y Béhsdd @ordgc% ers,

pr ovi ded via a‘fal.lltg ﬂ§ mg}rbe grgsemg:l;owe% ogessé?ﬁ 5315 ndu&o? wafersOIOS w%&;ilxi[‘]%bse u%(rl] % tlf)ht[le t ool s

manuf act uri ng {f proce

910a, 910b fro“%“%‘%’ﬁg tpé?e“?%/tg"tlsé;m 930 vi a machl ne i nterfaces 915a 915b
The first and secoréiPriehirie sy @rfoispndsa fign Ge meglpGianmelysyarietotl diyritzocat ed
out si de t hé5 pr dawtsstiogatd ool te B EOekctri@l €4 unitl 390, and/oadat @b &t HawBase @irbodiapeNt , t he
first and secondivimg bt fercditt @nkd Ge:S6® ThainteSohh c@&@u&t@@ﬁﬁa?gete%ﬁelﬁ:le@osslm
processing t 00k Wit B Bl 51 &%}%&Ja@r mvx@s[i&xe% hidps Balli@ duled Lo

and carried fr 0 ? enbodi nent ,
semi conduct or 81@ o%neg co_f{sogumtgé() epr(p egag (bprocessaj géegt%to @su 8>Btrolle§sf60 H:genu al | y.

In an alter nast“'i’“f?ém’ger‘r“‘t?é(ﬂ’i“ late ?ﬁ’mc‘&ﬁ‘ﬂﬁf&ff E?W%?"é‘i“%m (s TRiggensEupp itded t o
a processi HY tuesseD pgorm @riheagriemipetprowatesaloh| Bpfa felating 1o fepdddgiobridior frivfewaent oOf
sem conduct or svadedpn SiayBbe. sent ty the KLB-cidBOEl SIBAHe computdd l;yw:radao e @iputeSPREMOENAUCt OF
waf ers 105 is hdyalGRMR dspbrsive c6tirSi adj@rmhi(s) to%&‘t@e@&ﬁ ro!es@es Eeﬁﬁ'ﬁ%tbgtﬁ steIn@OOt he

pr ocessi ng tools 9-jfgmngl d&wQ@ﬁgn?J‘Rog'ﬂg(F%n ggon o?%lg&ments oyt%e pr SN ventxon x

control input ﬁlsgmg stm Hf acturi n(gl par 'he mI s923 to
the first and second PTAP I PEee sosy °t°9‘1“§°ﬁ IOW%cké%??pH'Pé Pr°‘§§9‘§gt em 930
is capabl & of th“csawwdaf“rr Wﬁas 1;9% graedly mamTagsiag diei stsh & meraipexsirie andiobyeli tesbdae s t he
conput er syst e 880 Thessystem3p00ws squire oo daaadating Fh e @R te@icorgiy®l @isA®0 | S
coupl ed to a COEVBUEEY VBtoDEEBILmAyHtich beDRal zdd Mk rerBy/a fRRGY 86 RirasteriMcd) b d baytieOf

sof tware .progr 1@3?05@43!@15@:@&’% ﬁ% §ectroy@ @ané?e%I? b ﬁf) 1a§ey c%&%({lg@é qteﬁﬁéﬁarﬁcg&t&gl abi ?ne or
nore processor oc . Lhat erations
descri bed ggr efiﬁen %eécob% bt Ste S ési?(fcqem ‘fa%r %1&"“ %“:% %?tﬁ‘ét“’u"? ' model
940 to gend? at BEEHIE 8 vaio °°’§’F° Hﬁ “§‘S ??rfhetsﬁ‘ém?df‘ﬁ‘f’é‘”@f‘?%l“ folgckg frie)- é‘i‘i*biyﬂqmrre nt,
the manuf act Ui BY PRt walarGleeiis fiegtidpisto deterrinvlif sribus Phamrrittiesciciye the besittance at
determ nes a patirdel dottaets @ifl/orG iy Torm@lon héaritondupa wvarree@isck iddat are sent on the
line 923 to the propRSslyRgoeftR0heol} 0 aId0R whP N Be %tl;(;)%o%mmpmm?an

manuf act uri ng 1%9!)%6@ %ﬂigctg&;c Ic&‘nﬁcﬁ px%cegrtg) %a%e cgaract%ﬁcws (r)} mte{cm%fcg locaPOni [egf wgsha

i npl enent partl C manu nal s (or
control i ngut ‘ét?"é%e’tmé?l%*‘fm" B4 S, e S floqk d068) e et oRYErFreEston T o
processing t oo‘f“l‘%ﬁd 9 rergol drormest dpiristtieg idmyd rop dhe sepésehdistpr wikes 105.r 4 tmorrgieibde

interface description of the step of implementing the interconnection characteristics control process is provided in Figure
11 and accompanying description below. Data from the interconnect characteristic comtrol process may be used
to perform subsequent processes on semiconductor wafers 105 so that characteristics of the contacts and/or vias

40  may be brought within acceptable predetermined tolerances (block 1070).
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-7 2 9 MAR 2007 WD 2004/ 032225 PCT/ US2003/ 029340 915a. The control input
signals on the line 923 that are intended for processing tool B 910b are
received and processed by the second nmachine interface 915b. Exanpl es of
the processing tools 910a, 910b used in sem conductor manufacturing
processes are steppers, etch process tools, deposition tools, and the like.
One or nore of the sem conductor wafers 105 that are procez$@dr g7t he
processing tools 910a, 91 @ 5 can also be sent to a netrol ogy tool 950
for acquisition of netrology data. The netrol ogy tool 950 may be a
scatteronetry weabmsyeensi sition tool, an overlay-error peassdemmab tool, a
critical dimension nmeasurement tool, and the like. In one enbodinent, a
nmet r ol ogy t ool 950 exan nes. on cessed. sem conduct or Wafers

105. The metrol ogy uﬂ’afawatﬁallgffsﬁls an Jét@"g‘ggk’wcmﬁﬁml‘on ° o y’mppne‘emmértlhﬁ

anal yze data f“?“iﬁ‘iﬁ‘i“f“h‘éa‘%‘é‘fs?°6f°6‘ﬁ’§lpr?°6*6 [Bs W@edmbﬁ‘ilélom?@{ed&gfﬂgﬁ?‘&i iThe sgftePect ed
to a variety GPC el clajant prrameiprereleting togthe vishaeifopeentests (bipek 1d ¥). offor ¢évmlednvsistm s
formed across 3tOmdyRecuBie rk OOnNaecbichess\aé BFrr 1@ Shardiaristic Xha Bjdiee line@i-dcaisirgy dat a

nmay be obt aj negyRfe femn Léomy WhrbbheRsti LR EITRA St wias HRRRNOEmThEAGHESs 1081 deval |
angl es, thick §s§stemﬁ&)sma C&ET cﬂtg%e Enax%onhect§SMe&4%£aFa8inﬁgy an% atorem regt% sed to

determne fault reésent  acr Sem con uct or
vafers 105, wHIEHFh ’mdté’“%‘g AT 5 DA B RRRLE B e
processing t od’f‘@fs@f@lodsﬂlé”bFmt%@e%%%ﬁ@mﬁﬁwf%é‘tfcwfPr&lfﬁégkﬂéf&tlsacsfn?%m t he
met r ol ogy dat antaekeyBdagnd foringd of GO semigdndctbrvab@ 05, THe sygthraioq ttnaiktireinds @betheatica fr om
the wafer @i eCakthol 6:3kedibi@Selectlibli charad@fdtics NElé@fnedtl Rballont 5:019 diondladr 386 @osuri t 340

may be recei Vvﬁtdm 9 ¥reJetL- Lﬁméd QZc%aGIQ %@ %tol&tg&t(l;l&!( 11%3' i ]Ea reg’p@rge to EL:' ﬁetelmpﬁagocl %Qme ct

control unit 3 aractf:ns%s oﬁhe a d7a11ons arzg1 w1t agats psreldetﬁmhmed raggg/o t%]era:ice '{Jha JStﬁm ?0% contmues

characteristics P as and/or: con

det er m nat i on,P¥HEe °ﬁtﬁ‘?ts"é‘?‘°€‘tﬁll‘ﬁ‘?é8%fe’%]8ﬁfb}°f¥l””Gh‘l”‘fm“?@e‘ﬁ‘iﬁ‘éym%ff‘ﬁ\?‘i ‘Hé“eﬂ%i’fl&’ %eel ati ng
to process adjmstshents to the sub-controllers 350. The sub-controllers 350
may cal cul at e f eedbme kdeanthatph tt@e denfalhdng preticR O shtir@Eiisti® BShetierdodect lgatioasmnt ed

upon various Z&ts&raegneeg@@esfa,eeeam&mshm%o& lb&p@&mﬁpamg&&merme&eh'amcle%es Dat a
relating to f PJQ% &5 a‘gﬂ/ c%ol a%%gmet p%ﬁae sa@dsh elgt %Brl Wclmesse&e %msl ot by
ers 3 St e The

t he sub- contro rq? ut er stem 930
may then i npl efEKEEFELP Baﬁrﬂ \‘}"ér ‘518‘?1 B it ?}fl}‘?’@ﬁlﬁ’f‘%s) eph °I§ﬁ‘f5 nglffu%’ fhe ‘ocesses
performed by the S“é%‘@&?ﬁ I3QEeeiverisie AP e tsTrprice cirg) Ui 60, ghichgnay peggd doreffugnee

depi ction 6f emdyodspertiendfon theenjiro@sen tafirnlos mt dfenth earadetidies St e n@domefhe
system 300 per hdatiofs TRQHRES 6heGidps IQ QA ¥GHIG t OibsiBENS biodude@R plobtks Qférfoklk0) .

Up on processi ng, 1m13&e1¥tah§1 oﬁﬁe’ﬂt&&&%&r&{erlsm&ﬁgﬁrogeg §escnge§ ﬂ%{o@clléd of Fgﬁ'pféf acturin g

dat a, such as nmetr 8110 q, resye\xl:i‘-i1 mantu)[n contro? aadjui;%t]’glents %o gf(f%g cllaraatenstlcs I(;]fe

system 300 may_acquire et mei“ts o g L
seni conduct or  EFEFS Py mfyt?FB mli‘b‘?G’freasmafcm%gvhed}ﬁfrﬁ‘”n‘ﬁﬁevtcﬁé‘ﬁm‘ﬁé“ %hal yzed
to determ A& aprqststneafsintiqpndprtor wafay18% Prorehsseuid tschuigueraray by gsedia pifest enptle cllargpquiptios
characteri sti c&,intckMokcl lagyi@hs frn@Cdnr i sricofdiad: aekre 105 SthekeBySimprblidg) te@yr@fmance of
characteristi c&wce;ﬁ@mﬁemﬁmghggnh@&;ﬁﬁm w@nd the like (block 1030). The

Sy stem 300 may al s Qhe%ﬁrgwes tglglw t?g pre@Jn\;engex{nLnCc%l betirgp e&engﬁl&% A&}Iar@édlf’l%gesst&mrolh

el ectrical o cteristics onnect ns

seni conduct or %g‘? FEPH5 Vbt d ?%ta%i’ﬁ o ‘%‘ﬂe@ K ﬁeTﬁ?°°r816b ?:rlﬁycat?tlﬁséfyff “Fhe

waf er el ect’fi cimicgndster %E“&“‘taéd Maierigh ﬁﬂt%“"éah @E‘Wé Crnusr Tetpered Memrtatg €EMsuch as
t he resi st anceFrateworlpamlipnt sybtear teciologiachdis mmd fnoire Advagrsd Froen@orod(APC)Famework.

sem conduct or @wif(sEs 1069 ( IhoaGdsal $RERMtion IOM FAKSLY BbinQkchitelt@e) BRAPOISEGY dat a

and/or the V\ETESQ-@@@-’ - f’r%un%y %{ae@iﬁéat?bq Ofml’f%)M IP{EELV%{{EJQ&V&D@?B Pr&:&g Qfoﬁ:lgﬂ '@gﬁ\p%nent)

IC E?re;ig:)ﬁ rnIG(SZE I f: Sgc:%faglgn?are ;P ghcl avai?able magEfIv& C'}he Et\pce ﬁaglpv%gkqg a p?erfelrresdt p']a(f\form g'om which to

implement the contro] strategy taux,ht by the present invention. In some embodiments, the APC framework can
be a factory-wide software system; thercfore, the control strategies taught by the present invention can be
applied to virtually any of the semiconductor manufacturing tools on the factory floor. The APC framework
also allows for remote access and monitoring of the process performance. Furthermore, by utilizing the APC

iramework, data storage can be more convenient, more flexible, and less expensive than local drives. The APC
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35 contact, etc.) on the sem conductor wafers 105 (bl ock 1060). Feedback
and/or feed forward corrections may be utilized to control interconnect
characteristics fornmed on the sem conductor wafers 105. A nore detailed
description of the step of inplenenting the interconnection characteristics
control process is provided in Figure 11 and acconpanying description
below. Data fromthe interconnect characteristic control Z?@ﬁ?ggﬁay be
used to perform subsequent processes on sem conductor waf so t hat
characteristics of the contacts and/or vias 40 may be brought wthin
accept abl e pr esdetmyesened tol erances (bl ock 1070). -8 2pOr/ak:EN0E WO

2004/ 032225 PCT/ US2003/ 029340 Turning now to Figure 11, a nore detailed

fl owchart depighi | erconn

char act er i st cﬁ‘s"‘& aRB *"gfﬁ“@%ﬁ%&s*%’%@?%%‘ bRk AP S 10

is illustrated. {eLerest 306G cal cul at es relevant paraneters relating to
the via and/ or con?%%ﬂ§m€BW6@¥mTTT@¥m“ﬁdwﬂékﬁﬁﬁpﬁmmTW@D@v§¥é%mW@GGWNay

cal cul at e t he mquiPapanpeof ohiaskeregmsats. fvddifya forcon@enerisantizn the MY faodveik) Sbipaier, t he
barrier |iner sehes aekefol &dhiots selicalittbrQiandReing @GRV AOREdRY! GRAT GLEN i Sti cs

r el at [ ng to c Qgﬁlﬁﬁﬁlc?’or anuﬂc! tt)cﬁ) {n% QODQ(Q S}Istth?ls m iﬁ 919 gﬂﬁsnafctm)%tﬁ&t%:m% 91? it The
system 300 may, . ect

er
charact eristic Sn r%]? eal Lg:on a scrg) 10 a’&éte {he actlon ?mt 1s. r?%mre(?bg the 4 xp %esg F%‘B%lﬁesgfl asr%a oﬁﬁiyl ons to
det er ni ne chaﬁﬁ%ﬂﬁ? @fﬁ@@mWP%aﬁ@@?@%ﬂﬁ@ﬁﬁ“Pﬁﬁ%ﬁﬁ%ﬂ%?s?@?ﬁ%ﬂ“ﬁﬁmvﬁéﬂm“
sem conduct or scrigkfag peqprsSsighiftag phetion D) develdiiment ¢fia bairat Hysiame dhe poivRleaotiehitst | CS
nay rel at et o peshtidéntiakanps ippléndhthtitanasbRihdtirksrdtwitkie | nt er connect

| ocations fornmed OfyeblRuSCRBSAMIUGHAL MRS £ 1&15&% only, Q%e%&l&rﬁa;?’ Qeomotdﬁ%n
det erm nes \Aheaglm?rctlcgdhx?dl&epentabg h@*)alen?gnang gpargntt %Qho lglf;g IB]E%L ha\glpg%e%f fg ' % tl? tics of

i nt er connect ogal tlonng& e
predeternlned SeCESEEn FQW@@’BW”PEF@Pﬁﬁ@@”kﬂﬁﬂ%%“TT@ﬁ?”“?ﬁwﬁg?ﬁﬁﬁ§e to
t he determ nat‘i‘hérﬁhaf fidescrippidn thpims deleve rlf isthireioss eyjflenttipttherpayidulaicepbidiprs diselesedwi t hi n
a predet er A netiove maygpe aligfed projodifi@madenll sich eerigips tae RInSGHd @it thesbkPSand RiirD6fES|I Ng  Of
t he sem condu Ciiw&ﬂ:ion\lﬂ&c&ﬂiﬁglylt%m@e&ioﬁ)ﬁi&hﬁhgr&g) as Yt b @ife cﬁi-lnglﬂio‘fv.i cant nodification
or alteration to the process. 15 Upon a determ nation that the actual
and/ or predicted characteristics of the interconnect |ocations are outside
an acceptable range, a control nodification is inplenented to change the
i nterconnect characteristics (block 1150). This control adjustnment may
i nclude adjusting the ILD | ayer thickness, the PMD | ayer characteristics,
the barrier layer thickness, the barrier |iner characteristics, trench
characteristics, and the like. The sub-controllers 350 receive data from
the interconnect control unit 360, which nmay be used to influence 20
process steps perfornmed on the sem conductor wafers 105 to affect the
characteristics of the interconnect |ocations. The conpletion of the steps
described in Figure 11 substantially produce the process of performng the
i npl ementation of the interconnect characteristic control process described
in block 1060 of Figure 10. Utilizing enbodi nents of the present invention,
control adjustnents to affect characteristics of interconnect |ocations
may be perforned to increase the accuracy of the operation of devices
formed in the 25 processing of sem conductor wafers 105. Process control
techni ques nay be used to affect subtle characteristics of interconnect
| ocations forned on the sem conductor wafers 105, thereby inproving the
performance of devices manufactured fromthe sem conductor wafers 105. The
principles taught by the present invention can be inplenented in an
Advanced Process Control
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(APC) Franmework, such as a Catalyst systemoffered by KLA Tencor, Inc. The
Cat al yst system uses 30 Sem conductor Equi prment and Materials
International (SEM) Conputer Integrated Manufacturing (CIM Franmework
conpliant systemtechnol ogies, and is based on the Advanced fg m§?® Cont r ol
(APC) Framework. CIM (SEM E81-0699 - Provisional Specificati |'Z M
Framewor k Donai n Architecture) and M%EM E93-0999 - Provi sional

Speci fication flor ClAvhddrodivemprisiogAdvanced Process Control Conponent)

speci fications @x%o‘?mﬂé’?ﬂnjo& Qéteﬁ}f;ﬁ)inlaa'mkgieéer om SEM . The APC framework is a
preferred pl atfpormfrom ichto 35 I nplement the control strategy taught
by the present ¥agmpyfpctuying data rrlatingp gjinfeecprnect logatian onpseid pekpigsiii"f can be a
factory-w de so@bdfomming asiytsicainct tHarcaisae @ntrdl PRcOBated QponShid MbrRgc@sngidarght by

t he present inventi i to virtuallv any of the sem conductor
manuf act uri ng tool S%%%Qr?%g%?eg%?%%;ter?s ﬁ%oc?n.tm PlrgceXP@éf’ ra %tfctlymgéil grcg)1 "3l | ows
for renote access an¢latigieiasprduigpstskiated witlpsaisdriereonprst ipeatiqpepn eaid werkpiech tor nor e,
by utilizing the APGontol AKRYWKr#tic rél@ting toShid irk@@nfedtockOnNOr € conveni ent, nore
flexible, and | ess expensive than |ocal drives. The APC -9 2 9 MAR 2007 WO
2004/ 032225 PCT/ US2003/ 029340 franmework allows for nore sophisticated
types 10f contr@ becamsind) dompishigi des a significant anmount of flexibility

in witing the . Depl oynent of the control strategy
taught by the ?@g@ﬁ??fyrﬁc\?%% P n;'grvlvt%g(g't%ﬁ’e APC framework could require a
nunber of sof t weauising vaniactering data relpting delant intoonnest lo@tigyen erid workgigctiaml t he APC
framework, a CQERIhRE an MteREinkd? thataSteriMid Ldhdl pfdddss BRGRPAY sath REnELANKLAUCT Or
manuf acturing tools rnvolved in the control system Wen a sem conduct or
manuf act uri ng t ool iSAd {offEropnse chagpterisiis sanel jprocest comprsing cantiolfiwe ablpstr@Uct or
manuf ast uri ng fab, idbarig@aerpactsy, aGaldiefectHPHboed, MALD PlocetsPantl Bikhidksitie action
that is required by the process controller, such as the overla .

control ler. The contfr&Ps ARAS IS 2 SFEIR ASRie W“ﬁé?‘?d’aﬁma% lﬁ@f‘?%?'?@?id in

t hese scripts. The devigleaporemtrol@ichdrdaerdstic reldng yp bal isterongooripdaticne a si gni fi cant
portion of the devel opment of a control system The principles taught by
the 10 present invention can be inplenmented i nto other types of

manuf act uri ng f¥ amewde Kaethodog clgis 1 i & LA arhewsimnseprmingt 8id irecess g Pab 6BE ar e

i |1 ustaoat i woekpieods YurthéothftBesipa¥dmiing il pidtyss Bep uposlh fem@Bndud@stavafef.act i ced in

di fferent but equival ent manners apparent to those skilled in the art

havi ng the benefit of the teachings herein. Furthernore, no limtations
are intended t ot he Thetmsitiod obfclaimp As wharein ipenfrroing derypagss streruppm aswaskmiece ot her
than as degmpristetmiitk ah herohRitMRatlRE bW -saill femlicdndubtsvakpr € evident that the
particul ar enbodi nents di scl osed 15 above nmay be altered or nodified and
all such variations are considered within the scope and spirit of the

i nvent3son. Accofdi nglhg, mdthvd qfr ddire c4, | vdrereS10 fogrhihg e rigerconhgt dgatpetupborssih i n t he
clai ms bel @orad@or dafdr %B’ls%solggnmg%d}ﬁm S]did séhi&ﬁhtlg)gwafgtpnp“ sl ng. per f ormng
a process step upon a workpiece; acquiring nmanufacturing data relating to
an i nterconnect |ocation on said workpiece; and 5 perform ng an

i nt erconnect char act Hiei Béthod OdMith0d, Ve foSmiB@ e dntetp@Recs adcatiobupdii aaill Ur i ng
dat a,

semiconductor wafer comprises forming a contact region upon said semiconductor wafer.

30
7. The method of claim 1 or 2, wherein acquiring manufacturing data relating to said
interconnect location on said workpiece further comprises acquiring wafer electrical test data relating
to said processed semiconductor wafer.
35 8. The method of claim 1 or 2, wherein performing an interconnect characteristic

control process further comprises controlling at least one of a barrier layer process, a inner-layer

dielectric (ILD) layer process, pre-metal dielectric (PMD) process, and a metal deposition process.

9. The method of claim 1 or 2, wherein performing an interconnect characteristic

40  control process further comprises modifying a resistivity of said interconnect location.
-11-



said interconnect characteristic control process conprising controlling a
process relating to a structure associated with said interconnect |ocation
on said workpiece to control a characteristic relating to sa'kg

i nterconnect location. 10 2. A nethod, conprising: performng Mﬁ%@@ss
step upon a workpiece; acquiring nmanufacturing data relati nlg,to an,

i nterconnect | &%at i dA° JKthedyoh ckigy Rpivhedn agguiing mepulasiurinenditaaRiaiingt ©r Ridnnect
char act er iifidrdofine& Qhtiof on RiidCRIGTcdYaBRECOMPABs Hiuirthg MRAIS Gdlddhd 0 FaidlRbassed Sai d
interconnect characteristic cont rol process conprising controlling at | east
one of 15°A Barfrer eir‘ayer process, a pre-dielectric process, an ILD
process, and a netal deposition process relating to a structure associ ated
with sgid interconn [ e e [ .cont ral. .

char ac?1 eristic 1?’el af[‘lﬁ %th?%péfgﬁgn ?%f 2’?%%%%%@8?%? ?f%cﬁl.nggs@Efﬁieun%& ﬁlgd of

clai m 1 ofntepconigpidecation op s3id werkitiese) fusther comprisss ecguiring wqfer elpntrisal desi ddta refagingiior kpi eces
further coidfbees s8Rl RderSai d process step upon a sen conductor wafer.
4. The method of claim3, wherein perform ng a process step upon a

wor kpi ece conprises formng an interconnect |ocation upon said

sem conduct or waf er A @&hdd, cohpsinget hod of claim 4, wherein form ng an

i nter ggnnect | r%;niﬁgna U] oglsstseaiudona%%%i ico_nductor waf er conprises formng a
via upon said sem co guctor et er. 6P Ffhe method of claim4, wherein

form ng an i nt emeigpgmetologpdatarélding tpo intaenekct leratvn e sl wdripiecenafier conpri ses
for mng a cont %S'Forlﬁiﬁghrpﬂte}ém&t aﬁfagerﬁmowg}d&gsq{aswoﬁrsaid _ﬁlngo y I&J&? _sariH:"t hod of
claim1l or 2, wherein acquiring manufacturing data relating to said

i nt erconnect | ocat i dHereNAnesasharadigftic FOREok PROEESY foEpPrideenisniodling ahlkeastiord of waf er

el ectrical test dat darielierd faghess!préddiddiib pRESS SN DSHEES REM mbdRdepdtiey . 35 8.
The method of claim1l or wher.ei n rﬁerfor m.ng an interconnect

2 . .
charadferistic cont?f8Fs [9AHeLaEsiyANrsHaline (o] eleneet (96RO | i ng at | east one

of a barrier layer process, a inner-layer dielectric (ILD) |ayer process,
pre-nmetal dielegtri P rocess, and a. netal . deposition process. 9. The
et hod of ol ai vt or ™ ek R B w80 BB IRROS Lon B BICRSER 0. [
40 cont r olfurfhersemprisesipenfarhiog saidamysess stepsuppaliefmcomigeter walesi stivity of said

i nterconnect location. -11 2 9 MAR 2007 10. The nethod of claim 3, wherein
acquirjng manufacturjng data relating to said interconnect |ocation on said
wor kpiZdce furt Hér chrﬁgtFrE’ & PRI IHREFOPRSE I PIRERFeSPiBF- at i ng to sai d processed
sem conducIHARAGIERIZEDINTHATThe net hod of claim 1l or 2, wherein acquiring
manuf act urd;pg GatandSh@at i N9 to said interconnect |ocation on said

wor kpi ece further conprises acquiring wafer electrical test data relating
to said procedPEgessphiceidhRIectdrotkarEiand12. A net hod, conpri sing: |

a process controller operatively coupled to said processing tool, said process controller to

25 perform an interconnect characteristic control process based upon manufacturing data
relating to said workpiece, said interconnect characteristic control process
comprising controlling a process relating to a structure associated with an
interconnect location on said workpiece to control a characteristic relating to said

interconnect location.

30
15. An apparatus, comprising:
means for performing a process stop upon a workpiece;
means for acquiring manufacturing data relating to an interconnect location on said workpiece;
and
35 means for performing an interconnect characteristic control process based upon said

manufacturing data, said interconnect characteristic control process comprising

controlling at least one of a barrier layer process, a pre-dielectric process, an ILD

process, and a metal deposition process relating to ba structure associated with said

interconnect location on said workpiece to control a characteristic relating to said
-12-



10 perform ng a process step upon a workpi ece; acquiring netrol ogy data
relating to an interconnect |ocation on said workpiece; and performng an
i nt erconnect characteristic control process based upon said netrol ogy data,
said interconnect characteristic control process conprising ¢8MaRqldyi ng at
| east one of a barrier |ayer process, a pre-dielectric process, an ILD
process, end a net af"TEPBEIIRBA 15 process to affect a resistance relating
to said interconnect |ocation. 13. The method of claim 12, wherein
perform ng sai 6.Pr 0Gess, step Lpon sai d workpi ece further conprises
perform ng sai d process Ste Up%n a sem conductor wafer. 20 14. A system
for perform ngapmtessingdovh airockse v @brkpiecees si ng, CHARACTERI ZED | N THAT, sai d

systemyconpri si,BQc.. o |98y Ld PREESS I KRLE&Es a process
cont 101 1 or oper BTyl aubr ey o el o dedared. MRl Eafp @y

Ipl ed 1o Said processing tool, said process
controller to 25 p&iost # inErcmecbsharentrgieconsmlnrosest basedyppromansfpcturias dar ocess
based upon manuf act widildiodad Rorkpi&k, i MBrobriect Hab et PALRE Stocest Rbrfbrising

i nterconnect characteristic contrqgl process conprising controlling a
process relating to°deipgatias anepl a Becties faysy Prpetsye Mprdielyee@roeshARLL | ocati on
on sai d workpi ece t @rocesd)tidalmetal dep@Itias proteksSélating foal sthduddasfotiatedswith an

I nter qgnneCt | ocati c1)ane§r :r:)rpectjlc?chtioﬁr(])n Esa'a?cp a({r t1el(:|e:stb co%gcq%rcil Sictglgs:tic H:E\%p Sto ga?c{
perforning a process stop upon a workprece, “HEans Tor acqur 15 ng
manuf act uri ng dat a indr@piertdocatnan i nt er connect | ocati on on said workpi ece;
and 35 nmeans for perform ng an interconnect characteristic control process
based upon said_ manufacturing data, said interconnect characteristic
control procesd”conpghs ¥ptem of dayntl$.oTherein gridavorkniesesis a gprndcopducter Welr-ri er | ayer
process, a pre-dielectric process, an ILD process, and a netal deposition
proce%g relatigg to g struc{ re assocjiated with said interconnect |ocation
on sai'd workpi ete t S EHHNETP Gl clam dfravhgein &3id nfereqnnectlocafipnfgmprisesat fegst onesf 5 9 \pR
2007 i nt ecemarwedcivid.ocati on. 16. A system conprising: a processing tool to
process a workpiece; and 5 a process controller operatively coupled to said
processing tool, said process controller to performan interconnect

char act eri sti c 18ont rTb¢ sypem obdam 8. sderein sadhprocess odngelerisicapgbleleftcentrorae| at i ng to
sai d wor kpiR&8w o @lanilhREGoAARCt characteristic control process conprising
controlling at "l east one of a barrier |ayer process, a pre-dielectric
procedd, an ILD

20. The system of claim 16, wherein said process controller is capable of control at least

one of barrier layer process, an inner-layer dielectric (ILD) layer process, pre-metal dielectric (PMD)

process, and a metal deposition process.

25 21. The system of claim 16, further comprising:
a metrology tool operatively coupled to said process controller and to said processing tool, said
metrology tool to acquire metrology data relating to said processed workpiece;
a wafer electrical test unit operatively coupled to said process controller, said wafer electrical
test unit to acquire electrical test data relating to said interconnect location; and
30 an interconnect control unit operatively coupled to said process controller, said interconnect
control unit to caiculate adjustments to a process performed by said processing tool in

response to at least one of said metrology tool and said electrical test data.

22. The system of claim 21, further comprising at least one sub-controller operatively
35 coupled to said process controller, said sub-controller to implement control of a process performed by
said processing tool in response to a predetermined interconnect characteristic provided by said process

controller.
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process, and a netal deposition process relating to a structure associ ated
with an 10 interconnect |ocation on said workpiece to control a
characteristic relating to said interconnect |ocation. 17. Z'sl'sjﬁ%}zsym]em of
claim 16, wherein said workpiece is a sem conductor wafer. 1 . e
system of claim 16, wherein_ said interconnect |ocation conprises at |east
one of a contdct arid® YsERaf clajm 21 farthersomprisife 3 flatabpsg PH§ te gtore kAt lepsh oneaj d
process conétldgetatd 25d QiapRiial @td@ontrol a resistivity of said

i nterconnect | ocation. 20 20. The system of claim 16, wherein said process
controller is capable of control at |east one of barrier |ayer process, an
i nner -1 ayer di éhect rAngpgataub))comprising: pr ocess, pre-netal dielectric (PMD)
procesg, and a TRkR ok A f..claim 16,
furt he(r§ conpri sai ng: L?q%egl?lfdg%!ggey% %ﬁggo&réglt%%1?11&}%&%%§g§?390§e§?,8%%r ocess
controller and to salelctyis ReessindiDirspss, ag ajmgtal depopifien Roegsss tebbing tbe acqui re
netrol ogy data rel atsritghrd dso8iatbddviflaR FRSDRHc MREHOR biES RorkecVVBf @hurdlng Gt i cal
test unit operati vel(\g coupl ed to said process controller, said wafer

d
el ectrical test uniF*FErisgeslainedo didkintrcepet lopidt data relating to said
i nterconnect | ocation; and 30 an interconnect control unit operatively
coupl to said.process contraoller, said interconnect. contraql unit to
cal cuﬁgt e adj ugt5 'man'flgl © grpargus of g‘%‘%’?&’ Vﬁ%r’-ef“osflﬂévafiﬁv ?e?isamf)(?"g‘{?t&ﬁ?‘ﬁg tool in
response to at |l east one of said nmetrology tool and said electrical test
data. 22. The SQX.St eni‘hgzlpp%tﬁ’sl JFEI%;]W 24]: ?&’ﬂeﬁ‘ esraidgn%@ﬁﬂegt'l&zgio@&onl ﬁ§e§ Lt I%E[%ne .
sub-control |l er operatively 35 coupled to sald process contr ol er, said
sub- cont r &f f €t2¢t@nd ki enent control of a process perforned by said
processing tool in response to a predeterm ned interconnect characteristic
pr ovi qu by saig process controller. -13 2 9 MAR 2007 23. The system of
clai m21, furtHér cd’rp?f)?ﬁpg’?t}‘FgOfﬁla‘H‘a?t‘saB%%“é“ i iprocesgroutfolfgrds @pgplgotpontfobast one  of
met r ol ogy rekativityain shidimercbnedeaiodationcal test data. 24. An apparatus, conprising:
5 a process controller operatively adapted to control at |east one of a
barrier layer process, a pre- dielectric process, and |ILD process, an a
met al depositi &8 pr ddhespparatey i tlhimP4t whezein sid procsurosroligsompabke etconrd it an
i nterconn j ' C ' r istic
ol ating tas e AoAR 19 ot e ke S Rl st RRARELAL 51 7
wher eiZ] s 4PMDWespeessi 8¢ emptal depogiiignREeseituct or waf er. 26. The apparatus of claim
24, wherein said interconnect |ocation conprises at |east one of a contact
and a via. 15 (2;2;" Th@ apparatus, of claim 26, wherein said process
controller is pabl edfp tBSrﬁf f:léqm 251, further comprising: a metrology tool operatively coupled

to said process controller and to said processing tool, said metrology tool to acquire metrology data

relating to said processed workpiece; a wafer electrical test unit operatively coupled to said process
25 controller, said wafer electrical test unit to acquire electrical test data relating to said interconnect

location; and an interconnect control unit operatively coupled to said process controller, said

interconnect control unit to calculate adjustments to a process performed by said processing tool in

response to at least one of said metrology tool and said electrical test data.

30 30. The apparatus of claim 27, further comprising at least one sub-controller operatively
coupled to said process controller, said sub-controller to implement control of a process performed by
said processing tool in response to a predetermined interconnect characteristic provided by said process

controller.

35 31. A computer readable program storage device encoded with instructions that, when
executed by a computer, performs a method, comprising:
performing a process step upon a workpiece;

acquiring manufacturing data relating to an interconnect location on said workpiece; and
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resistivity of said interconnect |ocation. 28. The apparatus of claim 24,
wherein said process controller is capable of control at |east one of a
barrier layer process, an inner-layer dielectric (ILD) |ayer grocess,
pre-netal dielectric 20 (PI\/D) process, and a netal depositibhMaR difess. 29.
The appar at us of cl.a r co a netrol 00l qgperatively
coupled to saft °5"'%%‘§%er€°6‘ﬂ?°f' %‘f’"la%?‘"sg‘h “‘f"iprg%f’s&’asﬁ? %’&aé‘f’ﬂé’ {aff?ﬂ‘“g da%; g
metrol ogy tool to aeaflinteconsttr dhhmesristat@trolr grbadsi cagpristng Santohllipg acwsssd

wor kpi ece; a waf er  @hied b aGRlonfEslocinal mpsq@ru@éreomwoc%um%Jv&kp%ém process
25 controller, said wafer electrical test unit to acquire electrical test

data relating to safU"PiBI¥hHrsctating pead infsrronnget dpcatiqn-i nt er connect cont r ol
unit operatively coupled to said process controller, sald |nterconnect
control unit tq,cal ystnents to a C b

processi ng tooi32 Sa‘r 8'3 er eadafepm%m?%t%'g d%"rlleenc??f“?m nsn%‘i tgat vM’f’ool and
said el ecvwwwyamut@ap@"OTHBQ nRtod, Toreprigippar at us of claim 27 furt her
conprising at k@ggﬁln%ﬁg%ﬁy%m%hﬁ&eoperat| vely coupled to said process
controller, said sub-controller to inplenment control of a process perforned
by said proced¥rifgs nagsenrine fassplefing & andnteroqapesidesption on ridivarkpices: e¥nnect

charagberi sti C pgfofivihkAAntERyonfiedi HarRicAGR SSntrolGfRddtsk Pdsdd@Pon sA® mankfactlving @R UL er
readabl e program st t(garé,(fge devi ﬁ encoded with instructions that, when

executed by a conpufd Mersnchtharetenstc coproliprocess semparisipgepnralinemblesst 4595 process
step upon a wor kpi e@®éarrid gt ipfobedq a piidislea@id pridckss@n L at fRockse,| aad 4 AEal dpoditibn

I nterconnect |ocati ?ch?&egﬂntg(éo X\Qrul&?rlegg&iateg c!hsaxd uﬂerco ectIYARlon on07d perform ng
an interconnect character ic co T OBrocese pased upon sal W

manuf act uri ng dat a, WOé(&Mtqm@@ednn@gtstlmlamImGQ@Idumrmnmﬁoml process
conprijging controlling a process relating to a structure associated with
said interconnect |ocation on said workpiece to control a characteristic
relating to saidd i ntl&y CERYErddPpls preeRy [torage dgvice epcodedy with ipgructioppidid b s pr ogr am
stor a?e dexeb&}a b$ B Csnghaer, %Mﬁﬁ)ﬁnﬂtﬁbﬁﬁd’tﬂé_ﬁbﬂmﬁ m%em mgeéxl@g,u&esqtep%dp@

conput er, rforms met hod, conpri sin per f or m rocess step upon a
wor kpi ece;sg‘g‘c‘f‘afﬁ'ef’f frqgl’eﬁ‘é’ﬁ'ﬂ?sé%‘feﬂf?r% YD PECeHSIeRPRORG S "t“gcoé‘f‘l‘c‘f” ‘connect

| ocation on said workpiece; and 10 performng an |nterconnect

char aCZE)e“ stic gont r’[ﬂé COer 9tgr§§a§ab??§o§gmu8ra edsev1ce encr&?‘ed w1th 1nstrli|1£t%on9thq l?éh sai d

i nt erconnect charact eristic con rOCESS conprising T’Ilng at | east
one of  a ckaytedibep cmppisr, pesiotsesdhegmetipd pfrqi,wrd Bb|whertin pfmfomuz@sé er,ocemteb uPnpr ocess,
and a met aJorkgﬁ&Q&hﬁriséQ@oerrg%ﬁ&ﬁzoﬂn@& ﬁ)uuegu,;og sdt sehichfilich Ga@SSOCi ated with
said interconnect location on said kpi ece to control a characteristic
relating to said interconnect |ocati on 15 33. The conputer readable

progr am st or agesdeViTaecoapeedegbldiptoaranRGlabd tetiteR@ddell RAR instO®Is that, when

25 executed by a computer, performs the method of claim 34, wherein forming an interconnect location

upon said semiconductor wafer comprises forming a via upon said semiconductor wafer.

36. The computer readable program storage device encoded with instructions that, when
executed by a computer, performs the method of claim 34, wherein forming said interconnect location

30 upon said semiconductor wafer comprises forming a contact region upon said semiconductor wafer.

37. The computer readable program storage device encoded with instructions that, when
executed by a computer, performs the method of claim 33, wherein acquiring manufacturing data
relating to said interconnect location on said workpiece further comprises acquiring metrology relating

35 to said processed semiconductor wafer.

38. The computer readable program storage device encoded with instructions that, when

executed by a computer, performs the method of claim 32, wherein aoquiring manufacturing data
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executed by a conputer, perforns the nethod of claim 32, wherein performng
sai d process step upon said workpiece further conprises performng said
process step upon a sem conductor wafer. 20 34. The conputer readable
program st orage devi ce encoded with instructions that, whenZ3d¥&dlifed by a

comput er, rforns. the nethod of claim 33, wherein performng said process
step upon réza%"%Fﬁﬁ“@%‘é"“&c&hﬁ“?’é‘é‘h”?é?ﬁ?‘ﬁﬁ%‘ﬁﬁeﬁc?ﬁpé‘ﬁé6 P\‘E'(‘,gtw‘ifeéﬁl%ﬂ“ﬂ f'upon sai d
sem conduditorelating fieesaid pRbessed kemicondwaortverter.r eadabl e program st orage devi ce
encoded with instructions that, when 25 executed by a conputer, perforns

t he met hod of claim 34, wherein formng an interconnect |ocation upon said
sem conduct or &f er Therempiteraendable progmey starage davieg pesnded withtingmetiopothaldenr  waf er .
36. The ComMe)a &%d@pb&fomsw@mo&Bmaag@,%&a&ﬁem&@%&lm%medtnstructl ons
that, when executed by a conputer, perforns the nethod of claim 34,

wher ei n f GPARFFISOPE! PRteey g rapprienrontallig at Ige capnefis b dye@rcesAtiuct or

waf er Connkrager dieREt? (MOD)ayEXPRIcS, prelrRhl @flectHl MIS)Frddess RY LRl ipbsitfon Waf er . 37.
The conputer readabl e program storage device encoded with instructions
that, wheR*“@kecuted by a conputer, perforns the nethod of clai m 33,
wherein acquiring nmanufacturing data relating to said interconnect

| ocati;gn on sai,d workpi f L Ses. acaulring netrol relating
35 tolgai d procéztg'sse(]Jﬁ g%ﬁlﬁggrﬁ%a%{aglﬁog%gg{a%eﬁvfee eed v(‘:%hn%ﬁ{ugt?onsr%%’g‘g 5l e pr ogram
st orage dé&¥rwa bgpeepatr pgrformsithegnathed of ciaim 32, iwherein perfermingexid interoonhedly a

conput er, cRekERiO@nkdd BrobBd hARr QhpGe@leMbritre MMRBiR 12 ResREGY o LRGndBRMEACT Uri Ng
data -15 2 9 MAR 2007 relating to said interconnect |oCation on said

wor kpi ece 9@oPher conprises acquiring wafer electrical test data relating
to said processed sem conductor water. 39. The conputer readabl e program
storage device encoded with instructions that, when 5 executed by a
conputer, perforns the nethod of claim 32, wherein performng said

i nterconnect characteristic control process further conprises controlling
at least one of a barrier |layer process, an inner-layer dielectric (ILD)

| ayer process, pre-netal dielectric (PVMD) process, and a netal deposition
process. 10 40. The conputer readabl e program storage device encoded with
instructions that, when executed by a conputer, perforns the nethod of
claim 32, wherein performng said interconnect characteristic control
process further conprises performng nodifying a resistivity of said

i nterconnect |ocation. -16
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