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35  The machine interface can generally be part of an advanced process control (APC) system. The APC system

initiates a control script based upon a manufacturing model, which can be a software program that automatically
retrieves the data needed to execute a manufacturing process. Often, semiconductor devices are staged through

multiple manufacturing tools for multiple processes, generating data relating to the quality of the processed
semiconductor devices.
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The present invention is directed to overcoming, or at least reducing the effects of, one or more of the
problems set forth above.
DISCLOSURE OF INVENTION
One aspect of the present invention is seen in a method that includes performing at least one process

40  for forming a feature of a semiconductor device in accordance with an operating recipe. An elecirical
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MODE(S) FOR CARRYING OUT THE INVENTION

" Illustrative embodiments of the invention are described below. In the interest of clarity, not all features
30 of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers” specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of

35  ordinary skill in the art having the benefit of this disclosure.

Referring to Figure 1, a simplified block diagram of an illusrative manufacturing system 10 is
provided. In the illustrated embodiment, the manufacturing system 10 is adapted to fabricate semiconductor
devices. Although the invention is described as it may be implemented in a semiconductor fabrication facility,
the invention is not so limited and may be applied to other manufacturing environments. The techmiques

40  described herein may be applied to a variety of workpieces or manufactured items, including, but not limited to,
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35  "caleulating” or "determining"” or "displaying" or the like, refer to the action and processes of a computer

Ur

system, or similar electronic computing device, that manipulates and transforms data represented as physical,
electronic quantities within the computer system's registers and memories into other data similarly represented
as physical quantities within the computer system memories or registers or other such information storage,

transmission or display devices.



25 descriptions and representations are the ones by which those of ordinary
skill in the art effectively convey the substance of their work to others
of ordinary skill in the art. An algorithm as the termis used here, and
as it is wused generally, is conceived to be a self-consistent sequence of
steps leading to a desired result. The steps are those requiring physical
mani pul ati ons of physical quantities. Usually, though not necessarily,

these quantities take the formof optical, electrical, !3rMifel§blketic signal s
capabl e of being stored, transferred, conbined, 30 conpared and ot herw se
mani pul at ed. |wohasopprzoven conveni ent at times, principat/tsgedomorreasons of
common usage, to refer to these signals as bits, val ues, elenents
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35  opening increases, the contact resistance of the completed contact decreases. ]

The process tool 210 is a deposition tool 210 configured to line the contact opening 300. As seen in
Figure 3B, the deposition tool 210 forms a barrier Iayer 330 (e.g., titanium, tantalum, tantalum nitride, titanium
nitride, or some combination of these) to line the contact opening 300 and a seed layer 340 (e.g., copper for a
copper fill or polysilicon for a tungsten fill) over the barrier layer 330. The barrier layer 330 helps to reduce

40  electromigration of the material used to fill the contract opening 300 (e.g., copper) into the insulative layer 310.

5



associated with a contact feature, however, the application of the
invention is not so limted, as it may be applied to other electrical

per formance paraneters. Al though the various entities depicted in Figure 1
are shown as being separate, one or nore of themmy be integrated into a
single unit. Referring nowto Figure 2, a sinplified block diagramof a
portion of the manufacturing system 10 of 25 Figure 1 ig p@%vi[]@ed. Process
tools 200, 210, 220, 230 (e.g., selected formthe tools (g )=“pr ocesses
wafers 240 to form contact openings thereon. Each process tool 200, 210,
220, 230 i npl ewendosozans operati ng reci pe. The functi onscoisd@ednol s 200,
210, 220, 230 in formng contacts are described in reference to Figures 3A
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ecirical performance parameter to a target value for the electrical
performance parameter. The particular control scenario depends on the particular type of process tool 30-80
being controlled.

The feedback data collected by the metrology tool 250 may be used to update the control model(s)
employed by the electrical parameter controller 140. Other feedback data collected by other metrology tools
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conposition, tenperature, etc., effect the ambunt of material renoved. If a
portion 360 of the conductive layer 350 within the contact opening 300 is
renoved (i.e., a phenonenon referred to as dishing), the contact

resistance is increased. The manufacturing system 10 further includes a
metrol ogy tool 250 configured to neasure an electrical 20 performance
paraneter of a feature fornmed on the wafer 240. In the ilt strat ed

enbodi ment, the nmetrology tool 250 is configured to neas y &A% W7 cont act
resi stance of the conpleted contact 370 (shown in Figure 3D). The
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(e.g., contact resistance) to the electrical paraneter controller 140. As
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device is performed in accordance with an operating recipe. In block 510, an electrical performance
characteristic of the feature is measured. In block 520, the measured electrical performance characteristic is

35 compared to a target value for the electrical performance characteristic. In block 530, at least one parameter of
the operating recipe is determined based on the comparison.

Because the electrical parameter controller 140 interfaces with one or more of the process tools 200,
210, 220, 230 used to form the contacts 370, it may control the process at the module level (i.e., the contact
370), as opposed to the feature level. In other wotds, the electrical parameter controller 140 directly controls



140 coul d coordinate its control actions with that of one of the process
controllers 202, 212, 222, 232 based on the neasured contact resistance

f eedback. For exanple, in one enbodi nent, the electrical paraneter
controller 140 may provide an offset to the base target val ue enpl oyed by
the process controller 202, 212, 222, 232. In 15 another enbodi nent, the
el ectrical paraneter controller 140 may provi de an of f set ?gp{he base
operating reci pe paraneter determ ned by the process contfal A82007
202,212, 222,232. For the operating paraneter adjustnent case, if the
measur ed cont awb 20eskri ance were too high, the el ectrircabs2pananEt 1
controller 140 could add an offset to the base etch tine determ ned by the
brocess cont r oh sa et Bf¥nck OYcbdd . ithilha 0R) vt D0d Rk UK BASE oleGicShAGn B L DO
cont act openln % d g ing a decrease in ntac resi stance
for subsequent gﬁﬁ TP &P B Fff*anot her i npl ement ati on enpl oyi ng
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parameters to aff@ats &eéa@oe@mwgms Bl ﬂ@qhe,&grgmgn& 8 RN ebRLEARALEd for

the other opergtin ra IS that affect the ntact resl stance
(Le., or other. con rolﬁw% %@ ‘nggr?%g ey ?ﬁ%%ﬂ%@mmﬁga%%? Sm%§§é

descri bed abov@WFB?‘?%@mﬁhﬁf%%%mﬁﬁﬁ%€§§nf6&$§Wﬁﬂﬁ?dm2¥8bw220 230 Exenpl ary
el ectrical performance characteristics that may be controlled for a

transi stor device include polysilicon sheet resistance or gate voltage.
The processes that nay be controll ed based on the electrical performance
measur enent feedback include inplantation, etching to define gate w dth,
silicide formation, deposition for gate stack |ayer thicknesses and nakeup
(e.g., polysilicon dopants). 30 Turning nowto Figure 5 a sinplified flow
di agram of a nethod for controlling a fabrication process based on a
measured el ectrical performance characteristic in accordance with anot her
illustrative enbodi nent of the present invention is shown. In block 500,

at | east one process for formng a feature of a sem conductor device is
perforned in accordance with an operating recipe. In block 510, an

el ectrical performance characteristic of the feature is nmeasured. In block
520, the measured electrical performance characteristic is 35 conpared to a
target value for the electrical performance characteristic. In block 530,

at | east one paranmeter of the operating recipe is determ ned based on the
conpari son. Because the electrical paranmeter controller 140 interfaces with
one or nore of the process tools 200, 210, 220, 230 used to formthe
contacts 370, it may control the process at the nodule level (i.e., the
contact 370), as opposed to the feature level. In other words, the

el ectrical paraneter controller 140 directly controls -7 2 9 MAR 2007 WD
2004/ 032224 PCT/ US2003/ 029037 the contact resistance. Variations introduced
in the various processing steps may be accounted for wi thout inposing a
drift fromthe desirned contact resistance values. The particular

enbodi ments di scl osed above are illustrative only, as the invention may be
nodified and practiced in different but equival ent manners apparent to
those skilled in the art having the benefit of the 5 teachings herein.
Furthernore, no limtations are intended to the details of construction or
design herein shown, other than as described in the clains below It is
therefore evident that the particular enbodi nents discl osed above nmay be
altered or nodified and all such variations are considered within the scope
and spirit of the



i nvention. Accordingly, the protection sought herein is as set forth in the
clains below -8 2 9 MAR 2007 CLAIMS 1. A nmethod, conprising: performng
at | east one process for formng a feature of a sem conductor device in
accordance 5 with an operating recipe; mnmeasuring an electriggmﬁpqmyornance
characteristic of the feature; conparing the neasured electrica
performance characteristic to a targe‘f MSue for the electrical
performance characteristic; and determ ning at | east one paraneter of the
operating recipe basgqR LAGisa@mrari son. 10 2. The method of claim 1,
further conprising: pertformng lurality of processes to formthe
feature, each PFrEBEs atiens 9ag p@?ﬁ%gvéfoammag foagirq ¢fe: semigonducins d@figsiih poserdaree | east
one operating par ansfitein &bratilgeecpper ati ng reci pes for a subset of the
plurality 15 of proc s.hased on.the ¢ ri.son. 3. The nethod of claim
1, further con%??§?ﬁ§?§§:g@@?ﬁ?ﬁ?ﬁad%mgggggggr3?%Fbr t he operating recipe
par amet er ; and coreratieg the mpasgedaglecticslperformance pharapleristic tpad terget yaluefr &a elepieical
conparison. 20 4. FhemBti@ga@disitadm 1, wherein the process has a base
target val ue a%sociated$mjth a Fh¥§ical characteristic of .the feature, and
the method fur CREPIESAFILOE PR e tPHE A FFoBt Padn 8 ST RE s e t ar get
val ue 1Ibased on the conparison; and determ ning the at |east one paraneter
of the operating reehpReRALIifA, Lt QADEsitAr 9t value and 25 the offset.
h I [

5. The method of claim?2, wherein the plurality of processes conprises a
process for f SFFATAE &PRBHY QEPOGHENP AY™ the Bafure. (fad)PELssy/ Raving 9 PPaHRSIEERS: dance
with a first operatiang reci pe, a process for formng a first process |ayer

lining the Contd?tgr;nin G ie&goﬂ.erlﬁﬁﬁﬁg ég%&eg low.hg tbe?atirig?r&?;ﬁ%fo?ggfbgett Lﬂge £l§r§ﬁ €, a

30 process for formng a seco g cess layer ov Irst process 1ayer
in acdérdance wi th &fPrRsesses base pathe sgPariseki pe, a process for forning a
conductive layer to substantially fill the contact opening in accordance
with a fourth3operalthl ng, r.e élgl%,el’%g}ge process for polishing the conductive

| ayer to renopvé a portion o conduet'i®® 1 ayer extending beyond the

cont act openi ngetermidrzadeg arlecfonthe dperatingirdciph paypestesitapdhg r eci pe, the neasured

el ectrical per fook mluttn 6RRI 8 M 84sk Sdilebadeditd HEdmpRHIR. | SES @ cont act _
resi stance of the contact, and 35 determ ning the at | east one operating

paranméter of the operating recipes for a subset of the plurality of
processes furtHer cdipmethebofthsine l nwinraigthaprot@akkt adae tpge ashet @socioked aith heast

0ne O -t NG SharacRARRYAne ol o nd AR @imbisld 0PI ali ng rec pes based
on the conparison. 6. The nmethod of claim1, erein the feature conprises

a contact. and YREFIINGH @ffs(ehtg the base target value based on the comparison; and
determining the at least one parameter of the operating recipe based on the base target value and

25 the offset.

5. The method of claim 2, wherein the plurality of processes comprises a process for
forming a contact opening in an insulative layer in accordance with a first operating recipe, a process for
forming a first process layer lining the contact opening in accordance with a second operating recipe, a

30 process for forming a second process layer over the first process layer in accordance with a third operating
recipe, a process for forming a conductive layer to substantially fill the contact opening in accordance with
a fourth operating recipe, and process for polishing the conductive layer to remove a portion of the
conductive layer extending beyond the contact opening in accordance with a fifth operating recipe, the
measured electrical performance characteristic further comprises a contact resistance of the contact, and
35  determining the at least one operating parameter of the operating recipes for a subset of the plurality of
processes further comprises determining at least one parameter of at least one of the first, second, third,

fourth, and fifth operating recipes based on the comparison.

6. The method of claim 1, wherein the feature comprises a contact, and measuring the

40  electrical performance characteristic further comprises measuring a contact resistance parameter.

-9-



40 el ectrical performance characteristic further conprises neasuring a
contact resistance paraneter. -9 2 9 MAR 2007 7. The nethod of claim1,
wherein the feature conprises a contact including a contact opening forned
in an insulative layer in accordance with a first operating gm% a first
-process layer lining the contact opening fornmed in accor da% q:‘

second operating recipe, a second process |layer fornmed over 5 the flrst
process |ayer i7n ac@bs cathaieofwildith 1a “thlaiemdheofaﬁﬁratzdmpgseﬁ @Cdomaxt ikhding acongduct i ve
| ayer sub i ClinQRe n| ng..f or med acco dance with
a fourth g%g{_ﬁg;fo%]%lx? ienClIL u%lﬁ%nla g agcglﬁan% v¥1th HE toe/e tug reci Ope,[ i!irg{ SS [a?g]er ang
conduct i vée IC@!%TOP@X@&W@ a@@y@wxme@mWMgwman@ondmrmtbyed@nmow th a
fifth operlhdproteRAlyRSn a@bhhnce Wi 2 RN uﬁy{e&&e&dgmﬁéﬁ% sERARANY Aifind

contact resistance of the contact as the electrical performance

char act er fh€epriact opepipeformabin @rcaianpe ¥ithap foyri ppsratiphscipsapdiolished togfmoxg 2 pastioa of one
of the fi iietcondsstiCORgr extdnilifigflbeydria kel dntad Bpehing tnMhccoRRRY Wik NG ERla@RSedpd B ON
t he conpar,i so&l ﬁ%%The net hod of claim1, wherein the feature conprises a
transi st of® SHE HICLOMPES t he el ectrical performance characteristic -
further co rrp ri m&uﬂgasmcngslmg&f the v@itabiag the pledrRalptriofmandeShdthctertiticyatdrod,

compr gl ng: Pl @ity fha G2BnRAF FLCHLPEACEIR A4 LOLTHAS Ao A
opening in an insu ive sem conduc devi ce 1A accordance
wi th an operating r@éﬁ%@gfﬁl@ﬁh@sﬁ@ﬂahwqmaa@p in the contact opening in
accordance wth the operating reci pe; 20 neasuri.ng a contact resistance
paranmeter of the contact; n’P ing the neasured contact resistance
parameter to tfe tar a%fﬂetb%ﬂ eyl fvh“ée“bB‘ﬁtf“éE“te CPIBRY{sest AatuEstory aldaARaTuERS theynd
det er mi ni REeoddal pe@ibincOdBracktistiad FurBbrbmprisé¥encRAARANRAE lolage pRbA&HR pPOVer
parangter, a pressure paraneter, and a gas concentration paraneter of the
operating recipe based on the 25 conparison. 10. A nmethod, conpri sing:
perform ng at [9%east Aomehoprcommm'mgfor form ng a feature of a sem conduct or
device in accorgdan I,PE r

conprises a co tacﬁﬁgw gﬁ\/\%e%c? per o?(r)ﬁrnﬁl mc §€enﬁ% "f eas f“l%géeﬁ%?gf:%ss
conpri ses perforni ngeraﬁonﬁl@@sdewmeaﬁ@ywwthemommmwsvefor formng a first

process |ayer iffimgaobHiaRGh tHe R&HHctPeritflih REsliahd with mb BkliRt bR, | ayer and a
second process |ayer over the first process layer in accordance with the

oper atzf)ng reci PREASREACORChIgSIsaneeFarmeter of Beraiecince parameter of the contact;
conparing the rbagtiietle GRRIraCoNHE fkiSthRé) ffanPRl © MR t@pet Aud fbethé n@elresik@hdde for
t he contact resistance 35 araneter; determning a ratio of thicknesses of
the first and second’m’?1 JTee | ayers based on the conparison; and

determ ni ng depbmnimnznattlpasesnef drant kteh dap @smihdtapNa Pragee pevef ararhdtee, 4 iprestreand

second process | ayerp%am&e?,e g’nd a gas concentration parameter of the operating recipe based on the

25 comparison.

10. A method, comprising:
performing at least one process for forming a feature of a semiconductor device in accordance with
an operating recipe, wherein the feature comprises a contact, and wherein performing the
30 at least one process comprises performing at least one deposition process for forming a
first process layer in a contact opening defined in an insulative layer and a second process
layer over the first process layer in accordance with the operating recipe;
measuring a contact resistance parameter of the contact;
comparing the measured contact resistance parameter to the target value for the contact resistance
35 parameter;
determining a ratio of thicknesses of the first and second process layers based on the comparison;
and
determining deposition times for the deposition process for the first and second process layers based

on the determined ratio.
-10-



on the determned ratio. -10 2 9 MAR 2007 11. A nethod, conprising:
performng at |east one process for formng a feature of a sem conductor
device in accordance with an operating recipe, wherein the feature
conprises a contact, and wherein performng the 5 at |east one process
conprises perfornming at |east one plating process for form nd BABBducti ve
| ayer to substantially fill a contact opening defined in an insulative
| ayer; measurilhg aAcodiodcbmprdiigSt ance paranmeter of the contact; conparing
t he measured c .Stance paraneter, to the target value for th
electrical pe Sggﬁg%%ze%%%ger%%fsér?rg TCE aafer?%i"efga e cé”r‘dﬂ? idRgre At a°f°gr§“s°? YShe of
a plating tine paranepreratinggreqiieawhanip tho featang eonpaises Aetngxct, argliwherkie pérforingt the
concengration para t . t - [:
Feci pe based on t hoo ool ol SRRLShelRuT AR KL pling B UGB | oy
| east one process f GPrdycyetiyapio qubstantially fll eonigct epeping dsfivrd i aprinsglasipe dager; n
accordance W t hneas@fingQRE"iRE lediGhntcPai@er oPMREERLA; t he feature conprises a
contact, and wherei.n perform ng the  at |east one process conprises .
perforning at I“BHEY"&HE 'B‘Eﬁ‘f‘i’egh‘g’%“ pPEEEs PgFten i fhe gy glve dan dg i | ayer
filling and extendi mgfobmpanrbhrateddintaaCt openi ng defined in an insulative
| ayer ;1,20 nmeasuyr.ing. t .resi.stance paraneter of the contact:;
comparng tho raiifng of R BECorTuiRihe FHE BaRRE Tiudihs Opuale RafPl, BLoettitie 1or
t he contact resi st asensentrifion aprameter,; anchantdmpkesteg priapieterepf e oberting recipeebagdl orthe
polishing tine paragh&fisond downforce paranmeter, a polishing pad speed
paraneter, a polishing armoscillation magnitude paraneter, and a polishing
arm 25 oscillation frequency paraneter, a slurry chem cal conposition
paraneter, andia tenpRidaldmnprisp@r ameter of the operating recipe based on
t he cquari son. ﬁ’LS.. Atjé/stten}) cor;%)ri sing:.. a processeéuool configured to
perform at | eadf ™ GNEE HIGEBEPPEE Y dPMied et f chmicopucty dedesiin 3 30
devi ce i n accor dancen wpetalingmacigp@hadin the) featere icgiprised a @itdeD hipigyheiein @brfoating thgur ed
to neasure an el ectrj f haracteristic of .the feature:. and a
controller configur SEIE%EOI%%E%%% %ﬁgesﬁeeagﬁg € leé‘%é’get '?o?'(s:hélfg pf)%cf g?rr?‘%lﬁlé'gg 2
characteristic to acendnges layey Elling arfdextending beyoada eontoct|opgning fdefingrbin g insulative
characteristic and dgterm ne at | east one paranmeter of the operating
reci pe based on the conparison. 35 14. The systemof claim 13, further
conpri®€ing a plmfrsyTinearoRtct KtisRueegaramggof the epfeftgur ed to performa plurality
of processes t @ohmfing hé Reds@at ddhitgs refigtille PhrALRRSS theQithet RAYY 100th@LbnRARSE:REABT
reci pe, wherein the controller is configured to determ ne at |east one
operating paranet er B¢ ™bperating recipes for a

determining at least one of a polishing time parameter, a downforce parameter, a polishing pad

speed parameter, a polishing arm oscillation magnitude parameter, and a polishing arm
25 oscillation frequency parameter, a slurry chemical composition parameter, and a

temperature parameter of the operating recipe based on the comparison.

13. A system, comprising:
a process tool configured to perform at least one process for forming a feature of a semiconductor
30 device in accordance with an operating recipe;
ametrology tool configured to measure an electrical performance characteristic of the feature; and
a controller configured to compare the measured electrical performance characteristic to a target
value for the electrical performance characteristic and determine at least one parameter of
the operating recipe based on the comparison.
35
14, The system of claim 13, further comprising a plurality of process tools configured to
perform a plurality of processes to form the feature, each process tool having an operating recipe, wherein
the controller is configured to determine at least one operating parameter of the operating recipes for a

subset of the plurality of processes based on the comparison.

-11-



subset of the plurality of processes based on the conparison. -11 2 9 MAR
2007 15. The systemof claim 13, wherein the controller conprises a first
controller and the system further conprises a second controller associated
with the process tool and configured to determ ne a base va uenh 9 t he
operating reci pe paraneter, and wherein the first controller 1s comzi gur ed
to determine an 5 offset to the base val ue based on the conparison. 16.

The system of @%-ai niThSsystevhnefiodainm 13, whereintht capirdller comprises 4 Frgsomrofiar prsitthespstenr ol | er

and the Sm&%mgr!déstar'&@{on&%9511e§§§00ﬁte§ eaRhd p&)&gsttﬁtglahcﬁgonﬁéa%itcgweﬁgné PoacONt T ol
t he proces in accordance with a base target value_associated with a

t ool [ ! 2

physi cal c‘fﬁ‘éer é‘iﬂh‘é PRGN TGP PHANSE AN, pvherein thy firgh Sonrplleg ds qopfiguped g determige fnyy ¢ her
conf i gbir edfftetro $o bdevabrervhsedorathe @hpstn.t 0 t he base target val ue based on the
conpari son and the second controller is configured to determ ne the at
| east one paraneter of the operating recipe based on the base target val ue
and the of f set 16 17 Thergyaters gfcglaimnl 3 fvherpin th ropgollengomprisena fipfeortialer apddhecsyiigst i ses
a transi Stf@ﬂxeri’wrﬁbrfs&e s&bﬁ?bﬁtfdﬂ&:corﬂ‘gtu’_fe% mﬁﬁﬁhecﬁa@ésa_eobﬂﬁ bbbridhcd withtalvase targea
conpri ses e . silicon.sheet .resistance .paraneter and a
15 hat o voftessEaate GG lsidh BRadisicds B (R i of PRy R Bl °
conpr 18 es dgteriing AofEetdy theybase tariget valpechased e tip comparisproangthe sesondivantrelier dsrcpnfigired
further ceqRichsiRShcat Bak the\pRtbrhaer RSB cipe Biedld the bAR 1338 aR R thedrgde. M 13,
wherein the feature conprises a contact, and the electrical performance
characteristic further conprises a contact resistance paraneter. 20. A
system conpri d7.ng; Tansystewirftchpt 1% orhereig heeflatire cotmiesa twosittachnd dpekemigl i n an
i nsul at i veerkda¥fite PhraderREIRARPEIHHHRE atd&M R of ArdlybillcoR SREY FEAREE PMakiblerdRd a
operating recipe; a nmetrology tool configured to neasure a contact
resi st!anc S*PEVAHETEPBf a contact formed in the contact opening; and a
controller configured to conpare the neasured contact resistance paraneter
to a target valye fag. G SUMASE LRRShERGE:RALAEL Sl 200, deher e, at
| east one of an etch ti'ne paraneter, a plasma” power paraneter, a
pressure performaneesharactanisgic furthen compeises e eate weltago parptenet er of the operating
reci pe based on the conparison. 21. A system conprising: a deposition tool
configured to formng a first process |ayer in a contact opening defined in
an 3%‘% nsul atil%e | dPepysspdofaclidmcion dhessit dhssteatyre, gampprigey d@r copts ol rthiey elesrigit es s
| ayer of @erfofitinGQRRGMIGHSEE furthle Yng@sds B cRGEOSHAMSE Bardeled an operating recipe; a
nmetrol ogy tool configured to neasure a contact resistance paraneter of at
| east one of the first and second process |layers; and a controller
configured to c@Onparfesystbre, compdsinged contact resistance paraneter to a target
value for 12 2o MIRAAM 1o A o SORLATENEER o8 LRSS AE APELGHcoRlllor dEhET ™ N
a ratio of thicknesses ot the Tirst and sécond

25 in accordance with an operating recipe;

a metrology tool configured to measure a contact resistance parameter of a contact formed in the
contact opening; and
a controller configured to compare the measured contact resistance parameter to a target value for
the contact resistance parameter and determine at least one of an etch time parameter, a
30 plasma power parameter, a pressure parameter, and a gas concentration parameter of the

operating recipe based on the comparison.

21. A system, comprising:
a deposition tool configured to forming a first process layer in a contact opening defined in an
35 insulative layer and a second process layer over the first process layer of a semiconductor
device in accordance with an operating recipe;
a metrology tool configured to measure a contact resistance parameter of at least one of the first
and second process layers; and

a controller configured to compare the measured contact resistance parameter to a target value for
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process |ayers based on the conpari son and determ ne deposition times for
the deposition process for the first and second process |ayers based on
the determined ratio. 5 22. A system conprising: a plating tddlM®ddsli gur ed
to forma conductive layer to substantially fill a contact opening defined
in an insulative layer of a.sem conductor device in accordance with a
operating recipe; a KT EYAESER S A GEFLG 2 Fgo f’r&ﬁ‘gﬂ‘lﬁséesﬁg@‘c‘) tzfﬂ‘{se"o“‘p

resi stance par amnet emproodss lajees tlosih duthe congarisery 8 fetamnitle depasbioh Kimbs fer theodepobikigur ed
to conpare the neas t i n [ r a target value for
10 the contact resi g{oﬁ%%p%%@gtﬁ%{goﬁé{%e%zvggbﬁgﬁg‘te delgeglgg?dmgﬁ’e of a plating
tinme paraneter, a plating voltage paraneter, an electrolyte concentration
parameser, andaf tenpgieh WhRprishi@r ameter of the operating recipe based on

t he conparison. 23. A system conprising: 15 a EOl ishing tool configured to
pol i sh a condul®@iie Pelyresfispred foifors afapiuctivg layra foryOsnatady 1l censast epeting i ng
defined in an insul &’[in\:iﬁsulaﬁ%ﬂ:liyelclffa&nﬁciﬁﬁduﬁ&?@ﬁkﬁlﬂgéodﬁi&ﬁﬁx dnldpagaOledince Wi th
an operating recjpe; .a, metro t ool configured to sure a contact
resi stance parane ‘gcr’gyé?‘)lf ‘g“é%g%‘é%af‘l’?ﬁe°°?‘s°§/§?‘gmme g’ﬁ?‘f’ 8‘1“&“8 Veiaéﬂf"i“ ur ed
t o conpar e t he areaolr echfigonl ta compae Sheshamee conartassitagte promader tax gett vwiat foe f or
20 thegcontact T esi $4anas RAKARBEAN ARHAAT RS Bhe biSHMinR%: forer o
polishing time paraneter, a do orce paraneter, a polishi'hg pad speed
paranet er, a pol i shiPlfnaVoHaees eaanteisr | ayreleclyin icongenération rrarametesy andai ¢pmperature

pol i shing arm osci | Ipgth&i of h&SPBIz YeclpRbRLBh Bl cofbaidolll 'Y  chemi cal _
conposition paranmeter, and a tenperature paraneter of the operating recipe
based on the conparison. 25 24. A system conprising: nmeans for performng
at | east one pnreces: dyswmfompising: a feature of a sem conductor device in

per forgmnce. charaR R &ee B RaPFLA T s HIINE T reanpaFTAg Fhe
measured el ectri cal opainckfined meendhsalatietigei ofta emicondactdr gevipetin scadrdagee fudth ab he

el ectrical performange,Ghargeteristic; and neans for determning at |east

one paraneter of the opefating recipe based on the conparison. -13
a metrology tool configured to measure a contact resistance parameter of the conductive layer, and

a controller configured to compare the measured contact resistance parameter to a target value for

20 the contact resistance parameter and determine at least one of a polishing time parameter,
a downforce parameter, a polishing pad speed parameter, a polishing arm oscillation

magnitude parameter, and a polishing arm oscillation frequency parameter, a slurry

chemical composition parameter, and a temperature parameter of the operating recipe

based on the comparison.

25
24, A system, comprising:
means for performing at least one process for forming a feature of a semiconductor device in
accordance with an operating recipe;
means for measuring an electrical performance characteristic of the feature;
30 means for comparing the measured electrical performance characteristic to a target value for the

electrical performance characteristic; and

means for determining at least one parameter of the operating recipe based on the comparison.
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