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GEAR LUBRI CANT W TI JLOW BROOKF1ELD RATI O FI ELD OF THE
I NVENTI ON This invention is directed to gear
WO pdritcsamt s havi ng good | ow tenper at ure proper PCEESANT066149

processes to prepare them BACKGROUND OF THE | NVENTI ON

O hers have nmade gear |ubricants having | ow ratios of

Brookfield viscosity to kinematic viscosity at 10G C

usi ng pol yal phaol efi ns, or conbi nati ons of petrol eum

derived base oils with significant |evels of viscosit
MULASS TR RANNGALIQF EREA FILMRGOR FIEVEDENSTFICATION

Synthetic Gear Lubricant SAB 80W_140 is nmade with

highly refi nedAM MM@ED/Q@XE%WMl base oil

and greater than 20 vvt% vi scosity index inprover.

Chevr onCRESSaREFERFNCHS T@ RESHTHL b\ﬁPééGAT S75W 90
[0001] ' th@%)%h\éﬁﬁo% &5%%{)@ ?néét‘ % gtaﬁro ?os ! ? ca 1ﬁn No 60/790,032,

filed Aﬁﬁ)lrp Q0ad,iaad enﬂﬂa)édyMUnaTDS&FEP mIbIaEAUIDF SFHiNGFIEMB%F@R\HLM
have | ess desired el astoner conmpatibilij ta#ﬁt han

DENSIE?%H%M.WRCB(EQ@%PJE@@" oThis prbigpidersisiafferadveninuation-
In-Part e% Pt 48 ggsg% ﬁb'l'ot/%gogqlbgr ﬁfég'ﬁav%&bgpiél?bbt whjctt’aahﬁs

soverye I've an e

teaches that functl onal fl UI ﬁ?FeN rrade u3| n base

WLUr$§E%WLQﬁ BeEBN FllMs iG] FH\M LGS THUNANBhal
IMPROVED ¢SAREFO " aie én@i}‘\‘; EhPid dehidnhy h%@%&érﬁrﬁemgﬁlﬁéa'tlgné are

taught regardi ng selection of base oil avin
herein idespomtbdrin thsutfarence ipadlipurmsesr | ow tracti on
coefficients, Conmonly assigned U S. Patent
Publi cati on 2QRPRIFBIONFOFalNs pSvERGtosear | ubricants
may be made having a | ow Brookfield viscosity froma
[0002] Fumencmduggedﬁvmdenedes edntineeitol geg lavges @ndiidolatimnistrgetares

e RS ORI SR TEAL S R

one andthéi GeR%Ver thbRLdiFRER. OhpDp¥l ddvideiishatn 18 i B8NVIa0EE bOVWiumber
aromati cs and preferred high |levels of predom nantly

of deviggyjedeats, aurludingcurematopktasp Hrab vaste powven dat¢tonmitiat ganceanshe

T LT

degradzfﬁmﬂ]'ﬁm’l’[a ¢ slsift] @ﬁﬁﬂgﬂil Srosétalk etotnafieilidt @aink @A the problems.
20050258078, 20050261 145, 20050261 146 and 20050261
0003] 1$ficf i i k i
o 485 A PBLB A TR
processhmhat haterallyl isoVatdd dekdctivel devisd egioas bh @ sefaicomdndtyr device.
ned U. S. Patent Publ i.cati oE 20050241990 di scl oses

ssi
LOCOS pige 6% hgwayer ke sern el iRy wpshorcosngs: haterl ogidization of
silicon ﬁl?dé'n%t}fj‘a élﬁ%ﬂ Higede Iﬂikk%’zﬁ(fefth&é bof ﬁ@ﬂﬁg{ idr T Enie e shape of a

Commonl'y assi gned ent I cation
"bird's 126&@5 Obosditend lasﬁa'iilahﬁ’ssmmuﬁ channaitsto;b@mpelsts inradye taesdpantls

e RPNt B ST LB e came

region. drifehé hdPSth@proOIeie %thﬂf@@QStproc@%g%té/e &b%& Qs bviee size
Provi si onal "Patent Application 60/599, 665, fil
continupg, gpusdring withoGty tange 8928, inearation (Vbpl) |1mabnwnta110n,9m9 Ngw9,
tenber 3, 2004, discloses ihat mmltigrade
ISOIatlogrtteé:%g% ‘Iverﬁlngﬁ%? of Fischer- Tropsch derived
distillate products and a pour point dePr essi ng base

[0004] o.qun@nbtﬁalph@n teshmawrsiclpdeshalew tepedhsalgtips 61d) poeepses. Early

ST prog Rt AFPicRE e B o 1Fenl i1 & BcBRRED wihidnd depen

into a shicon subst«raﬂaefrﬁhg thevresch siithya layer GO caicimSeRyel (e@l’ Q;ilkfon
eld Ratio than the gear |ubricants previously nade,
Preferably the gear lubricant will have a kinematic
viscosity greater than 10 cSt at 1000C, and will al so
have a | ow Brookfield viscosity relative to kinenmatic
viscosity; and a process to make it is al so desired.
_Preferably the gear Iubrlcant mnll also not reqU|re
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VI = 28 x LnCKinematlc Viscosity at 100 0C) -t- 105: c
. a pcai point depressant; and d . an EP gear
WO priicsapd addi tive; wherein the gear | ubricaneCHhES2007/066149

. a gear lubricant kinematic viscosity at 100cC
. ..Qgreater than 1Q cSt, and.ii. a Brgakfieid Ratio Jess
ledee? RaA ﬁ@ﬁ“}éﬁ’@mﬂ%&% r‘i’é‘&e%?c mRteriats by fos sxapplsigheatiepl-

(

mecharR& kghﬁw el%(e%é\ifPf u%oglaglglllﬁ% tl@ eaﬂ%}ﬂ’??ﬁ&sﬁs Q]gﬁ%f?écﬁve g)q isolating
deviceswhacedtchmegegethblerg , déﬁtnm or rao1SAbBus @A/ﬂlmteladmrlda: spaeeadomtinued

-12 en the ear lubricant i a SAE 85W XX. W have al so
to shring; proBirasdgvelo 3@%5r | ubri cant having a Brookiield Ratio

| ess than an anount defined by the equation;
[0005] BrQywsidffltleisel pRévidnas i6 zsoiﬂing(th@fommabiomﬁ voidsahdwheak seamduring

e er SR SRR BRI SRS SR

aspect 136l oPtrE&tHAesht &Qtré’ﬂ&ﬁ Wlﬂﬂﬁ%&%@k@ﬁﬁhér Ui 1 ﬁsﬂeét rﬁf'o @@fehes (e.g.,
85W XX, conprising: a. between 10 and 95 wt

aspect nayewﬁabgnﬁ Gt Py B@re)iass mpteatreanﬁOsf@m Woxdwroﬁmihﬁl@memtelnal due

characterize nesa Vi SGO et.ween. 2.
o the pfgtf e ERAT rcdoh Py TR do M RE BT R Ul E Ry s”
around (Rt u&:@sm%awertgeﬁu):lnw@ﬁf efth€afdsidd @8k ihdvenaBeons of
(ii1) a ratio of weight percent nol ecules with

dlelectrrﬁﬁh@wtqnéwrlafﬂfemh isolptiens; W@rfé\:c adversely impacyithe estdentt of
charactgf?gtlg B'f t%? ﬁgﬁg%t 11‘,(%0%1@ ?19 @{iegl r%é\;ﬂllf%n é#é{)% E%EJ?J: :of)ly nt

de reSS|ng base 0j.I bl endi ng conponent prepared from

[0006] 5 Prederharqus def H1dingEoift dREtduRa egPesition @icdge Redyse the
dlelectrR]c m%ﬁ@%hi\g AR thd GBI R %Sbgg CRWRROHS it e has
about al I - branches per 1 carbon atons; an
shown {vatensfEaetiPertese, ot sbdvatheootrad Iprdﬂlacg@ﬁnmb atd themlbly reduces
ive. h%¥gealso di scoy rocess

productgoq)gelggglep% dERBRS glnf:@l f%égewgee sglafipm bec glé%séhat 1gclude
the effiQbht ATRES thieP MR NBENcHESBAL alBMMINEE arld/or dliffRatt D&iAs Qregt@d in
wt % aromatics. ii. greater than 20 wt% total nolecul es
1heﬁﬂqmudmm¥cloparaff|nlc functionality, and H a ratio of
nol ecul es wi th nonoeydoparaff nt functionality to
nol ecul es with multieycioparaffi pic functionality
greater than 12; andb. blendlgﬁithe base oil with: L

an EP gearlEﬂﬂEHﬁ%ﬂﬂ%ﬁﬁPﬁ@ﬁé‘ HQVENEHNN poi nt
|
[0007] %b&%%rger{t% tatﬁg %nventé%naﬁlg ud%g?ﬁgegm(a N oapgeahng & ng%?riaye The

substratie MEEXné100E @ eiicht npibaL 6 dicfect®amhaleH Bl ITRMethvh @A intlude the
the gear lubricant has a kfnenmiic VISCOSIE% at 000C
Y

steps ofgqngg:ﬂ)él,g th:snbsiepte @t firsh tpanpsratireiod abgut BPY §kioj abpyt 800°C in an
|
oxidiziffy SREShn B Sfbiolle IHE0R Ry PRE LR BB e B qubhrate at o
second thafperatarelof abde 36¢Catoi abnut BI00UK fri £sedombhtidsphebd Bicking oxygen.
e(-0.07 x b) and wherein b equals -40 when the gear
I BTNApAS T8
10008] | ERHoR ARttt O @D iy iRy inonOfRlrds pRatthgfhe SRLERAE with
at least gﬂ@treﬂohmontaanng a dichuotrisARat8Bal\bhZX Xavig alsdicen altsde layer
... di.scqver rocess for. makin ar I |canI
positiorie RSy RIS Bt P e Bucho i bt oty
steps off a%ﬁgah gaﬂé QBsRaty bBL AR ¥eYnﬁeFHi|ﬁ% 09 Eﬁ(ﬁft %00@%@1@ iRAGHR
defined by the equation: . p(Kineniatic
atmosphare e@@pwn&an Qlorgsmpont@mmggam aadcanngalmgéhmetraic lat a/\n;dctmd

n | I addj tiv

temperaéure o% a‘%oaur’% tSQS% tg a%g ut ﬁ@g 1q a saecTaF %{I%SP}E‘%% E"‘aﬁl}ﬁ OH%en.
total gear Iubrlcant of a viscosity index inprover to
produce a gear Iubricant; wherein th gear |ubricant
has a kinematic viscosity at 1Q00C greater than 10
cSt, and a ratio of Brookfieid viscosity in cP,
measured at tenperature b #n C, to the kinematic
viscosity at 1000C | ess than an anount defined by the
equati on; Brookfieid Ratio = 613 X e( 0, 07 X b) and

. o - o ~Anl
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| ubri cant. Autonotive CGear Lubricant Viscosity

Cl assifications -- SAE J306, June 1998 Exanpl es of
wa@eaoontsipeve gear | ubricants are nmanual transm BGSI/U82007/066149

fluids, axle lubricants and differential fluids, The

10009] AP peSEvP RS BRI o EEPryas SuRtp o

included 88308t coriRingla eI LGAD hBRY | ’Plgehﬁeﬂheél\’irﬁhﬁﬁg Eﬂeesjtéﬂ)dof annealing

viscosity, especially those wth a | ow Brookfi ei

the subReat¢ at aafinst Espevitat oy albes #O@ €. toAbbW\E0BH© okthe praderRataf an

I S _associ at W th | nprov | ow t enperature properties
oxyeenspnE G RR TSP i E0es D RPEQNCRAT SoRine gas Svay
from the 3hKstael 86l Rsitd e sMsha 1B sebHttBPeratBrORlhi 86utRV0 O B

.. Brookfied Viscosity in cP, nmeasured at Tenpertaure

about 140Q/f tadurtlss agnead thegabistinje mpa aknasnirare thatVhcks oxksgap. at
IDOCin cSt. Tenperature b equals -40" C when the

[0010] g&RibddiraEnts dNtheliBveationbdibo AiiveXihclulie fpdlicis WE anibaBflgl @ k$bstrate

) 26 C when the gear lubricant is an SAE 80W XX, and
with at Jeaghrnedtenele contelging asdiclestocmaeial.tand hgwag ajsilisen airide Jayer
" . Br .

posiiofil P BRI 05 E1 08K 5L A TR Pl AEBRERRy e

annealit@theuubitete hastdt aagddiabout S0P Rtdboet 1WODIC ihe presence of
follow ng equation; 613 e 7 ; where b equals -40 when

water Ve, FlAned|ig the fbsirate 4ma speend sipgk 2 l§mpgiairg fronpabpwe#00°C

to abou\g\gﬁ)(g@% ah Qtl?ﬁdspu L tHaP 108 tﬁé%a%eg%%ﬁ%% and b equals -12

en the gear ricant 1s an W XX. Thus, for an
SAE [75W XX autonoti ve r. lubricant of IS .. . .
foo11) ek geis phueEsukes LR oRE ratieds of depsitipge dielecti
materiaPb£h Siahie, WasR thdARHBAORay iRiudiheadE B%di_ng a trsench in the

autonotive gear |ubricant, the Rrookfield Rati
substratecasl fohmmgIABBiS layer af the fshgh befars dehomtiRSMO dicdevtrid miaterial on

n, SAE 5W aut o ive ar _lubricant., the Brookfield
the subie o Theomp g g e o128 ppaio e Sglortc pigia o T
temperdtié@TabOit 808fEESmbR ih AFirSAEYipheRotpridn@deerdfapS0 andS
90, i 40, or 250, The XX for an autonotive gear _
annealipg hejdielentriquriaterial siepsscorul tamperghves ofabebe80Q" 64 abeig 1400°C in a
[ “W _SAF viscosity grade; thus you may have
Secondgﬁg(%%sga%lg%grwﬁﬁrb‘?apglgnt but not a 80OW 80 gear
[ ubricant. Note that die gear |ubricants of this

[0012]; dipehpdimaentapkthy ipreatien fsdesinplide ap prnebngsysteat-i Hep amealing
sstem B2 BoRAEEL MU0 Pl SRR SRRl U Gl

configuedd tdiheidleshbisyrata within exid adicakbmBéliambet, Skhesd thy sabstrhoGiprises a
ﬂﬁ 14, cSt. n:pul d have a Brookfield Ratio of 10714

trench flfedpithye dictpch mpienals The enpeaing systiem maydhitaipauds a gas

i Sy X EOR R L BOSHUSRL S ol O

system vordgmsed tp haatitbhe substrhtan Tae lgey distribstiorasgstehr mnoducsa e yfirfteaneal
havi ng | ow brooki.iel d viscgsitie r lubricants

. Ih e
gas COMRISE D GAGBHTGAIIG £a° WIQ IR GHERPE WHLEBE Rtafing fyster heats the
substra@6 818dt tdhgRatdR FRboutY0RF@ ANt BHEBY, hﬁ“é@diﬁoﬁ‘,'tﬁ‘@ﬁ%ﬁhg
vi scosity at 1000C I ess than or equal to 4 1.0 cSt. Tn
system beats tgisolbiitratato a sebang thrmperatirkoiabont §@)°Uits elomit i1 Y0GEC il @O

sumosp P LER N onyhle A 2l P e AR ROSoCBHELRE i B cppBr.
referred enbodi nents, the gear |ubricants of

St. |
[0013] { icitiang bisaiuss asores orduingiasdn e donerrption thatdellaysy end in part
: f . 0 St.. .
will be@iel SHARYoGhGREfigh 1fthe bn o et 8 (BE Wloing

specificatiopuenibpbe fedmed byalic pactiverof aiciadention. The $stirbaumdaddntages
W % aramatics, iii. greater than 20 wt %t ot al
nol ecul es with eycloparaffme functionality, and iv, a
rati o of nolecules with nonocycl oparaffmc
functionality to nol ecul esdwith multi cyel paral ni c
functionality greater than 12 The ierns "Fi scher-
Tropscb derived" or "FT derived" neans that the

o, . o r . r
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according to the process of fee invention.
Fi seher-Tropsch wax is normally solid at room

W@ 2oopet&daur e and. consequently, di splays poor PEINUS2007/066149
tenperature properties, such as pour point and cloud

poi nt. However, follow ng_hydroisonerization_ of the
of the lwtwqrn% pereatived %Itdna pyanesas ef teiastymentpgities,

combin! h t(l}j) Cﬁ ﬁteﬁ? _BEhpi rtﬁé ﬁo}gﬂ@é& RGnr epar ed.
er al rlptl SUIta rol sonerization
demaX|ng processes may be found |n U S. Patent Nos. 5
135638 and 5282958; and U.S. Patent Publication
- 20050133409R THFNSRSCRIFFIEN DEMHE DRIV INGS
hydr oi sonmeri zation i s achi eved by contacting the waxy
[0014] f degl lvéhoivs an kyainple 96Hﬁmaqe@ln62éph¢r§lbﬂr that nzary be used with
1S rizai zone und dr oi soneri zing conditions.
embOdHinr?Q{siﬂ? %Pr@ﬁ’?f‘z)tg‘f P@ﬁﬁ&%"&@%‘l preferably conprises a
shape selectlve - H-internedi ate pore size nol ecul ar
[0015] siFeg &, shawa @mtberrfectampldgfdtrfgmgemme@lrqhambnipfbﬁiemay bedsed with

f h h I
embod s e RO T REPERh bty "5 cue 1< pr of erabl y

sel ect ed fron1the group consisting of SAPO- 1 1,
[0016] SAF3zhowsapexamlsnf a spibienpal ppesons (RAShsystemzamg) be

s BRI g, o o

onbi nations thereof are nore preferred. Prefe

[0017] ¢ e Aspes ﬁ%tﬂ%&mm af 63@&9&%%%11%1&&9@% doreflgn msalfstrﬁt?rﬁlat may
be anneﬁ%glaegdrﬂ mﬁ&mﬂeﬂgtdf (ﬁ{ésmétg&i SP{I} 8 t@%{ eln\\/,%l)t(l)c/)n t ced

rol so |ng conditions depen
u dro soneri zati on cat.a used, .whet he
[0018] 13681l NG omBere(i g PYFBa PoUnb O UF Fergie e bagiments

ofﬂwIﬁ&ﬁb§@ﬁm5§g$@ﬁgg@hﬁ&ﬁs of the base oil. Preferred
hydrossoneri zi ng condi tions useful in the current

oot | Y68 B RS B 3Bl 86 aB PR
to embd¥ments @Bﬂlefpr&)éﬁitﬁﬁ@&ﬁoho feed ratio fromabout 0.5 to
30 MSCH/ bbl, preferably from about 1 to about 10

ro
10020) 783 7siPos i (R Pt Mo SR e PR liod
accordih @ @ﬁmﬂﬁentaoﬂthewelhtedvdnuoﬁ he isonepzalion zone.
Optionally, the base oil produced by
h | i e
[0021] )Fg% } siﬁ\?g ! E%urrr(grgmg%xc%ébr }P%f c!ooﬂé)n apﬁlv%qg (ﬁéleg gﬂéﬁﬁﬁﬂﬁnﬁﬂ
isolatiob efrm‘t&reothaaﬁa\&erbeém eaivienti@iailpgnodalddhendase oil into one
or nore fractions. The hydrofimxhing is intended to
[0022] ! m Vol n OXLEG fn%?%g':rﬁ}?}pbf ga?ymleld\éhﬁtl&p 'trjehéb)’lsolﬁ% structures
pearance of the produ enovi ng aronmati cs,
that ha\@lb@ém amleakﬁﬂ@pcdmdnoge@amﬁdb@hmamfshe megmed @f tHe present invention.
description of hydrofinishing may be found in U S.
Pat em Nos. 3852207 and 4673487, incorporated herein.
The hydrofinishing step may be needed to reduce the
wei ght pelPEEALED IEHRIPAIONODHIEE INVENBIDNESss t han

1 ref r abl ess tha ferably
100231 s G R s AR SRR ko8 PR ST Bl s
becomédnﬁﬁcrﬁ@e}in@;b@@lehﬁasﬁ%dﬁ ebldtﬁs p&dHGEert %@; \WBb a0 RLbE ﬁ;@%
aromatics to iess than 0 1, prefer less than O

trench a¢pect rajos ek ighsy (¢85 8bQUSH @, loaher)a r%nhedsmew ef theamespnt
mensh RPN RS Ohlot s LAad ARl

about 206°Ct toiabouti 890l ©)sinirae atrdodphere elndt incilisdee ah be@Ihasdﬁ&uﬁlﬁg gase
oil ' is defined as two or nore base oils differing i
ki nematic viscosity at 1000C from each ot her by at
|l east 1.0 cSt Kinematic viscosity is neasured using
ASTM D 445-04, Fractionating done using a vacuum
distillation unit to yielddcuts with pre-sel eeted
boi ling ranges. The base oil fractions will typically
have a pour point Iess t han Zero degrees C Preferably

- " A NN N
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nmeters per second, a slide to roll ratio of 40% and a

| oad of 20 Newtons. Exanples of these preferred base
woRM07fitsed i ons are taught in U S. Patent Publ iRCE/USW07/066149

Nurmber 20050241 990A1. The gear |ubricants nmade using

the preferred base oil _having a low traction

followeddut mmeslmgithairenchssaier highar dmpsiefutsdegaaboeldii0er to shoup
14myc§hf%§?%?§@§gpgg{%gg%?g?&pe base oi i fractions having

titon c ent al so have large film
t hi cknesses. Thai | hey nave an EBD fi] mthicknes
[0024] g geaking B8 He&%é A 0t TG 588 POy T mcludes one
or mor&){geggﬁtzbﬁaw@csg&iw(eﬁg, 10,88, N ew! st§ &éﬁ&ng&%ﬁld%hleﬁ hens
of "thi t he sa

s 1nvention have fil'mthicknesses abou
the silieom axideciiegworklia pre?Adshe frmahaw ef Yodeandtapgoinged weak seams in the

trenche bt PGSBSO 5 P45 DRI IAAERE PRLEoiff e
dielecti®@bfetial. €MMte IbReStembane Hthe aﬁﬁeaﬂéf?s Iilgs%i 82 frof: r@&ogi,ng with

or less than 0.011, when neasured .and ai
the trench wegdls pad ekt partiensoofdhe sitigen sphetrdie tpefoon|unflesiabiemrsde films.
having the | owest traction coefficients have uni que
[0025] briRGRhEginp heReohiifse (Y., AbEont Beb W tHenAcd M Cddiniferite) by
. less than or equal to 23 4, a branching proximty
heatingdhetiench igqiafions at thgdigher tenppragure 4o epaprpege e stvetiuneed de
. il . i i e .
alecafERUERR a0 M nTiRnD15h & LA AEHLE0D BN AL Pracria
This higited peiiperstsreynéiing is dored it dh BEvieorntcnn tHat kigkd oxlgxn.| Ths
. than or _equal to 23.4 and _a branching proximty |
environgeahmay benahexuRley sapstaniialy pare migegen; Bk amyixiwigf nitrogen and

ferabl.y 4 W9 '
noble gBieE (FL 7 VNGNS 230 853 Slos Ao FYFIRRA, ARG SBRE Bsof
environmentsdatd ackl ansixsdibing ASH M i GR&8nméEaminasieo miclude radikcingrnmses
havi n | owest .t ign cqoeffjcients generally have
such as feqgfn iﬁﬁmf s (R~ Angeating she %%n«cﬁaf-‘ﬁ dithihighsrggmperature
in this RUBnRehiTFhéiRtals tROMEL RAhPHratuld HASGE AR Withdut HiCoxidation of the
~ kinematic viscosity at 100 C, in cSt, less than an
silicon substrate. defi ned by the equation: Base OH Pour Factor
7.35 x Ln(Kinenatic Viscosity at JOOC) -18. The base
[0026] OiDenkifid&tidrdrthd@éioftictiedi VRSthe treAdHek By GR&illd £ hebs of
have a higher kinematic viscosity and higher boiling
advantages eices therpregieal ifbymediendengifipd materiph snelusling givingtthomsterials a
Vi t tion.coefficient. |.esg than 0.,015 have .
stower B4l DRGSR RIS BRI B 43S o By RFHEp R spin-
on techigesedin ddi erast ettifutdsubbuCIAND abaw@0airhesf fagtéit draforefthdnhe
i nvention has a traction coefficient less than 0 0 1!

thermallygrowynerxidg @egh & Wt stehgatiesati (W KB R obalyar 30g ras anase). tlakevise,

| : . i . Qi '
undens A GAAPRREL o TSR SO0k RSB LUATHABIS et racs o
about 5(IRAGa)reaftle iphywa tetvhirratey of the uhdedsiftedi dicledtrig nfags®l edn Bsult in

contai&ng%drocarbon nol_ecul es havjng consecutive

the overgtahing neateni duang shbseapeniplananzation md/geidersiehing by
. P !
process ST RIRRR] AR e AR rhgel LGS BaE U o prive

trench ibelutgorshar p peaks separated by nore than 1 carbon
nunber. I n other words,the lubricating base oi
[0027)] T BEAHIdRAGLaMBe Ewséfmﬁ@aﬁaﬁ) Hcfude@RdtBoRlof BRERIIRAARRR tric filled
nunber across their boiling range. The Oxidatofr BN of
trenches thet ¢qupbinesdthe advatages of 4 losist feomenatere ansedd i1l an exyighie containing

envront BAERL Ve S e BB AP RO SRR S

ol efin and aromatics contents are significantly lowin
the lubricant base oil fraction of the l|ubricating
oil, the Oxidator BN of the selected base oil fraction
Wi Il be greater than 25 hours, preferably greater than
35 hours, nore preferably greater than 40 or even 4 1
hours. The Oxi dator BN of the sel ected base oi
fraction wll typically be I ess than 60 hours.

. - o o
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systens subject fluids to shear rates p to 10V 1.
Hydraul i ¢ shear causes fluidtenperature to rise in a
wosdrawide system and shear may bring about pePCEELIN7/066149
viscosity loss in lubricating oils Cenerally VI
| nprovers are oil sol uble organic polyners typically
These mq:ngﬁd&mmbmcm@ﬂcté@ ipaingphtessysiemd ke et ¢xgewplary anneghing gystems
dmmnb&¥ﬂ$8& aver age nol ecul ar wei ght of about 15000 io 1
Fon atom c nmass units (apiu). V! inprovers arc
eneral |y added to lubricating oils at concentrations
Elgﬂﬁgﬂbﬁﬂaﬁﬁaﬁ§ﬁﬂﬁﬂ§o 10 wt % They function by thickening
the lubricating oil to which they are added nore at
[0028] hiRig 1t shope aathonesictrb@msdntatiot lofisn kgeypatag1 Ghthatis Swicsbild fpr
. Cchan % of the éubrlcant Wit h nper at ure nor e .const ant
prcticipg SHOGBISHSGIES Wiewd BEoTi cHecPbiais dAa AGEPYises a process
chambef198 84 b ¥orthdifr § STRGIRLHA & Vaticn® ARRMad doRRIoRERY teeg l%fer
the viscosity index (M), wth the viscosity of
handllnwrobptllaﬁ,geolwlor( 'ea,lgp 171243@1)1 nedsadlgivngpnireBer WKt &mong others ) A

s RSBGPS0 YRS e O LS AR LM U, e

applicalé, )éﬂﬁﬂéd 'ANIEth6@ R XPFarsiud For PRINAS hiyd ebﬁnamlb@ﬁwé"asa No.
esters; ethyl ene-propyl ene copol yners; styrene-dlene

09/396@@1}@%@ Sep.dAdl 5L ym ksbmoyp@ﬁed hgfein bvplefwetos & lyief

dcmm190 ﬂm_ dro%u g@fl 9 ve residual olefin. VS
Pt ﬁ%? v 3@% P%@ Wae di spersartf VI inprover,
contaln pol ar functionalities such as grafted

[0029] ¢ [@@,agpqqpt@g 9@ éﬂmgs forprpidjbeating gnd Feqling o subsdrate within a single
e U 05 38 Y TR AP

mecharighe t@@1sfdr alsubstand 190eetwesit the Reatidl indl G dodligg fetHaniéms. As
i such as less than 2 wt% or |less than 0.5

i nprover
shown wrrgs erpbedimeRbP g cls she heafingmechanigm ersprisss ahieatedpupstrate

I
ol SR e D0 T B A i
coohng'lﬂuld: kames 576 ¢omntdied wandoekihg platd Hi8sdishiosed atsaudigtamteapait from

ble or oil sgi bl e drocar.bons with a ki ne
the heafil st b0y - L b BetHl MRG0 0, GBXaRR b NGLT H hoop
110 havit¥ & FRﬁ‘ﬁft? oftfife 2Ol 12, %H?éﬁ %h8OCto thindRr FlREHeFForY'e b8ition
conpl ex ester, butyl rubber, ol efin copol yners,
proximate yirechreatedi sghs;ram)mppmrt 10t q/pmt[rmqnykma@q the cooling plate 108. A

vacuurguiey Gt s BRI e Camner el Tt eidP12aaf thy clgmber
102 fortdl4RatiO artP@IMrol 80sa8 Flowt SutdP Ut chaMbBOWD2cSt . I n one

enbodi ment, the gear Iubrlcant of the invention has
I eSS O/t
00301 S8R fucifl ot SRS ) BT B puh? it P Fbor

104, wiieh 1s@reHeated &6 thh@beﬁrdftﬁtﬁétHeﬁﬁé’enlaBblﬂ BIC etbafou§00°CNA gas
havi ng characteristic boiling ranges i s general

source %Wms,a@a@a&m&ga@sﬁ% glptera‘sﬂnﬁﬁggﬁl@nl 2 yta the &g imlet 124 and the
[ t.
mass ﬂ% ?h%t#él%& 1? Met 612&59‘[583 2&? 1h8{1](% %éilriﬂéii Eg@ﬁ% gsua?%sea spark
gap (not ghowr) do sthuit |tH1at0mHuE‘&@1 ofoXyge(05) addl Bydrbgeat @l,) forfibBu t O
side stream fraction recovered either from an
gﬂwmﬁ&@ﬁﬁ§§ﬁ%&?§$@}actlonatlon colum or froma vacuum
columm as opposed to the "bottons" which represents
[0031] t h’eftelr emilec&liag thé glbstratdeO isaptionalt covtedrte (a@imiréadie ferperature,

e oo EnBE 1Pl ST BB st B 2
This cah b@ﬁédo@rﬁﬁwh&y 6t & P@Pﬁ‘}‘ Bﬁng’iﬂ@tlﬁ‘sﬁﬁgtﬁt@l %tlhlclﬁé §ﬁ>x1m1t¥ to

froma bottons fraction having a initial boil ol n

the coolimpplatedldS msingoowates lifhoap lr@oFcFr qraolet the cmslxng pia@bl@a tmay
3990C). At higher tenperatures thermal cracking of the
hydr ocarbons may take place |leading o fouling of the
equi pment and 1o |ower yiebds of the heavier cuts.
Vacuum distillation is typically used to separate the
hlgher b0|I|ng naterlal such as the Iubrlcatlng base

L, LL-._ " o oy
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carbon atons. In one enbodi nent the |ubricant bl end

may conprise a pour point depressant well known in the
wW@eao7amsi9@ pour point depressing base oil bl eneliTYS2007/066149

conmponent. The pour point depressing base oil bIending

conmponent may be soneri zed F seher-Tra rived
be mainfgied At tSPpaLRETe of %ﬁt P S rRA ?é& Det peal lélarﬂo rtmp igd from the

coduu%@h&g&ﬁcgrﬂduct Pour poi nt depressing base oi!
endi ng conponents that are isonerized petroleum

R T I R .
controlPiHRIcBARBEN 02118y n‘xﬁ?éﬂl&ﬂﬁ‘t tf?é @rﬁféalﬁ%&ﬂéﬂh@@ of fheQreskRt ihvention.
wt % (nore preferably O, pour poi nt

Hlustrategly.¢be torgroblas B8eamphsisenal gmj:rai @mmﬁe pampuiert orsa central

processigig,%te @Pﬁ@ﬁ{@g@%g %Hgt%ﬁ'?%g? a&ﬁ%n%x?o%&qeq%g cgﬁtaﬁa}g associated
control ébB&8%! thhe RasEo1Rr Il SOMY rédpohsibRABESLtbRAtel BENtRIVSS the numerous

viscosity at 210 . Typically petrol eum derived bright
steps reﬁtl@e«f%watferrpawseng/s @8 Wafer dtgpsnort 8as R@y centrajpigmperature

COII'[I'OI,P%%L]% H)glog[ %9 fﬁ%?&%ﬁ]é:%%rﬁnzgag% Erg&%e%% f%é% <|)1¥er 180

and thedervbumntpmm@eq theQipparatie 10@ srelipadlcll chivgcH -@@@Um signal cables
especially suitable for use as the pour point
collectlaelprrre@e%é) Wpignabbuyses | & gpmg of Whshienlusratehin Jigekent
i nvention. The bright stock should be hydroi sonerized
[0033] aRktfayingpowdo &lid. 2, reampatanetO0denanealingBsiegittm@t eabstrates 210
.prepar ed .sol el y by solve t dewaxi pg has been found to
accordifis [ GRbodiments of teimefaodsed étleﬁaarenbwﬁtﬂoaléﬁﬁm PRl 200
is a hotQ¥dll fAhBRE LG AIPARRIAEs FirGEadnelrbdiéthf@ AN {7 \c’tglnigzereactor
gear |ubricants of this invention conprrse etme
tube 202nalgB5niat 244, prpedseuralstnsob20ayead a aferdodt BB . iEBHongor more

s ETASY RELEER 2; 2 200 20,0, o, B0 BXLSE

wafers lal‘él?ﬁdlﬁlﬁl'}t headdigyl r¥§§tl\%rlf%a@r‘[§j&ﬁlstsﬁrrbtkmﬁﬂg3tﬁ9 hsbel202P G 8A Ing
destructive netal-to-netal contact in the |ubrication

gases a@fmr:tgwi nigfo sne £ad eSthe Whiel 262 (gasanleh204raising @rmdass iflomscontroller,
r med r.odynam c fil | ubri cant i
and mal B AESpe M BE BN e Bfobt 202 e 000 kg vy
governed by lubricant paraneters, and principally
[0034]  iRefssing pow tp ks, 8r a cippsectionsd view picrapiltbermad progessac RTP)

ameallﬁggm 56(? th%'t'ﬁlf g?gﬁgéﬁﬁﬁ}?gﬂﬁgﬁﬁrgﬁ% }Ml’reeg}rg %%EEI’RIOH 1S

ving surtaces cannot
shown. b&n eramyplaiofie ® TPt diﬁez(lmlgdzlhhmbﬂ 315)0 1s b mmmn\rcm@ b Bér th[t is
i s reached; .governed |larg araneters of th

Comme%ﬂtYa%ftatl%e §Gpx Iéeelsed/ltfla%tlrlﬁ |In1>m$e1t% 3L adibndhe Raﬁschamber
300 incRld9g klﬁé@?ﬁ% 195 BBM BYS 58 Qt\ﬁﬁ%%m%'e%aﬁl $17. VER!stdeWins 314

various forns’ such s wear an t’i gue as
and therbotiemr3dd goyernllyl gomlgifaruinq:tal duchgs, foit exiampldyetainddse setl. Hhe

ear hri cant, gdditi to event from
wpper oS AF RGOV A e ol o SRlonmoyabl 31w octines 316. A
radiant @9&?? hé’s@l%bf}ayl% D86t o%@rl aHﬁl Bupled %@iﬂdﬁﬂé&ﬁﬁl?%% 3%he
a stable di'spersion in the oil, and | argely have” been
radiant engygy hssemblypb¥ridguddserplealityyofilamps 219 ¢ach owuntidrio a light pipe
391 sul fur, halogen (principally chlorine), phosphorous,
‘ carboxyL or car boxyl ate salt groups which react with
al surface under boundary | ubrication

[0035] céfrlrerlﬂPo%rglealswﬂa@ e }9eoupasrassubstratg 32 supodiedcaronnd its
r 0 effectiv
perimeffEh 7 SRR 23 oD BB Ml oh BBt BT AR 362
hydrated al kali netal borates are insoluble in
| ubricant oil nedia, it is necessary to incorporate
the borate as a dispersion in. the oil and honbgenous
di spersions are particularly desirable. The degree of
formati on of a honbgenous di spersion can be correl ated
to the turbidity of the oil after addition of the
hydrated alkalr netal borate mnth hrgher turbrdrty

o o, . o o o o
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The Pour Point Depressing Base G| Bl endi ng Conponent
Sone enbodi nents of the gear lubricants of this

WO pop2ntdlon conpri se a pour point depressi ng baREr/v$1007/066149
bl endi ng conponent. The pour poi nt depressing base oi
bl endi ng conponent is usually prepared fromthe high

is mourged PR AgOB@PIesrlinder 3631 dhe r%#ablﬁ Cognder causes thesuprart et o2
and the%ﬁﬁ&{atéjfostgta}é \lvﬂﬁflﬁlg{lRﬁ“p %h!lr%%?r%@ oi ling base oil

écul ar wei ght of at Ieast

repared fromeither a_ Fisch
[0036] d&he\lv@ttouotyltS&rté‘pTé’r anpeH I SEBGR %@rmvl@ée%gq gﬁ@ate%@ surface
311, wlgeﬁ FepTBLs flﬁgf‘éﬁéf SR BRMHagedad Fﬂb@g@te 2328 Alddfonall 5y the
egree o rancriing in the no ecu et ween about
RTP anapalinginbamber H0ky¢ludrsandhestypeiterhféatias prohesl Bnmsitioned

Fol | ow n y soncri za t ur p i nt depres
theougtiBe bOlp 335 6Bl R PR GG RbrDw 8 A BPe Rrtg o e
stﬁaQ@EMEGn about - 200C and about 200C, usual ly between

about -10 C and about 20 C The nol ecul ar wei ght and

cul es . are

10037) & R Efnfet 585 PG ishhu 15 o G a1 Beab B MR ineating

chambdr360C Asgasut] &t %Qfﬁoﬁlhof[é@mgh%m%ﬂ de4 of)ﬁ&ltﬁ @3 Easliflen 869
depressing base oil bl endi ng conponent 1's prepared

removes papgaling geags Jrony the R 1drannpaling chambemd0 yThe se putdet 368 is

comcd IR EREIAHER NS ] GRTRRDTEY 1R BUABEFAg v

annealibg givee fofretle RITPranhbaingl dchg@ber 3 00aind dmaitthink @\ﬁeglrdblqirbdsﬁ@
Fi scher- Tropsch derived ol efins. Regardl ess of the

therein dyripg Brogessitge Fi scher- Tropsch wax, it nust contain
hydr ocar bons boiling above about 950 F in order to
[0038] priddusdatitencigytabwenbly3 Biprefergl e sadonfiguriel 6o fielampoB It are
depr essi ng base oi |, blendlng conponent In order to
p051t10rileﬁldp 63]@X%gﬁ)§a 0[56‘? #thoneycomb tqg@nmer}tsabove the surface area of

h 0 VI
e oA AU kSO YL AP, i e
indeperglently tmtmlhdz,douumfonﬂllyﬂma%es@strﬁe 326rious distillate

base oil cuts are collected in the ease of

[0039] F"ﬁl\fhﬁhd&{l ARSHIBEEI7 1\’1@1‘€1d&aa9ﬁuﬁ'hty oftéﬁﬁﬁ%gﬁ bid 3Att8at are
Ve

base oil fractions ({ be used for the roi soneri zed
alignedptp gheHleght Pipgp32hofiiihs radiang ererprgtsembly 318h eRatdmnt omesgy from the

taunps 5 a4 G Bl PAL 1 do EEAPHEREE e S BB K B Bnfipting

chambgpr3epar e the pour depressing base oil bl ending
component. n addition to hydroisonerizaii an and
f rgct I
[0040] gg@;gﬁ%@ﬁ%&ﬂl@\g@%@’o 515 ?% lr:&gr)?gi@x Pg gg@ag)g)(r:orcg%:égp EShtroller

(not shdeﬁJ)[ dIHeembrdpg)ce%d cntchiler fnlayl bs bnengf aniferrp 0 perfeeidl Iphrpose
epreSS|n%Eg%se oi | . bl endi ng. conponent of the ?resent

Computiehpf@ﬁtﬁsorr{ et cambepedin o indysirigbseigtenar copswolling Rragess
chambe% %éu‘?)- I‘HC{S‘E(%\‘ Phd&nbidter May G&lahY s@iYe AcbB) such as
ol |ng as raction e pour pornt depressi I"Ag
randomtms&s cmildmdly,emotl oy acmpopefivppwididk drevechaad daue, gpann bther form

i s at |east 3QC higher than the of the
of dlglwa?ragf‘s, b oot Sy’ wwwcatt%m@? pareliztio s (b0 %or
supporth{g th@%ro@@%ﬁr InOHOfvER RinaMi&het. NSo Y A1 QbR AHEE b ?e%gued may be

tonms as described in this disclosure is used
stored méhhmempneommutgbb)na segbnd K€ Uthatis remdtelypgocatedooi nt of
the blend will be bel ow the pour point of both the
[0041] POt pRsUed sedfdHce $&iitiigs BrRaeRedtitdd dFtee MKl NBstERERPSIHon&T difithe
he hydroi sonerized distillate Fischer-Tropsch base
pedestap The spiease euéines, whies cxgsuted eganssamythe genesel poepask eopper into
poi nt of the bottons to the target pour point of the
engi ne oil.Accordingly, the actual degree of
hydr oi sonmeri zati on need not be as high as m ght
ot herwi se be expected, and3the hydroi sonerizati an
reactor ay be operated at | ower severity with | ess
cracklng and Iess y|eId Ioss It has been found that

T I o o o o s



10

15

20

25

30

poi nt shoul d be greater than about 105Q0F (565 C) wth

a 10% point in excess of 1150 F 20C) being preferred.
wab@7aasage degree of branching in the nol ecuP@BUSF007/066149

t he petrol eum derived pour point depressing base oi

o speci e gEEB ROFPURY MabIRIST G SRR SPHFRGH soyamBYepeatng is
performcd? QRPN B! Ao iWRfcGoiRE %Ea%me)abr E) foRM PR dWark Qus an

about 8 al kyi - branehes per 10 on at ons. Speci |c
applicathora kgeblfmanfég&tedl\mmhﬁ s pthBr gpk bf kdrdwaies mpkinganéetionpore

suge 2983 04. Pour points were neasured
COmbngO %IEIW?W%@%@ R5N@Fght Precent O efins; The Wi ght

receni Aefins in the base oils of this invention is
EZQQQQEL&@HEQHE&Bgl&EHE@n- NMR by the follow ng steps, A-D
A. Prepare a solution of 5- 1Q@% of the test
[0042] hYRbBT&EiAE BOW th Figl auieenatplosof @em:mB fill@ GehEle foRmBe i1
roton spectrumof at |east 12 ectral w dth and
substra&éb@trf&%}febgﬁmeﬂ@ agroEding o Q;mmwr@mts @ﬁf@%ﬁ nvephen) isghpwn. The
n
trench J&‘lﬁu&ﬂ‘&%’dﬁ? Elbo [Hé\fh{dteg gﬁﬁnéyf &% E&ﬁd{e}l prid N9&ad B yer 407,

ire asig ove ecei ver?
which Mﬁﬁﬁw&@m@&bﬂﬁ@emﬂ (@%.,iaSsﬂajmmsuBﬂratd)he i nstrunment nust
have a m ni num signal digitization dynanc range of

[0043] 6% QQIQde 5%9(58{ BB §spﬁn9%ﬁ‘1?1'ﬂltﬁd5 B9L40Y by d%%s%igg &,@@2-

Measur e egrat I'ntensiti

pattermﬁig@ pb,oﬁ)rq:};pnml;(yaf Gfon showzh) bnlh@mppm layr 499 Isnx)h thatS fhrSomppfithe

ate D 1 ul.ar, we t he test
nitride ﬁau rﬂ;vs hyoediniibeis e’sgPS%éT ngirige s@h 9%%@% gerferanedfo reppove the
expose@ﬁ&ru%ﬁ & f tte- I‘H’b}ﬁ% ll‘zi_l)@f 469 rﬂﬂéﬂh@ﬁltﬁ azﬁg ?d'rﬁ{e@% the nitride layer
hydr ocar bons he average nol ecu r formula of the
409, angixafd lager Zap Il'm shaw) miynbeiprmed imthe pad-pyid¢ layend @i, Ialﬂ!ns step,

e gt R 50 P Bl o R o B SRR v
407 that 13 kP68 b3 )Re 1iRedBaFD Ghe Okidelctdhi rBmbBY&LRE @ﬂﬁ)séf}%rﬁf)h Bf oxide
integral /integral per hydrogen) 6, The nunber

layer 4Qj fermungtedxideggpef i n hydr ogen ti nes hydrogens |n
olefin fornula/2) 7. The wt% ol efins by proton NVR =
[0044] 1QQ11bwWirRSthe Ramato ef theoxilie gap.ahd shrdiswires®s the ghun&e trefdh

Eydro gens in a téw_cal ol efin nol ecul e divided by the
may bedpmpssrin de sapairag eavsr 402 alhis iy starttvadh a subsBatg gich (e g, asilicon

T

etch) ofgﬁggtg%é ﬁlger %ﬁ Wlt n? %rall V\henﬁ{dﬁgagrbexlrl\@:@ﬁ 61?)2 F’i@ltnlgo& etch

mask layesu IFbllowmgcthe sﬁh%ﬁste tel.’cantrah:hmtl 6%hat v frmddimagbetieased with
conventlonal a_distri buted

. hhust b ins; i.e.
cleaningAgaty & & HE hds@dgiian; fhtr?rvgégfq eyl bigr AY GPgy &R dormed in trench
h oY i
w1y BLASIRE Pl Uil RS RIARTELGHER 870) B 10 ) i
an oxideloginitnide gimessphere] whiak maa atbetrewridashlar @irhgrs b thedrancle#i d(and
1 higiegral rati o between ! and about 2.5. Wen tins
else i 0 exceeds about 3 it indicates a higher percentage

of tri or tetra substituted olefins are present and
[0045] t Kfsfter @ueﬁﬂe‘iﬂeﬁms forseadrdaelecine matesial 18 mdebe depalteddodpen the

wench holFucH SHERC B0 PR Feodf R RS 0B Fels e R B o8,

accordih@wedtentifal W@ﬂ)cﬁ‘@éF@ﬁthﬁl (VDY tetiagles 008., R¥vOpREduge CVD, plasma
function in the |ubricant base oils of this invention

CVD, ¢l 8 spipoiditlectpe torbipiguespomporghethersdeppsitien iwahsiq@sadi ent
H gh Performance Liquid Chronmat ography (HPLC) system

[0046] c dopbedinple,tthe dietdetricGhitedihlaate Ay depysiteld\by\d Higat/sptarRatio

terfaced to HP Ch n}statlon Ident|f|cat|on of the

Proces (EWW i P P hedimenting SARP ing lydggusing Os imgiareslane
Base oils was rpade on the basis of their UV spectra
pattern and iheir eJutiojti tinme. The am no col um
used for this analysis differentiates aromatic
nol ecul es largely on the bdsis of their ring- numnber
(or nmore correctly, double-bond nunber). Thus, the
S|ngle r|ng aronatlc contalnlng nDIecuIes elute first,

. Y
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factois for each genem aromatic dast> were first

determ ned by constructing Beer's | aw p ots frorn
w@eo/1magkel conpound m xtures based o the nearBSI/US2007/066149

spectral peak abs rbancet, to the substituted aromatic

| ogs. Foi exa% ai ky'~cyc'ohexx§tbenzen
108

(TEOS}rbass:s@ Sbeatmosplsaice 1eapir Berosiioat(SACY Ddegach Bdlarereatlike
t
e one 8PP TG ASTERIRT S P pRR AL TR e on

Septembler B, 2808 rehtitldheMETHE@DUSINGTEOS IHLKM)PI—UR DUR]N(@
aronmat ic _napht hene @gge oj | cal cul .at ed
Te0s QZRNB GV ORAMGVED GRB Gulr sndlor Ui PR ApBicaE S
10/7578%0 %ﬁ%&‘Hﬁ‘J‘Qﬁa ggbﬁ%ﬁo‘h a "?\ﬁ‘i‘ﬁo&@o@&bh%m%m@haf
absorptivity cal cul at rom Beer's
TEOS/OZﬁ)ﬁ\E CV&l BOR IMRR(@VIED(G)AEEHIH ‘atriddordJ.Sf PaterdrigiplicstiomeNe.

101057 88 s et 1 2B Rt b S TRER IR SR ER .

and/or @Vse‘P%&ﬁt ﬂﬁ#ﬂ%ﬂbﬁ‘No‘Nﬁ)@m 569 rﬁlécﬂﬁa S@iﬁ‘érﬁbé? 285€2M3| entitled “GAS

s calibration méthod furthetr inmproved b

DISTR[&HTI@N GIQWERHEARS the ertire cafitengs Df sachofwhidheare herein

. I%&i) e}}l base oil via exhaust p e HPLC ci nemat ogr aphs

Incorpora BFEfPHy directly wuh these aromatics elininated
the assunptions and uncertainties associated with the

[0047] noldwl H@Bﬂwmmwnaﬁywb»dp aatyang the jdio @sfg‘h 4¢84 TEOSIE Pg and the
spamn,gi’%l ﬁ eh tg B‘ébsguse afgr a ?p%%%a%trﬁ)ughﬁ l/olatte ?Aﬁ\{\/ggleacbé)vgr the

course 8P@6id d}b&ﬁidn)bﬂtl@e gaoHitetigh.y Iicihe hrﬁﬁﬂtseagéhoiHPHQM/deposmon the
met ho t he substituted benzene aronati cs were

depositioagateanastbe lowsr brbawing & reducedonpersration af Shekiveiq Os (e.g., a

lower T 0, MLPAT AEE saQhE0ARRLA R warcr Sat Wi Bn i e
about 3@0 n@fs). n@hdonmd@fqbommn eate hiddws ammoreevea maexct? 11 4rith d d8duced
rd.foll two 25¢c | ums of 8-12
chance i &rgiin %Yﬁlﬁ% lt?otﬁd@a TRlE T %ﬁ%ﬁéﬁl&%} tgﬁ@ﬁdﬁ%te%agams;the top
corners'%ﬁ'tl‘ﬂ% Redcgstrunments, Emeryville, California, with
“hexane as the mobil e phase at a flow rate of

m. s/ rnin l.uent . wa fract| nat e n
[0048] ﬁe et et ol e DR E gerRbion gt e SR L R sRBRt Ay Aled, the
depositffiaeitiy ﬁeeﬁlcﬁﬁsea%rlﬁér@as% $10 BhRcenitind & HoAGd tQ'@ (eg a

were col’l ected unti'l the 265nm absor bance showed
higher tH@8de Osahtia).a0d rqhsmgﬁlaaasme@bﬂwmrsthemuf@mnd |gg$1élls@d>utlbneplate

(e.g» SRRt RhoR 108 i, Dl bfafratia Hhis oo B rd b

depositicht dfAhdRbWEER, whih ﬁﬁo@éh@es?cﬂ@fﬂn ]ﬁﬁ@ﬁ&l@ﬁ%ﬁid&éhc? b9.decreasing the
i ndi cating t he onset of two ring aromatic el ation.

depositpgyrtirng. cBhusOHAéicPdd@@aapm maningtudepethsd Hever dopagjtion rate stage
e ARt O 00 RS B T BB e

when tlgliigh ﬂt@ﬁesﬁlﬁﬁ@ﬂsh@ﬂﬂeﬂﬂ&p@dhdrﬁt&ﬁbied fromoverloading the
HPLC col um. This purified ar orrati c "standard" showed
t I ti
0049 e S By KRR R e Ben Bl pL romsheg it
high aspets whisi Thp edndhedspedt iratio 1€Jdrrefrlandsraf irerchdicight Greatdepth) tytrench
ercent of all ecules with at | east

width, rf‘é’r"g% atl'eglrghﬁ%chmtlpﬁ&t&mabﬁu{? 1108 O 5S MoBHRIONE to

develos b GRs alish phioce®Rd via | ong-duration carbon 13 NMR
eve OIZma l'ysis gl\%%llg% E easlier to calibrate than HPLC UV

100501 GESHRE ety riBI SRR HoF RETEIeL s Tor S 1R i Fressure i

maintafd€d BosuBdh¥gRdric ﬁé@s&w Ih @sptdific WRb&dieA!) Hedr@dude®@Bhg the
percent aronmatic carbon to percent ar omafi ¢ nol ecul es

(to be consistent with HPLC-UV d D 2007) by know ng
that 95-99% of the aromaties in highly saturated

| ubricant base oils were sibhgle-ring aromatics. High
power, |ong duration, and good baseline analysis were
needed to accurately nmeasur e aromatl cs down to O 2%

. o - A A L Y a S .
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cycl obutyl, cyclopentyl, cyclohexyl, cyclohcptyl,
decahydr onapht hal ene. oct ahydroperrt ai ene.

W@ penttgsdecan- 6- yl ) cycl ohexane, PCT/US2007/066149
3,7,10-tricycl ohexyl pent adccane,

_decah>'diC>]-(pentadecan-G-yignaplithalene and t he
depositjquipsocerpmay tanes et bavi §Pdioyclodessthantabout Tafets Yihaueh fhe

pressurgggﬂg%%g%ég g%ha‘e.lﬁ Wihid ? ﬁ{uﬁh ﬁaﬁow}gﬁ\%eg lth gorﬁ@%%g&ﬁ%nts the

group o ree to seven ring carbons or
temperamne isrvariaUirem tabait 408°G tdoattout §102Q, aitidugh tisd tagberature may be
. mopocyclic saturated_hydrocarbon group of three t

mamtalg%‘{)‘éfﬁxﬂ PRI S Jﬁﬁé‘ﬂ&%% %‘ﬁé"r‘%l?qf fHHie n&r%%?ﬁur&;?fﬁ? chamber
regulat@P fe@0 R Bersatashd §iHERHCOMdiRing PRoREs IRLAd BERGAib &R L rining

Represent ati ve exanpl es i1 nclude, but are not limted
processi gas. ¢he MIRR py the depoditet magdrial 44 nap databdyt oyrdessipeioy to

.cydoheptyl, (rentadecan-6-yl) cyel ohexane, and the
a“nea‘hpél'ke. Mol ecul es with mul ticyel oparaffinic

functionality mean any nolecule that is a fused
Exemplary Abfi¢atipg Mathedht ur at ed hydr ocarbon ring group of two

or nore fused rings any noiecuie that is substituted
[0051] WHi$) 50516ts Blic §UbERate Usesbratitletovey£bérfodsatltinied@Brding to an example

hydr ocar bon ring groups of two or nore fused rings, or

of one %ﬁ/fbe Aicaking @ethe?gﬁ of the prasentipyppien.wlbplebstarts wih therabstrate at
ycl i t A C 0 .
e TACENE B, S8 400 ULl 2 s SR g
This pdtyelr efth¢ plon nialy depregeatihe putatrareaitiyg isarndnneskng dchasBer and
. rings.. .The cycloparaffinie group nay be optionally

cominggq 58 dnpitighedyil ism@e3iedre substituents.

Represent ati ve exanpl es include, but are not limted
[0052] t oA\ fthe ciateytelrtbe aybistrita tangeratorstah e rapdrtd dheefivet arieal, temperature

1Q-tricyvel ohexyi pent adecane,
T (e-g-djgeéeﬁé@‘?{ St Cus Hhsdipe B%Pt)ndﬁ ap afalee{dhe ERwerffge ramp up
from T} 1ok§ (DR aB6 @00/ t5EBAR M 5*@uin dPfoRf)anchi ng _
properties of the base oils of the present invention
det.er m ned anal yzing sanple of oi.l wusi L
10053] ¢ Fifi S p BeRprate 5P f A5V Pristing ey in-sie
generatt@ SABPmAY 86 Bffoduliel (8 HIENGBStrab.t Brthisxhm@lcd8RGxlyBd &htaining
of the process provide details of the process Steps.

gas is iigrasyeed atdiver © (ageabsit {5 afterl ) wam thesulishpteitemperature is T,

ik S f n Pk QCESS. Ldentify. the.
s B BOERA H 460 QRSB kel IRt RSB v
the substEtai@nipeeathdEirdaches B .eeTuercand Boddyel | DX, D. T.
Pegg; MR Bendail, Journal of Magnetic Resonance 1982,

[0054] 48]?he§a?sft1fate}, Wh?(;h iyﬁﬁhis%re&l@ﬁes%%ﬁ%ﬁl AL1eCR BORS ials, is then
initiating’multiple branches (quaternary ca rbons

annealadsit tegnpeheurdAT yntil Sme $4@I1gs abeut(PaninuteS.akier t;)) Durdhg this time any

sams 5P e g on P Mo SERSTEn Sl B s e

being hEﬁé@g?en.,ciﬁI%dt\ﬁﬂﬁBS&é lfnhférigfsf.‘ NGHWPRE deb Al tl?é;%m'eﬁﬁ%ti? done at
usi ng tabul ated and cal cul ated val ues (L' ndeman,” L P.

lower tdoperatate, dfe r@ardion oAbk ygenAnth the sdiabn Sibstratstang oth8r ndBddide

1 '1245fﬂf Nei zeL D. A, et.alL Fuel, 60, 1981,

ayers igpslieSd. e anpl es: Branch NMR Chenical Shift (ppm
2-inethyl 22.7 3-methyl 19.3 or 11.4 4-neihy! 14.3 4

[0055] nektriymel @, the prysensantaming gas iDregnavied Elonacontach pyth thejsubstrate

200,20, 5 Adjacent. methyl.s.16.5 4) . Estimate relative
antil tof 54 SRR ERRreREAGRYpT a8y BB ok pER@iine
annealif © Oiaibe Boldhe the begtrateedt D&SHRredf(e. bhars@EasEd @,)).

carbon of the nethyl/al kyi group to the intensity of a
single carbon (which is equal to total integral/nunber
of carbons per nolecule in the mxture). For the

uni que case of the 2-nei hyl branch, where both the
term nal and the branch nethyl occur at the sane
resonance position, the intlensity was divided by two
before estimating the branching densi y f the 4-nethyl
branch fraction is calculated and tabulated its

ey N a o g, Y
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Preferably, the neasurenents are perforned using a
spectroneter having a magnet of 7.0 T or greater. In

wabkdo7asaes, after verification by Mass Spectr oPEL/D§2001M66149
or an NVR survey that aromatic carbons were absent,

spectral wdth for the 1 C NVR studi es was I|n1ted
[0056] t e%ttth@e%@ﬁ}h@pme O tinegyisohe temnsatug-of thephstyaie mpybe

e AT SO R0 o 3 o g Db

after ts)vohdnathe tighyr @mpermate amepalisg isiperfotrned . Tﬂdhlghieﬂl edfmlteﬁ?ature
n1nug%;e non- uni f or m_ i nt ensi éy data, the broadband
anneahﬁg BraoRe i b pEes %alba@aeﬁlfw PR €k - APy MR lesular, or
[ I
i 3288 SRR EBPA o ik BB 1P Y 5y LB g e

anneal.t Bhi® hipheMefipembae }a.m(dahng ac(tamedejlblzﬁyc thealid éaddie material in the

vench O S 80 BB oS Db A B R e e

temperdt@eORfedl! BB nfePatBRWYrhe sBSrakEMNYBe ABALYRH AoWRKE afﬁbl%ﬁt (e.g.,
carried out using a spectroneter having a magnet of

room tem@rafurg) anyt batanncalddrsubstiateimey bonsadan dyrthefr fesication steps for

ransi ents were acquired, enploying a 90
HMkH@é§E¥?%@3§ﬂr%ﬂT%§ a rel axati on decay of 4 seconds, and
acquisition time of 1.2 seconds. The DEPf and AFT
[0057] s dugcric edloneshert ddushetingouethadreframnerjingactdrdimgde gmbodiments of
r n viation I.b
the inv g%ﬁag’ﬁ% }lﬁlrsﬁ‘&tgcrl ‘i%eélleord;ki%fo 19(‘531 éeﬁ lPa?w&m%E Bstra‘tee 6dﬂhatrhas one or

more tréhchtOthat gBlftled withhdelearie ﬂiatélﬂél Rod. &ﬂicbﬁtlidkﬁﬁeT(SﬁDlgféié ). The
The DBPT 45 sequence gives a signal_ ail_ carbons bonded

dwlectlifompmﬁldﬁ@y q)@me@m thi iraches watr sty dgposior teglggques such
as che E@‘Q@g A he 4 Jlrpélll a}eti‘e%g'f O;H'Bcégg sP I%?g %&ﬂﬁwmlxtme

of tetratthos@dne CﬁlEOS)fanﬂIblzmtdO}l)—hlay be uged tb ldepbsqmﬂtoen fdéoxidsin the
and. CH are down. The sequepces .are usef ul |n t hat
gaps uslé\ﬂetP?F“!ﬂT Sdh Teqthsn exglwalfwlﬂs%cal sgapohcidengsityd in the

gaps ust r%{l:]lgi {@%%Qtd (g\r/] ]gu dq{lg’l ‘c‘lé ngarsfélqgf\g b r;lrg&hébélfher dﬁ:gosmon

techniqnesft er ences cit ed. The branchi ng properties of each

sanpl e were determ ned by CNVR using the assunption in
[0058] t M@eGa) %ﬂ%@%ﬁ&%’cetﬂ?@l thEDEnRASd & BrsP ﬁlﬂ{éla%(watﬁat includes heating

i so-paraffinie. Corrections were not made for
the subsiratatoed femperatura af Hothexaaple, ahiut HOAK)torrboet HIBER ipthe peasence of

th | i . th
an oy BRI S8 u e L gt bt 17 95 PrBHeR i wbout 30
minutes}P §€ bAdSGANe, (Hd Mpen caltiiMing A8 ANH-sBu lgbMeAbd SRk (BISEH) that is
nonoval ent hydrocarbon radi cal of one to six carbon

generatgd Byrghegeaciop o Ardregers@hl ped exyead (@z)aaaém a pxphysagandhe., Ha-
0,) tor{) aigklﬁga s%str%te a %al%%r gﬁb& %ﬂﬁer exdl Rfe? bt&a){%ﬂ eco@tlall%ﬁlng gas

ranches are ne I es of
includel gL &0(@),), - géﬁ@at&bﬁte:itm mﬁ@ﬂ nitfc 0gidOING),3ud Iﬁltﬁtﬁls oxide (N;0),
nmet hyl, ethyl, n-propyl, isopropyi, n- butyl |sobutyl
among QEhAsss. Tlile PEHESD COfﬁalﬁ@ﬁtgﬁ‘F may soipduds niKtureseiybifegnt
g exanples are included to further clarify
Oxygen-Elaﬁta rf?Ill\/ée%t [ %n but are not to be construed as
jtations on the scope of the inventjan l el

[0059] A O RABEROMGHIINE SASES RRYHCEFREPL Wi B»&a%ya%tﬂp%mng gas
e
(or gaséps?a‘. mF(?IQi'é%ﬁgﬂ L8y d%g&ﬁ!ﬁzb @%téogﬁﬁgg‘?aﬁcﬁ%ﬁ%)ﬁﬁéﬂt §§s slﬂbﬁ BQEéHhm
(He) orhagm (dir) mesrby p@,senlvassththd engeumnﬂamlﬂg/ghsotT&leﬁt gldescmb)adldt as
based FSscher-Tropsch wax by bycl roi sonepzati on
dewaxi ng, hydrofm shing, fractionating, and bl endi ng
to a viscosity target. The base oii had the properties
as sho in Table Il.MILTI-STEPANNEAL OF THIN FI LM5 FOR
FI LM DENSI FI CATI ON AND | MPROVED GAP- FI LL
CROSS- REFERENCES TO RELATER APPLI CATI ONS [0001] This
application clains the benefit of U S. Provisiona
Appllcatlon hb 60/ 790, 032 filed April 7, 2006, and

Ny p—— A A IR [ — ARI F=1 1| R AN P/ ~r< r~i 1 R A
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around the top corners of the trench). The weak seans
and voi ds create uneven regions of dielectric

wWeb@rattiesi stics in trench isolations, which aRVEUS®DY066149
i mpact the electrical characteristics of the adjacent

. devices _and can evyen result in device failure. [0006]
carrier ggsgs that Aow dessthes W@wa%@%mag gpginigthe @aﬂf@@ng leamber and
over thd&RREhiki on rate to a point were the dielectric

material evenly fills the trench fromthe bottom up
il

e this techni que .has shown sane effectiveness, it
10060] gL el i (hg PEF PSS S BTGRP EHRn s PR P Lehamsdn the
gaps. HOr egifblb ONwedK deamGRSYbe Prostsit att R JBichi&BYE tS dRIRERImARFal and
devi ce isol ation techniques that™ include the efficient
a sidewhll loff thedgrenfhésn tIdwe odpgangontaimang passhelpsastrengthen thehgem even at

nd/or elipinate voids.created in the.filled tre es.
anneal {Geipe i REer LREEET I AR B G SR RRiR g thf Siveen
containfridxak PORIOES BB siz8 GhdIEkh &VveRlimathtdVoiddogmbd Rotha dielectric

_substrate. The substrate may include a trench

materiafont ai ning a dielectric material. The nethod nay

i nclude the steps of annealing the substrate at a
[0061] f iThGtasigibe tahipsifuRfofaioitine (0., tofeatdd Ghtin SHOAC) helpsad drive out

. oxidizing environnent, or anbient. The nethod may al so

moistuseaf iRFECAEH H@aﬂrepﬁ@f offihe diglssiricapaengl. Floaeyer, @s noted above, the

. i C .
higher /fHEBEERE hRafthe ALALbrltitk of Brfndbpa itk fas PufsdREfen n
the gas itoxeactt wiokn ot idatidiegronsmbieeiels et heatts up theesubstedte, 3gclaas silicon (Si),

., Substrate with at | east one trench contai.ning
which igpestiaplee L & Pupid SRSREGRIgan Gl toreiidhtion o etheryer
icoR@Rtdr! i g reHipRlAGE e Fofthed
Sanwotrengﬁeggﬁg&ﬁgﬁﬁgggangigiﬁcpgégﬁ%he S?gggjgﬁhgﬁﬁég ?ﬁﬁm”
of oxygeheostaingtg gases.at a first tenperature of about 800 C or
nmore in a first atnosphere conprising an oxygen
[0062] CAREGHE bRABodiBRntsARE o APRE @bﬁtﬁﬂi%@sé&qjﬁ%‘ B@ﬁﬁrﬁé’d atdhe conclusion
second tenperature of about 800C to about 1400C in a
of the fissiconenl &0mby Slovrieg 4 nerkdxigen cyfein. §a8 (@hixEb ofigasestistoghe
t.he .i nvention al so incjude a net hod .of ealing a_ . .
anneal Gl ML RS AP ol % cRaffEl B 4Bl GRS B4 e cBrtaining
gas (or ghRbpGhy b€ s bETERling the ﬂoﬁ%kff‘%&ﬂ doRGlife SaskHe. S di? n@tfogen) as
anneal ing the substrate at a first tenperature o
the only gesgs flawme©venthgisubrtrago beinentxaey esiainiag grses maydlayen
C [ Di: e : ' i Ng.t
throug B0 MRS pfiToer K0l (38 BlS o hASk S58RpRY 814 S0
minuted)ad purpg thdexypebsbtainthgtgasa second tenperature from
about 900C to about 1100C to further anneal the

10063) 2 AES S 2 b e el LR R SO RRE P BEE B, S Bhond

anneal may edisleatmaimgaml thegnepesatlos of Bteesubsttate fdomlabastt 800ME to about

o TSN R P ELEAr RLSLL Sl S0 L,
minute§iif k}iaegiréé.eﬁcé'@ft(ﬁfeio"f‘ Indr&né6xfdeh Qﬁﬂainiﬂggﬁg. NOHS sd¥BYd anneal is

~I'nclude annealing the substTtate in atirst stage at
believed bouncregS0i@ie densaiy@d theldielodric matérzal prths gapseto afdensityegomparable

to therntfR RN GRRE Hothyer Bt PeBbh e Bere Bt piresh g in
the abs@ic$ PRieie8-doRfinih@E48s (1L, MnPrthmaRAhoselt@Bdckhtures, may oxidize
Enbodi ments of the invention still also include

materiaffe(eigo B3) vfthelggrowlls ang ahagiardag of thesubsimater i al on a
substrate, where the nmethods may include the steps of

[0064] prRefrtihggow td F&N T hariother M@ wehdas {lusfr&inganethddy dTiaAfealing
barrier | ayer in the trench before depositing the

accordigg {9 @abqdigepis o theanvegHor Heshewss Mathed 70faayichdasraviding a
further include annealing the dielectric material at a
first tenperature of about 800C or nore in a first
at nosphere conpri si ng wat € vapor, and annealing the
dielectric material at a second tenperature of about
800C to about 1400C in a second at nosphere | acking

. F A/ A N P T L o a1




—
(]

15

20

25

30

trenches. This is sonmetines referred to as oxide

"heal i ng" of the seans and voids in the dielectric
worenoenisgbe The | ower tenperature of the anneal PREEHR07/066149

t he oxygen fromreacting with the trench walls and

ot her portions of the silicon substrate to form

substrafgrthaidiap ableast ore g el frgncly) d@rmd i slepofiiec sungceral/ihe substrate

LA T e R O
more, épd. giter widenpitha pay may 0e BBAIt V0MGS; abhift 79tnin) GbbitetSaim tdi@ven

dielectric material and drive out noisture, both of
smalleryihetgap w@&é@qwt@aﬁggwf apout §&° prnere; 88 ° orpRpEs; 89° or more;
I t
or have@hggﬁtlaqlgﬁgailggégg&v%gﬁag rf;d\)/ri'ﬂ?%ﬂn %Qg@ﬁﬁnlgg:ﬁbg(? ‘?%Pr( {}{e%ﬂg& of the
gap. Fi#lxanpl e, substantially pure nitrogen (N2), a mxture
of nitrogen and noble gases (e.g., He, Ne, Ar, Xe) or
[0065] & THeRRAREY ndY, FytiHRH R 1R %1%119@5 bartfiP eﬂ'ﬁhﬁ% ﬁﬁ’ 'Rﬁtsthﬁ’tfprevents
envi ronnents” that [ack an oxfdi zing %
or slowe the mignatemtof meagting specien (4. gl,dwateedwmegms émrsgjtdnh amsealing

s fff"?ﬁefﬁ% 58 Wil the e TR Bt Lo hash P ayer st for iRl o

icon fiGdd (SR R§ed AR 1Hed RretRIBE AW RWIRH S Tk Gap | Eﬁm%lhﬁ%t
t he OX|dat|on of the silicon substrate.

includepethisknéss ot thei SBY lingreof dbetd 00 Aior lgsatabpinta] G mnlessh ebout 10A or
trenches may provi de a nunber of advantages over the
Orlglnally formed undensified material, including

ing the materials a slower wet etch rate

[0066] u@ér\v@mqr dayerdined gag) layey éﬁotbgm filed Wﬁhtardeelfq{@mﬁé@abw As
noted agﬁ% Gﬁ?%%ga%&nc grﬁlte{ilﬁglaé ?Iﬁ &# ngi?tﬂ% %}’ ﬁllﬁ?cichegst r%ay héHAkp

with a dl]lik&mrmhtamlm preturexd (6., (IEQS) and awekidetpedtursdt €e.$.40h,@;). The
fﬁﬁg of abouyt 10:1 or re). Likew se, undensi f i ed
gaped fifjedspbstrale may Hien padersy a g 1R 0% a{a%muéréﬁfsg .anme@hthat includes
nclf BSOS P, B o 5 AR B
water Valah‘er"ﬂhasl firseamned stagk may Helvendwobededt ahemgeran‘uré &ff 28)out 800°C or

B T S S O LT

about 1fhg[lfrpetg %09{3@191\1}{@%2 gaps at the tops of the trench
i sol atlons nbodi nents of the present

0 de t hods, of anneal,i.ng di el ec
10067] 1 e Mﬁﬁ%ﬁ% ARG SR s MR et g 4T g reed, and a
second VAT sth&ITP@N AAHERNABRAThe Beddd @XYGE Bf he Al Addiid\bntaining
envi ronnent with a higher tenperature anneal in a

substratguast erdang in sheaiioy@en of exxgenrsuch @ﬂmélmnlth@QSle)rﬁEhhnds
nduct nneal yst ens

enviror P Ot e PR A Rrber 1008 B0 Cdp goovt
1400°CAage abmtt@O@S(StaBHﬁt 100028 et ghd rdayshodgndacts€ ReMBbNC minute to 1

representation of an apparatus 100 that is suitable
hour (egeAbYHAOMPBPIFY- enbodi ments of the present invention.

The apparatus 100 conprises a process chanber 102 and
[0068] a Asfditianal ¢yeies b8 Ox ygparentadng mdvaxygen fedainddlbstéeps (not shown)

nponent s waf er handl ing robot 170, isolation
may als) e eoTmesatsh iR Hisamnrd ineebast 109 | sqwltl%%ﬁgge@weyﬂse

conduct%d q}&ttﬁé bere § 'OPE RRAn@thel A g%lﬁ]%@%re%qg ttlﬂ:aﬁstbeﬁﬁ%econd

di scl osed 1'h comon y assi gne
stages ahpypd, ioc ttey omy terrim foretiffnebt thoek ealdébr/@qapparaums. for
Heati ng and Cooling Substrates”, Ser. No. 09/396, 007,
Examples | ed on Sep. 15, 1999, and is incorporated herein by
reference. A brief description of the apparatus 100 is
gi ven bel ow. [0029] The apparatus 100 allows for rapid
heati ng and cooling of a substrate within a single
chanmber 102, which conprises a heating nechanism a
cool i ng mechani sm and a trlénsfer nechanismto transfer
a substrate 190 between the heating and the cooling
nechanlsns As shomn |n t he enbodlnent of F|g 1, the

I | . o

less, e

. o o
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radi ant energy assenbly 318 is positioned over and
coupl ed to wi ndow assenbly 317. The radi ant energy
was®eiitdige 318 i ncludes a plurality of |anps 31BCEHS1007/066149
nounted to a |light pipe 321. [0035] The RTP annealing
chanber 300 houses a substrate 320 supported around
[0069] | Refesaing payde Figs 82 ssappeg elestrongmzegerapfuianage of ﬂ@tectnc filled

trencheﬁoﬁﬁ{]rglebgtr%t% 'tllédt ?8{1 f&ﬁﬂg@ % yc %gm%ﬂ@%%}{-tfzﬁ‘lé)%r or.ffa { g%eaémg process

is showtny ITihe dédlectiacidg®sitior waid dpa lisitig 09 TEGR I&ARPtﬁilﬁt:esslﬁtSd te@perature
to rotate within the RTP chanber 300. 036] The
of 540" smnd prsssuns of POt ahrlaliqd sybetrpteas a@@eleri m;r dBeytrggen
stmos O o R B e PO PR AT aREuG bt it rench
from thédieft aridotmal Ihryl;e volnts aRT Eleaiynseah imthe aicdedie makial indheichiddla
it tenperature probes 370 positioned through
“Bndl@mE{% %ﬁf )5 of RTP anneal i ng chanber 300 to detect
the tenperature of the substrate 320. [0037] A gas
[0070] i Aligtd BEYsascawilp dedmnahicragtaphgmegé dedickeoimedilied grenches in a

he RTP annealing chamber 300. A .gas outl et
subsra S35 T8 Pl ‘o ORGP e 10 b BT 8 s Bresen
inv euuu“pl Fpﬁe (ﬁélgc‘f‘i@@@' @&lﬁ%ﬁéiuloﬁg WwHRIES s bilﬁ@f@ de@&id%gpn Fig. 8 above.
anneal i ng chanmber 300 gas outlet 368 is coupled

The amteel BTOQWQH@W@WQWE tlsertmm fidlgd hulmraw ay 880 @wm@tmeSphere

contalmnigne élﬁinﬁ-&%% Sfélﬁ’%a éi’l &ads %ltag %’%gffl pgzg PB{%S E-Lgl}e

annealih$) gises. NAdter the gufgrepme sebshgte 15 Q&i’e%]ed'ﬂ’ﬂ ﬁr}flﬁ&b ate080°qyfor 30
assenbly 318 preferably is configured so the | anps 319

minutes g ceBERY foegompargtireRugiarboyes ngWerk seamg or voids are
enment, above the surface area of the
dlscemalhgstrate %3%F gggthe support ring 362. The Ianps 319

are grouped in zones that may be i ndependentl

[0071] ¢ faving Jeseribed sevmipkemtadymeptait wilbesgeranized By e of skill in the
I

ot 3y RGN AR e 55 oDt O

departing fnem tRéZﬂpmt‘ ofttheinveutican tAckimengj/ly,aasmmﬁtﬂryof 38 .kand ipagtiesses

ene vided vi.a Light pjpes
and clefg3its ey bt B Sess AL Ry 1L gTeu e e Shtinglh Rigsent
inventié) %&S%Edl?r%l? thk QQ&‘\Q'] desQiptidh Bh&na st Béqtgké}mqﬁﬁﬂtmg % ddBYe of
be contro by a m croprocessor control
the invesiiomn) .  The ni croprocessor control | er may be one of
any form of general purpose conputer processor (CPU)

[0072] t Rabo, iR wWERLs USSR AR, "2B0 ngﬂéiﬁé r "ﬁkluﬁ@“ inﬂﬁhdflfgr " and "includes"
controlllng process chanpers as wel

when ugadin s spestinetion mrblndbﬁfvdﬂtoefrngmlylrrwsaée amndgdr fa spistidy the
o r

presencg%@{a%d f?;#ﬁl%s E}Etgég’g dc%ﬁp\%égn%% ggg b¥1t theg 39 ngp p%%lﬁd? the

presencfe oF mldlflmdbﬁ(bﬁeﬁdr n3dre be@e feah@Es intég’erd eﬂiﬁf)@nen‘néaﬁtbp&l ®r groups.
support circuits may be coupled to the CPU for
supporting the processor in a conventional nmanner.
Software routines as required may be stored in the
menory or executed by a second CPU that is renotely
| ocated. [0041] The process sequence routines are
executed after the substrate is positioned on the
pedestal . The software routines, when executed,
transformthe general purpose conputer intoa specific
process conmputer that controls the chanber operation
so that chanber annealing is performed. Alternatively,
the software routines may be perfornmed in hardware, as
an application specific integrated circuit or other
type of hardware inplenentation, or a conbination of
software and hardware. Exenplary Sem conductor Devices
[0042] Referring nowto Fi an exanple of a
dielectric filled trench ﬂgrned in a substrate that
may be anneal ed according to enbodi nents of the
|nvent|on |s shomn The trench |solat|on structure 400

AN r
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[0048] hi later stages of the HARP deposition after
the trench is substantially filled, the deposition
WO 2i02/11896 be i ncreased by increasing the concePCT/HS$I00T066149
of Si relative to B (e.g. a higher TECS to @B ratio)
u the space between the wafer and gas
‘VHAJH@J:L/ ﬁ g-plate (e.g., spacing of about 100 mls),
anong other adj ust nment s. "This allows the nore rapid
deposiiti on A0hefhBE oPBLRANR subMrhis Qoh?ﬁﬁﬁ%%%%n&y Srdihing a
production efficiency by decreasing eposition
dielectrid meteridl the, métapdPcanprosig: i ons may i ncl ude both a sl ower

depositio nthe s

achan eonselus edpbi B p T obPEesb Y Sharolt fadsfor more in a i

H&Besinptifing hdb 298taMeNgdshnd| gh rate results in
atnlOSpshorte? de%OS|$¥%%'tlﬁes 0049] HARP dep03|t|ons may

be advwerrelingesubyratertpiserdnddepperatiroeiabont 8¢02Qdn elout

Wit h_hi h asp t.i 0s, The trench aspect ratio is
1400C1Héls?° owol? ?‘Frenl%ﬂu%mﬁllgta (i.e., depth) to trench

wi dt h whéﬂs@h 4 EiBBEBISi W laferhd ghvitasiRe ahddraddtithe(delEotric material
about 6:1 or nore) are nore prone to devel op voi ds

in the tigneh.ng a gap fill process. [0050] In sone enbodi ments
of the deposltlon of dielectric material 418, the

pressyre ' %)% Cfﬁ’% r?tl @ﬁpreﬁ{ e %Q?%Jn %nﬂﬁrﬁﬁgc‘ HiSdmprises

In a speC| e pressu

smmn(Hh@ﬁmmusmkubmNprmﬂﬁﬁmmayukamge)fron1about 200 torr to
| ess than about 760 torr, although the pressure

profile na hi a.nuch_narrower ran

D one rpodthe e Faﬂﬂerv&rt%‘fhr Sy contah g pesisgmprises
in-situ g¥efatd st HSS@} PRfducd frha léQ:BnIbﬂ?cﬂn@@ﬁ@foﬁUfh?d @-ﬁ) and

i ntained wthin a narrower range. Regul ati ng

oxygent(Ompgasat ur e and pressure of the chanber regulates a
reacti on between the silicon-containing process gas

and tge onglze hﬁ?n ngoctsz%%gﬁﬁggggf@gggﬁg%
t he deposlt 8
n1trogeii) (Ngrh;tdﬁo@ﬂr(aaj hﬁ@o@@ml) aretiuﬁmealﬂeaﬂ Ve, hesbr @G 1&ypton

5 plots the substrate tenperature over a period
(K1), m@ﬁnﬂﬂﬁ%dbccordrng to an exanpl e of one of the
anneal i ng nmet hods of the present invention. The pl ot
startg wt -
bout 24000y} BRI e, PhelchBER AU Gmldkphfieompriscs
nitrogem (61} hyido genr{Hk, o apnmohiv (LNI-I)jO,rHeilium (®fe),trieen pNE), Agon (Ar), krypton
repre % the substrate sitting in an annealing
(Kx), m@ﬁﬁﬁ% ®and coming to an initial equilibrium
tenperature T1l. [0052] After tinme tl s the substrate
tenpepat ur enSinelRd'oXIcREd 1t Gkl thi Et%stlﬁfér@ﬁépt at the first
tenperature T3 (e.g., about 8000C) at tine t3. The
temperatingdor dogePemimitesn the rate of the tenperature ranp up
fromTl to T3 (e g , about 4C7n1n to about 15C/m n or

oxygeh contht AebigaaRstalE 1 AMBelPul Ry GIRTH ialffud deoe

temperdtine fOC€abiont @ aHiaek. t O the subst rat e. In this exanple,
the oxygen containing gas is introduced at tine t2

(e.g about 15 min after % when t he substrate .
t enpefat ur &h¢ Bethpdof clpim 1aWereinsho Giest tempergireds about 900°C.
exanpl es, the oxygen containing gas may be introduced
at when th 2
2 3 B 1 "SR B TP R CH e SR AT Emlpatle i€ aboul
900°C.i ncl udes trenches filled with dielectric materials, is
then anneal ed at tenperature T3 until tinme t4 (e.qg.,
about 30 mnutes after t3) . During this tinme any
seans or voids formed during the deposition of the
dielectric material in the trenches are being heal ed
(i.e., filled with oxide materials). However, because
the annealing is done at Iléwer tenperature, the
reaction of oxygen with the silicon substrate and
other non- oxrde Iayers |s reduced [0055] At tinme t4

T e
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hi gher tenperature annealing in the presence of oxygen
contai ni ng gas causes the oxygen in the gas to react
waraonisiddat i on prone materials that nmake up tPE/US2007/066149
substrate, such as silicon (Si), which is undesirable.
Thus, to avoid substrate oxidation (and the oxidation

O e 2 e PRSP R bbbt e

ratio of QN &%Recfrf%%@cbﬁ'él R§ tlﬁzﬁﬁglsoxuiqu G8duti 09 W¥TEn&EPOdi nent s t he
oxygen contai ni ng gases may be purged at the

conclusion of the first anneal_606]g¥ flow ng a
non- oxXygen Themeghad gfgtpifnds Whicseiny péerthe gangabing Btrtho s¢dead
e Ve te hi .one ,
temper:?ﬁlga, ?lktvg\?vletoﬁpz?% ra‘rﬁ% ?té n&lce:lgcgtftg %ﬂa@é:%aﬁ g)atzle al ox1de é%jl qﬁ;ﬁ? 2:1 or
less. be shut off IeaV|ng t he non-oxygen contalnlng gases
(e.g., dry nitrogen) as the only gases flow ng over
t he substrate The non- oxygen contalnlng gases. may
f1 ow Rr oudhe meghodrpfelaimilg Whgsinbe reérct%@atenalscompnses
ilicon BloMHeeS t0 about 75 mnutes (e.g., about 60 m nutes)
stieon 8 g%rge t he oxygen-contai ni ng gas [ 0063] The second
anneal may be perforned 608 follow ng the purge 606.

tenperature of the substrate frontabout SOOC to about

1100 500) . a m nut e
ab out mq’nﬁpleegl L(’l otlé: aim Jj, 5 Ofei t%&%rﬁﬁélbgas apraslee%ra%o of about
r1ormm@sence of one or nore non-oxygen containi ng gases.
This second anneal is believed to increase the density
of the dielectric material in the gaps to a density
conpadabl e The methadraficiajmds Bhere G dienelt kas a trpsrangle, of about
or&gts hi gher tenperature anneal was perfornmed in the
sence of oxygen-containing gases (e.g., stean) that,
at those tenperatures, may oxidize materi al s (e.g
Si) |16t he Thametirld of chuid 161 Wwherchr thatremth iadse lmttbmtahatsﬁiewalls
64 ef e nowto Fig. 7, another flowchart
that fo Q$§Eg§t é Wgﬁhods of annealing according to
enbodi ments of the invention is shown. Method 700 may
i ncl ude. pr oy diefdddTelihnaelchtthe QRfechic heRkI 19"‘@1?6 Q@H&h is
(i.e., trench) fornmed in a deposition surface of
depositedibsing atlentiod, vaporedegagitiomyr hspie-oanlielsgine techuitilo of
about 6 1 or nore; about 7:1 or nore; about 8:1 or
nor e, The. wi dth of e .about 90 nm. .
about 150° n menS et SR S biul Bndill 2 Hend otfRining o
dielectritembtfsl ed rﬁéth@dtccaimtsalgaf about 87 or nore; 88 or

more; 89 or nore; have substantlalléc%zrallel o
si dewnannesling the Sﬂbsrtlrﬁealﬁ 2y plr taeerh pleauy 89 tahogth00°C in the

Jhe gap. Fill [0065] The method may further
pmmmw?%%l eg%%rh?ﬁg a barrier layer in the gap 704 that

pr eveaiirseabitig tle@ubstiaieinni sgeaid stugeaf a (edgiitine fBjpeabas 800°C to

ﬁewﬁl wat er vapor) present during the annealing steps
about 149Q )k, ip @1 @fmerphetiedhat d4eks fedatenNapgh subst rat e.  The

barri

(Si N Wlilg{;eg%/?%l 08y 1:&2(15815% 1@%%@61%1 gﬁdﬁl‘léa't i dﬁglé&égﬁnﬁtenal
in the tgagh. Enbodlnents include a thickness for the SiN |iner

of about ICEA or | ess, about 5gA or Iess, about | QA or

| ess, 006 e. barier |ayer ned ga

e 171 | edPGREEC oA SRRy WRCr s Maler Yot Toeer APy -
situ ger@ﬂ@é(ﬁstedn'ﬂ aS8GY bRsdut s from a&ohusts ©hdtioadT h?éﬁ'o@&l @09 and

gap fill process may be HARP with a silicon

OXygent(@rzl)t%Snl ng precursor (e.g., TEOS) and an oxide

precursor (e.g., @2, ) . " The gaped filled substrate

may then undergo a first stage 708 of a nulti-step

anneal that includes annealing the dielectric materi al

in the presence of an oxy en cont ai ni ng conpound such

as water vapor. This first Tanneal stage may be

conducted at a tenperature of about 8000C or nore

(e 9., about 9000C about 10000C etc) and may be

T 1 ..
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wherein a silicon nitride |ayer is positioned
underneath the dielectric material in the trench. 2.
wab@7nstipod of claim 1, wherein the oxygen conR@i/baeg7/066149
gas conprises steam (H20), nitric oxide (NO, or
nitrous oxide (N2O . 3. The nmethod of claim 1, wherein
t he oxygen_contai ni ng. gas conprjses in-sjtu generated
st eam?Pi ssdfe me&m%g‘&laem&& whesiilie pirgsphers S eksater
Bydregen s nand oxygen (Q2) gas. 4. The net hod of
qunoc%%ﬁn1l, ﬁ#é#g?ﬁ the first atnosphere conprises
nitrogen (N2), hydrogen (H2), ammonia (NH3), helium
(He) , 2heon Thdeletholrafotrith AB) whimeinthe first knd second stegon
Xe).. 5. thod of claim1, wherein the second
tmnp“%?ﬁ%§ﬁﬁ@?§8§6ﬂgrises nitrogen (N2), hydrogen (H2),
anmoni a (NH3), helium (He), neon (Ne), Argon (Ar),
krypt gp. ( KiThe nf@thod&TRhih{8) whéreinkhe fifg siagelhaf a @lratidh df about
_wherein the substrate is kept at the first tenperature
30 mingtgs. about 30 minutes. 7. The nethod of claimi1,
wherein the substrate is kept at the second
t enperat ur el - ' . .
claim ? Wﬁ‘ lelé g{eﬁ toogtc}a?@slgl ?'}eizrzrl‘gglrtg E"f"gﬁ‘?% %g%?a (g%?)t&m of

about 39.miftkes.nmet hod of claim 1, wherein the second
tenperature is about 900 C. 10. The nethod of claim1,

wherein, prjor to the anneal|ng, etch rate ratjo

of t hé*di effbemﬂm?g@almgﬁ: whoindfrdielesiticmeieRalipptpnses
silicon 8ad. or nore. 11. The nethod of claim1, wherein,

after the annealing at the second tenperature, a wet

etch rate ratio of the dielectric material to thernal

oxi de2fs afBbemethod:of ctaim|18s wherein th¥ bebstratelrompoisessiilidom

1, wherein the dielectric material conprises silicon

di oxi de. 13. The od. .of cl.ai m. '

subst ?gt e c%orrrrlf) r |0cs1 gorg agshoglltlclzolg A .dle?%&c}'ﬁlg Ygri]rlg[ %lbg S%tg?r%ﬁeaﬁhrenmeth()d
compridingwherein the trench has an aspect ratio of about 7:1

or nore. ' 15. The nethod of claim1l, wherein the trench

has aPFyEinRg afghe Brthebskaley or nore. 16. The net hod

o oes i TATRLPBE B IR FLRNSAEAE R, A AT RG e matcria
on the subtthnet of claim 1, wherein the dielectric material in

the trench i s deposited using chem cal vapor R
depos PRREHNS theglidpstric Bitegibptacitst tempeRts ghiebou 800" or more
: j S te conprising a trench
1nafh%§%?§?%§%§ agggggg%F?W%Rﬁh%ggial, t he net hod
conpr asnaating thenketdtrigntateeiabathistec@atdetempemature oSabost 3YEC to
apout 800C to about .1000C in the presence of water
sbout 130088 A et oG EHEMBTEEE PE | h & second st age
at a tenperature from about 800C to about HOO C in an
at nospher e Thhaleth RG22 Wvh&einB® BirmrieMA§E doyRises silicon
silicon nitride |ayer is positioned underneath the
nitride grdethe dialdcgriqmapigripladompriseshsilicaneaxéde. 19. The met hod of
claim 18, wherein the water vapor is generated by
i nsityeggen e t (1,25 .
conbu g § ion %?lgg%e?tll ogdn(ﬁ%m Hﬁyzgr g’égﬁfn‘(}rﬂé ?I?Sg %{]f[ %?9%% F}en‘tp&a)ture 18
900°C.gas. 20. The nethod of claim 18, wherein the atnosphere
that | acks water vapor conprises nitrogen (N2) . 2 1.
The nethod of claim 18, wherein the first and second
stage tenperature is about 900C. 22. The nethod of
claim 18, wherein the first stage has a duration of
about 30 m nutes. 23. The nethod of claim 18, wherein
the second stage has a duration of about 30 m nutes.
24. The nethod of claim 18, wherein the dielectric
mat eri al conprises silicon oxide. 25. The nethod of
claim 18, wherein the substrate conprises silicon. 26.
A nmet hod of depositing a dielectric material on a
substrate, the nethod conpid sing: providing a trench
in the substrate; formng a barrier |layer in the
trench before depositing the dielectric material on

" s 1 .. I | - " N1 I ) o, o



