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W t hout i npairnment of imune responses to system c infection (Brinkmann et
al, Transplantation, 72:764-769, 2001;-1Bri nkmann et al, Transplant Proc,

33: 530- 531, 2001). That agonism of endothelial SIPl receptors has a broader
role in pronoting vascular integrity is supported by work inplicating the
SIPlI receptor in capillary integrity in nouse skin and lung (Sanna et al,
Nat Chem Bi ol , 2:434-441, 2006). Vascular integrity can be conprom sed by

i nfl ammat ory processes, for exanple as may derive fromsepsis, mjor trauna
and surgery so as to lead to acute lung injury or respiratory distress
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In clinical trials, FTY720 elicited an adverse event {i.e., transient
asynptonmati c bradycardia) due to its agonismof the S1P3 receptor (Budde et
al, J. AwoSom/o2Maphrol , 13:1073-1083, 2002; Sanna et alpcTdiS2@00b49Chem ,
279: 13839- 13848, 2004; Ogawa et al, BBRC, 361:621-628, 2007).FTY720 has
been reported to have therapeutic eff| cacy in_at least: a rat nodel for
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2003; Webbawge adil$ch1Neunummuel WﬁféBBth&iﬂereQﬁ)Gﬁs Rawshh agthipakd, J.
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16: 283- 28%he 2Q0Qfer Bahat 08; @hvahg Bhai ne chuBdat 1oy ¢Ae3Q41318E,
2007). Furthernore, FTY720 has been found to have therapeutic efficacy for
multiple sclerosis in clinical trials. In Phase Il clinical trials for

rel apsing-remtting nultiple sclerosis2-FTY720 was found to reduce the
nunber of |esions detected by magnetic resonance imaging (MRl) and clinical
di sease activity in patients with nultiple sclerosis (Kappos et al, N Engl
J. Med., 355:1 124-1 140, 2006; Martini et al, Expert Opin. Investig.
Drugs, 16:505-518, 2007; Zhang et al, Mni-Reviews in Medicinal Chemstry,
7:845-850, 2007; Brinkmann, Pharmacol ogy & Therapeutics, 115:84-105, 2007).
FTY720 is currently in Phase I I studl es of rem tt| ng- reI ap5| ng multiple
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Opht hal nol . 126(10), 1390, 2008). It has been reported that treatnment with
FTY720 relieved ovariectony-induced osteoporosis in mce by reducing the
nunber ofwoabuwme4mst eocl asts attached to the bone surfaeeT/Ush@9odatoal

provi ded evidence that SIP controled the mgratory behavi our of osteocl ast
precursors, dynam cally regul ating bone m neral honeostasis (Ishii et al.,
Nat ure, adf¢SREeUBHRFALY phBIMRESL Podasg HasriRryiopoglement. While the
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Sauer. et al, J. Bi.ol
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hyper pr ol keratinocytes, at the entrancge to the ha ol l,icle,
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signifi canrapafmng%hefr@nf aheonfesm‘staweh(aa(omgkeét:ma:ht; Ber rt@teolhmg)pom
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to have therapeutic e icacy inin I ting pathol ogi ¢ angi ogenesi such as
that as nHgf®Ecearyien t}@ortheeveﬁeméml wafgus ti on of angi ogenesis by
FTY720 ispboppht 10 dHy hV%o%.QQBb§HbP£ LPeosd FiIagq;e%;HQieJo%det rBlehed-

Biol. Chem, 282;9082-90 007; Schmd et al, J. Bi ochem,
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mel anoma H;al\/bntagne et a ,,C%?cer Res., 66;221-231, 2006 FTY720 has been
report ed h40R e hePapedEFEraRts caty i iusPHIfd rBH infddYat iof
hepat ocel I:athlaera:taxm n(amoébeetbé ayrf@cen. oflam:aefh Re:aferll 84S 8B er2005) .
It has be gﬂg d.ed 1hat a ggpogl stlgatl L FTY720 to.m ce potently

bl ocked V uced vascu yperrrea i T ? ei nﬁ Ffaﬁ?rﬁ??)fess associ at ed
wi t h angi B@éﬁ%s&’@’lMARﬁif Iﬁhﬁﬁﬁl ANVENRTOpat hoI ogl cal conditions such as
sepsis, h an ol_j I e I Bi.ol hem
376047}, NISHP, ooossmett el ShaTibne PR URE el snchi Tl yast
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Al though they iakeneibaCldets rad19e! AYd Ny SURRLEEILRY AR, and
rejection, classical inmmnosuppressants such as cyclosporin A and IgK506 are

known to LBIRe SERNSTSRPTENAGREIRE (Wi BRf Blae sTedet iRT rPaTRSHT eSS @i ty,

neur ot oxi Rédtind 3'e(l%h1lent:0>§‘hcﬁirit§écﬁndlgﬁ§ﬁr aiHat estaded onli *e@fbekt . Theee is
an unnet need in %ﬁ.n anspl ant a.tl on for an i mTUI’]OS\SA)rg essant Wi t hout

these si dePRIFRHS ing &% S A SRESE Rindtiter iqm, d&5iFaRaYi on
w th a classecalnelmigsosuppmwaseant chetienhi bbrhpf\gsmggr afi Cb“bd;f Havdng,

alloantig cel | tot fted tissue, e roIo i.ng graft
survival . 8&%’%%5 Seen gvvnnt a\zl%e hsélrrafpgﬁﬁ c I caf1 "’t‘?‘&ﬁgm ant
rej ecti onphefdéraslya nenmowelrtapy iandthe syaecdgpst ichaobelsi nad i ohaw tleas

cl assi cal o4, HPP Sale I 05pO ngd. . an
NMIOR i nhi %{I,'[OI’) Itp‘hi beenmlgnh%v%/lnéqkﬂgt 9!3% iﬁ Ekﬁn%%géﬁg%ﬁ%l%ngl

i mmnosup’BYe@é’ﬁtaé‘tcy’E‘F%"s porRRSAST FKENBN atdeRARR a HING 26 Lems nEf feadpef or
prol ongi Ngogt S t sstifdde/ abt WehdowhreAdUakPde gENCFRL IHAHPBASUPRHES $aRy and
this difference in drug action is believed to be relevant to the synergism
observed for the conbination (Brinkmann et al, Transplant Proc, 33:530-531,
2001; Brinkmann et al, Transplantatiom3-72: 764-769, 2001) . Agoni sm of the
SI Pl receptor has been reported to have therapeutic efficacy for prolonging
all ograft survival in nouse and rat skin allograft nodels (Lima et al.,
Transpl ant Proc, 36:1015-1017, 2004; Yan et al, Bioorg. &wed. Chem Lett.,
16: 3679- 3683, 2006). FTY720 has been reported to have therapeutic efficacy
for prolonging allograft survival in a rat cardiac allograft nodel (Suzuki
et al, Transpl. Irmunol 4 252 255 1996) FTY720 has been reported to act
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SI Pl receptor, AUY954, in conbination with a subtherapeutic dose of RADOO
(Certican/Everolinmus, an nfTOR inhibitor) can prolong rat cardiac all ograft
survi val wBanoan4aB, Chem stry &Biol ogy, 13:1227-1234, PO0A)S20000043T1 at
smal | bowel allograft nodel, FTY720 has been reported to act
synergistically with cyclosporin A to prolong small bowel allograft

survi val E3skigandadt 2§, ™PHRREEI akAYighofhe 13epsingeselepmm)  wily7 Xdrehas

been repobbedoh 0shayact herapsid i Bo&f f deaeycip @oﬁ@uaﬁti%erthgr afdacRdel (Fu
et al, Tragggl antation, 73:.1425-1430, 2002; Liu et al, crosurgery,

27:300- 303:°3987) andPPn Y udf uERRg REREN FRTRICTeldRSIEBPLY Rdite 2no
det ri ment plueéfeoy sobrwdfiemmaoldiey fregtbhonafdraongf et @lppdAerinc aachour nal

of Transp at.i . 7:2031- 2038, 2007 ETY720 has. been reporte reduce
t he noci clé'%F%]\:/eh Oigc}]lan\ﬂ o’fregllr?ljt'he’Es?Sg’r YRTREr \S/Iép?%ﬁb%rlys n%cga@ter%grtongt?ﬁgpgt hi ¢
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Journal ofufplidlgr BRd MBLgCul dlodiedleleagabils) @93 t0dh AO0L, BEY/20
has been reported to inpalr initiation of nurihe contact hypersensitivity
(CHS). Adstbei bedyr aashen-plananuspzedakyipl body oelriesf demghickneseat ed
wi th FTY720dpni0gef heqsensidd 2ahioan RReSA: pRSrdhsddiall YiNoanay eaghke

i nduci ng CHS responsein recipients (D, Nakashima et al., J. Investigative
Der nat ol of¥yffavHiaes ingsgsdsuanceopg) hept FeadBekioR epBr g tMemtica
prophyl acti ge @t 2dn aghidligh redd o dr FIAARH. 1 pedk@b1bNr &8 tdgReqatweek) ,
conpl ete:zg revented t he devel opnent of expe‘rai nment al aut oi nmune nyast heni a
gravis ( R%fm‘-i‘]n BB B HiTe PIEVSThonb et BF2CHEIDI oI €EF R PRBFMEBULI cal
Bul | eti n, a?B{¥)ary’ 36ed30i02000) .tHen ooe enbddceentf, the pagsentcardenti on

enconpassges. conpounds ich.are oni sts .of the Sl P|. receptor havi
sel ectivity over 1hreec§¥%3 ?’égéptglg? T%él%‘flsfsr e&gpt {5]?6 a%cg‘s%ota hg?‘%ltPl
J.

receptor, lbeatimen directly inplicated in bradycardi a (Sanna et al., .

Biol . Chefyeodr9: 3383951348, 2004 SLEL, reqspLar a0pplst, sel eglive
over at |east the SIP3 receptor has advantages’ over curren ]f%erapl €s by
virtue of thﬂr@ﬂhmqmm ike wWsrRfbwo atdmpeingg tieetficar fiagiterabisiichy wi t h
hi gher dogingoaRtgt RIS +RPr Qg seffiCaCYcAsd hﬁéﬁp%nif-@}‘?nipcry%?ﬂt negdyention
enconpasses compounds which are agonists of the S| Pl receptor and which
exhi bit nbr¥SkGsatvesn ythe atdfsd t i enr agpearthe. @A r ecepber

agoni sts ase-prafdd bectsmakultapbewert £ONMdidd oass WL SURRr @Seirpaiof the
i nmune system or agonismqof the SIPl receptor is in order, such as di seases

and di sor HeT+STEYi%t EA7 bR ISPhpRBc S8, t7 afSHPLRFAFE] &Hedn, CAHRST nRfine

di seases aod-uhisfrte rtsmpeiftarenidasy rdbaeasesiandhdi sardessanandncendi ti ons
t hat havetgn suunrdtﬁarclé'io'%gt ef ec in_vascular integrity or that relate to

angi ogene5|% such as ‘may Be pa?ﬁo?%ﬁ’f%e.r‘l n one enbodi nent, the present

i nvent i onleft@npas gesfwripounalspedti cbf atbeadaneatsonf prbei8kRl meebedtsor
havi ng go . physi propert n i.0{.0qi cal tivities, an

havi ng angfeif P%gglg%/éelnrgis%ﬁ%si S %‘ubrﬁs%tgﬁotfa%%or%l eatch ?ﬁ%? 8%p%(r:|to?3 9
conmpoundstig t kngentign ydesinakd yS|ipicludespttbe. sCepat o6n moingmpgr eher ence

throughoufotdli $a AR | SRt OfatSr U r iR P&L ARL Wolas,a318,2dW $5ipRLhat

such reference is prior art to the present application. §UMVARYS%§STHE
| NVENTI ONVIHRLhr@ sek e T hrditiingn te9dorp £Ss dhec sapsirts anfl FsPREFA £F) aand
phar maceut b5 ad e AeC &fFt ablee c_&&|rti§r,SQhéaEgﬁri&n%mﬂ{Ftv%ﬁqﬁi eekrmyher ei n:
mis 1 or 2'n|slor_217_1_Y|s N or 1;E£S,NorCR;W|s or CR5; Ra i1s
H or C, - C&MY§HaNSR, WREN IR cagly WATSFanRLdiry ndegdntent | yTR&| BEEEESf r om

t he groupdesnsitsity nglsef HhcXRdeLolad koxgp &F - RBatlikyl a GbtE6malskyifageno, C

-C6 al kyl spl yl .- | kyl thi o, carboxam de, cyanq, .C3-C7 cvcl pal koxy,
C3-C7 cyc(?%alft%gl ,waCE%-rCGCgﬁ% (l)é?kosfy, tl&?at C%‘ eﬁg} (;dtaﬁ‘?ny%lt%aeldog%}rll@‘?%}f e ggryl ,
and het erozfes ydarnilear aiadntheng t6 whkgts aatd & GXewd teak \temperedalre .
optional | Sthiu it h e - C I ; RS ected
fromthe ‘zrrl%%% Eg%sﬁgcﬁe\r%‘g? O?Pﬂ, an:is- CGe alg%/?ﬂ%é, (%%anFE?Fgﬂ?f o%fla,%t%@gno,
C3- C7 cycddHteq | may) beeaprilogikyHe, affiesferthehetmrend/| Sunfrretet ef okhel yl .
One aspecta@ird hgs pr Eéfﬁnbxiaﬁ\g%‘; i %P FRIYmaings 4 aUPrunsgs eheFekpekaa(! a)
and pharmaceutically acceptable salts, solvates, and hydrates thereof:
wherein: mis 1 or 2; nis 1 or 2; Yis Nor CRl; Zis Nor CR4; Wis N or
CR5; Rl, R2, R3, and R4 are each indepéndently selected fromthe group
consisting of H Q- C6 alkoxy, @QC 6 alkyl, @QC 6 alkylamno, QC 6

al kyl sul fonyl, Q C 6 al kylthi o, carboxam de, cyano, C3-C7 cycl oal koxy,
C3-C7 cycloal kyl, C -C6 hal oal koxy, C -C6 hal oal kyl, hal ogen, heteroaryl,
and heterocyclyl, wherein the QC 6 alkyl and G -C6 al koxy are each
optionally substituted with one C3-C7 cycl oal kyl group; and



R5 is selected fromthe group consisting of H G -C6 al kyl, cyano, C3-C7
cycl oal kyl, Q - C6 hal oal kyl, hal ogen, and heterocyclyl. The present
i nvent i orwenowmpasises conpounds which are Sl Pl recept or pagarszewso4savi ng at
| east i nmmunosuppressive, anti-inflammtory and/or henostatic activities,
e.g. by virtue of nodul ating | eukocyte trafficking, sequestering
| ynphocyt 88T f#C€2condiPy ThgnphReterd i 866esdingd/ter BRRSIN&SRECFasell &he
integrityin®bitideCHOIwaARY Slay BeCbuwiURuE PG @M HNedEVeaiPp16andi tions
wher e suppr essjon of the immggd%yst_em or agonismof the SIPl receptor is

i

in order, TSACH*YR §P§E58es ah ST A8r © Sat B by SARSHdyt 88, heat
transpl antrapsfet | dromautiod naterdi sepshsr afd dtBer derfeyr Nkl emimt eayh

di seases i sorders (e.d. cute_.and_chronic_infl ammator ondi tiqns),
cancer, aﬁgg%ghdi tpéjo(fﬁs éﬂ%%%aa{)\?lé"antlﬁ%dg?ﬂﬁ% 8%?5@?%%‘3!18&’3?% ?egri ty
or that atheassdirat edrwith aayi dgesesi sasutdllas rmympbespaesol fogt c the. g. ,
as may oc _h 4 : i t el QRED a rQscl erosis). Such
conditi onggl\?\htéljrillef%dplp esgll gr@]agf H?ﬁ{elsggn%[méne sysibﬁggfe %ggéﬁqém of the Sl Pl
recept or i{803Hl or derYstnchodeher serares-tandf di gor démyemsdpat eprdpyides  a

| ymphocyt gsrefopditiops t hat,daue %&ﬂ@ieréa/é&qﬁql@ ecs tﬂigagggéé% of

integrity, autoinmune di seases and disorders, Inflrammatory d ases and

di sorder st@. gRVeatrR HRPICIHVN clrairdermeoryodondryings)opPraaite lyr
chroni c rehechd 0Bopf at@l Isot oS Sie fHceOldrfh 04 0@BRELAL Sxi8S X tehaSng

i ncl udi ng gsorl atic arthritis and rheumatoid arthritis, diabetes i anquI ng
type | di 3BEYER WRHyEPP naRRnBoHFeRask fACEdi ngPRuFePprErsarer 8§ she
iscEem: a- be@;er;;yﬁ@temiﬁj HaY ia_nc;]}c,liui}armrfyertaﬂ kﬁﬂdﬁéw'di 8&ch |su8h pocket

i schem a-yeperfusion injury, i ammt ory skin disease including psoriasis,
at opi c degl?r‘éjtxilqias %%ﬁlé}%‘?fe%/l h‘?%@'r'p%ef é%lea‘i’i%rgl}i ﬁ”agieisg S@a]chc%&ﬁ%ﬁé acne,
i nf! ammat 0oyt tm_mﬁenjikslaasaasi raclptldairagieyohﬁ' sPdés@mm(bndjceejtaph)gein
CONILIS, gYRLEMLE LEPURCLUIBIBLOP! Ga1 25 LOMBr o UXELET $naMaRaLA) gy

al l ergy, atherosclerosis, “brarn inflamration I nc adi ng Al zherner' §%dsease
and br ai nof nthanwater ycaeatey onthio| prwi vy ionsurreting daiptednjtor gngegnt r al
nervous sysd&dn HRBasedACldil Ngr SRhNahigeOE i i ¥e T a£EEEDLA! 1 NERRCLI ON,
pat hol ogi ¢ angi ogenesi s i ncluding as may occur in primary and netastatic
tunor gr oRPFEeY heuhlit Brathe nerriained fsdigwe raxnasdiegtares help to

at her oscl @ifFhSze CARRActCNHERNEeRUl tHNAIAGEI SBRSELhACWLrd MNGHdN] ¥hY,

acute respirat o%%/? di se]g][se s%((gd oge, sepsi.s, and the like. One aspect of the
present i RVERTGR ettt ns? bﬁ P e A1caI TR s | 6RRESTHr 18 hea

conpound péckdre. pr esBrsd nedifeicas and atphar neeedit i oal [praetept abkeer

carrier. f .the present invention pertains to nethods for
treating %g?eg%#g"ge g‘élslt(gglrg 6d WIn°% ht:heSItﬂp F@Egﬁf"SrO%nen%‘ivhadlé‘?ﬁ ‘dual
conpri si n§oLRi ni stireiseg and bhbernfieatduat amd redchritaeresofwidl be more

t her apeut ] |y ef i a t a d he present .i ngention or
a phar rrac%%%ic I gg)%gsel}ﬁt%i o?@ﬁer%&?. c%%gqgggecgéﬁ%mf%tgl%r} esen ;fr?\]f‘éhti on
pertai ns polowt Hedkerf dn crrauvnagiem witPl thecdprviagsoci ated disorder in an

i ndi vi duagr EVHESKIFISTION BESYEE | Bighwadde individual in need thereof a

therapeutically effective anount of a conpound of the present invention or
a phar macBR1¥al cdifositi df t AerdaPlibiedasprdiemsitichespeebenal i Mient i on
pertains &&imtihdschonitdBavhpera dipsRasodl Mafdels B4l aledB¥nce

| ynphocytes .in an individual conprising adm nistering to the individual in
need t her®bf? £ANEFRPEITEREI Py BRF Y 1Pount of a conpound of the
present i poErdli on @rca phatgmeediagabhm@@BpeOStbpopiIbherngeiv dhesagspeet of
the present_inventi .nljipleﬁhai ns to nmethods for treating an autoi nmmune

a

di sease of>disor d&F PR TRE!S i%i hg admini stering to the
i ndi vi dualo0xslneed Fizlber aofisaat iengpnentacya) | §isffanidvnie a@mtibnal &ieenpound

of the pr i ti. r,a.ph ceutical co ition thereof.. One_aspect
of the Brgsen a}ln%v\{l ntlllg% gé?t égng&gg r%ét%%%lscrflor?"@?tr%eeat“i §raﬁairﬁflf95rrﬁﬁt olroy
di sease ofomliwnsitden wathnai walfer dual conprising administering to the

i ndi vidual in need thereof a therapeutically effective anount of a conpound
of the present invention or a pharnmaceutical conposition thereof. One
aspect of the present invention pertains to nethods for treating a

m crobial or viral infection or diseas&-in an individual conprising

adm nistering to the individual in need thereof a therapeutically effective
anount of a conpound of the present invention or a pharnmaceuti cal
conposition thereof. One aspect of the present invention pertains to

nmet hods for treating cancer in an individual conprising adm nistering to
the individual in need thereof a therapeutically effective anmount of a
conpound of the present invention or a pharnmaceutical conposition thereof.
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ul cerative colitis, type |I diabetes, and acne. One aspect of the present

i nvention pertains to nethods for treating psoriasis in an individual
conpri si yoadmymisBeri ng to the individual in need ther@off/ts2009/004931
therapeutically effective anount of a conpound of the present invention or

a pharmaceutical conposition thereof. One aspect of the present invention
pertains L8Rt hodFIGH- t4Fatdhfy Yifdfetioiid adr £hr ifiCs i3n Ryt idemigtdngl
conpri si ngaggni Nnésteid g tocddmimdi wWiduaturitheieednRRieehtd of the

t herapeutically effective anount of a conpound of the present invention or
a phar maclYT&t°tonposi ti on thereof. One aspect of the present invention
pertains foorer hodsdaar 8raat i ithduottary, diciearannatde iduh vpUsRl view
conpri si ng adm nistering to t{}tﬁ indiE/i dual_.i.n _need ther%%f a

t her apeut PSR T 2 12 RV 2 t2 of 2 OTISUE o (AREFFBLER YitheXEfon or
a phar nacendtivent ednplsienitonft hbeebhvernieomspect of the present invention
pertains hod r freating. tr t reiection_in an_individual
conpri si n%egﬁ ni stSFeI];Glo'ngét%)st e%lrr“i1 ?'\glgg%a Tgﬁglﬁég 21t hr &8t tﬁken along

t her apeut 1 ta¢ | 3<F figctlee &rount of a conpound of the present invention or a

phar maceug)gad, co o1 oy t hgheqf,y Qe %§Be%rag;fme5*&%r9r e g ! ﬁ%@ﬁ'con
pertains to nethods for treating nmultiple sclerosis 1n an PGV dua

conppsi ngsaerd enat er vhgws o depiichdingi duwdfen nexwridrs eoficaordmapenri cal |y
ef fecti ve,@dPudndf SoRiReHRd 8k the prasantod nvention or a pharmaceuti cal
conposi tion thereof. One aspect of the present invention pertains to

met hods f 6P02%kat i AFSyderisc 3 FFaIMery EREME BRIt el wilagaview
conppsi Ngo 0P i RAHQk-henbidi vh dead i1 heed thereof a therapeutically
effective ampunt of a conpound of the Er esent . invention or a pharnaceuti cal
conposi ti 680%Her eoff I%nd 4adFedt IFPIMRBLAFEs et 2I ARG I6h Y08y PairRs ViEEW

met hods fen di eslldiged eehakl vaepOtting tiHe @reandindi dHakd CORPPEE NAL3 .

admm st epng1 %o the individual in need thereof a thera‘geuti cally effe%ti ve
amount of {%0%thpouddot the 1 eSentTFEUTHIAN of129pARPRBERUSSSYIOna
conposi ti ohevdedepict iORe aspetdr odathieqy exeirdinyerbl an fpdntaifisther

nmet hods fc%bct) £at itn%ft %B% |-n9,i %Q%SS in an individual conppsing

adm ni stepng 1o Yhe 9 ndi Vi ddalf i heed t hereof a therapeutically effective
anount of DETEDrRID IREORIPTRENpPr esent i nvention or a pharnaceuti cal

CONpOSI ti pgo3iET €0fey (@S PELLL O cfe%%sﬂ:??ﬁntaﬂﬁ@é%rl 50N; perl A NRiahQe

nmet hods for treati ngehypertens ve nephropathy 1’ an 1 ndi vi dual” conppsny
adnmi ni st ephgh t ®neheemhddinental 9 sbed ifegntoforn tthelugest ixaldepcsfibacti ve
amount of -R, pePOYRd naf,i he aprfaS&n&ig@yanei% 0L émdltar fRcguthaaly ac
conposition thereof. One aspect of the present iInvention pertains to

net hods f@Ret #RAt PAgtHFoRBRIPEE e oS £1dn hay ingditiied @S «Hirffgdibngion

admi ni st epngndx t he il yedualed N cReegetdn] egl aHdergpsut igal | yr ekhective
amount of a conpound of the presenf invention or a pharnmaceutical

conposi t i B edf’ O?]é‘lﬁspgla‘g oft t HSor EHBRPEE nvERR T Gt Per t A4rs P8t

met hods foecéssatilyy nyecaridipakelschienther eppr fafsSi @Rei RjHaMpeirn B the

i ndi vi dual _conmppsing..adm ni stepng to the pndividual jn ne t her eof

t her apeutrll%ﬁq‘afniy) %Jf?elcttalq:vleoné?rs‘#ouﬁ ot %E cOpOUTHY Of tﬁéuﬁregg’ﬁt %?)ﬁ"\%"ﬁﬁgon or
a phar macéixécwiorc aposied derehor geferoneo ashpecdivictitm pweyefiromneéat i on
pertains : c breatd CcRg i i.ndi vidual PS4 ;

admi ni st e%%s nﬁ)ﬁ"t&%gbpgé?%j d%ia %@nggd t }Zér'%%%bda\é%%e?lé%‘g%ﬁcgﬁq%%#?gcti ve
amount of refeohpbandhsf dhePricgenvithienthen harkeghartanead i ¢ gas
conposi ti afséanRglon Ong1aaeget af2,t he prgs@idsd NVeRt i ophPeidAi Nenkaet he
use of conpounds of the present .invention in the manufacture of a

medi canentrFHFEXIRE t A5t nBALIBFd anvidipl theceptayihakherat ed?RNAIS déRd One
aspect of déhewgresealilrdciienki.on peimalasly o ttwee usedyr caUNESte@bmthe

pr esent igl\llle téeosn (i)gn the maggf acture of g)[ geq%carr.ent far th§ treat mEnt of
an SI Pl r@teptor: a3soli al'eddy s S der T EEd 150m h‘élél’ olp cohdTStiflg of
psopasi s, thédedmatnei dfartdferdarsse CoHhrhambiesease, and ardphant nej.ect Ges,
miltiple SELEMARon XILRELE LUPYS SONADEERS 0% Ssoll Rl Al e GALEL! 2o tYPE
| di abetes, hypertensive nephropathy, gloneru 0scl erosi s, nyo ard al

| schem a-reperfusion injury, and acne. One aspect of the present invention
pertains to the use of conpounds of thé&-present invention in the

manuf acture of a medi canent for the treatnment of a di sease or disorder
medi ated by | ynphocytes. One aspect of the present invention pertains to
the use of conpounds of the present invention in the manufacture of a

medi canent for the treatnment of an autoi nmune di sease or disorder. One
aspect of the present invention pertains to the use of compounds of the
present invention in the manufacture of a nedicanment for the treatnent of

D T T ~ o o Y 1 oy



One aspect of the present invention pertains to the use of conmpounds of the
present invention in the manufacture of a nedi canent for the treatnent of
an SI Pl rwoeptin4mssoci at ed di sorder selected fromthe groas2@o08493ti ng of
psopasis, rheumatoid arthritis, Crohn's disease, transplant rejection,

mul tiple sclerosis, systemc |upus erythematosus, ulcerative colitis, type
| di abet ebe aﬁ@datmethmmese"fl tshéhpﬁésént:arﬁy%lﬁtg'%ﬁt aﬁl@rtr&aﬁé’rape t he

use of cogpeupdseh the Ar esfitcd NYENt Ogrbwp t RE TMBRAHACt UEGpOtaBly a
medi cament for the treatnent of psopasis. One aspect of the _present

i nvent i on"BERIFFANLGD AW /0faND A 0BRSSO O he BFeYRn |erJr\?E‘ﬁPFoﬁSrn t he

manuf act Uggr OfexéinfPa@, CagmRdniHr drheot heat rgaidupof vr hquifﬁldai d arthypt igas One
aspect of .t he fresent invention pertains to the use orrpounds of the
{"Ihc?r

present i AVERFHIH 3R (HEMR Ut tAF@NFe % YR diSieft Ve WP §ERERt of

Crohn' s das@as@iréde aspefliowof dfhe gasesent geneeallyn nerttfhens doomtiaeduse of
conpounds .of the pres invention..in.the f ct.ur e, _of. a for
the treat ABREC B % an ?a%?sr(gjlsé%]flr%%lo&eer%g%e% 1% %H%b %gﬁgéntron
pertai ns tontéetede tof @ormpamlmrads ofystmn prléseﬂrraMt |t@n cnrctlkﬂeate a
manuf act ug g, 3 a AR KRB %Qé &D&H&P&Wtel%ew ts'opla% £ %raqt»tt%mme
aspect of t e present” i nvent pertains to the use of conpounds of the
present mbentermemthrfe C#arﬁhﬁa@tl@ﬁ@néf ag ﬁeé?ééﬁ%@ttt@%ﬂel{aﬁé“ter SaiBgt  of

system ¢ Lypust £y hermn@sls 10N sa3086! eghiipPea Pk e Un | MBI ORyRREmAI NS
to the use of compounds of the present invention in the manufacture_ of a

medi cament 8f GFTRRESEr &t ERTIOGT BPRRY afPFBS cdirom Lheontrtepks of the

present i aMgfbéP N pesicH Forite t(lﬁetusaoaﬁ) ceﬂp@ﬁnﬂéaleftﬁeheocrﬂteaerotf itheent i on
in the rranuf cture of a medicanent for the %ieat nt_ of, type di abet.es.

One aspecfPd ‘F’ﬁescbrae%e‘rﬂ RNt iICORTHBIPRPNEL T ? IR b orﬁ%’rﬂW&§dof t he

pr esent |ayeétztrﬁsn|ﬁrdnh€thréalgafsadttutellmitﬁonrmiummnt for the treatnent of

hypert ensi phr gpat h Ch ect of t sent_.i nv er |ns to
t he use o#x(@%ﬂﬁoungg yntdr%e present lrravne%tet}hﬁd“ﬁm?ln telentacntjatr"&)efure 0

nedi canmenthéorenhealreatisere of ghenepiindiel exgsnds One thspeptwagfl tatmel _
present | BYGALLOD PELLAINTHAO Uik U6 P CHMOUNGS (8f; N3 4PLESARG iepgenti on
in the manutacture o ‘cament for e treatnment o rryocar

i schem ar epér f usieon i af urghe Crrdasifecthef sHHaddcesehPseFivelei o’hh?)ergﬁér ns to
the use ofy; copPOWNES, Of ot €SBNt T NVent i ORe | Npd hes SR AR ifen

medi canent for the treat ment of acne. One aspect of the present  invention
pertai ns 88PEBRpduUnddof FLREIRT et 1|Snv%nt9%??1tadrlyus€°¥1hc%1 N AFIEor t he

treat nent gpindle SN @nrtive tRody rbyatheaapye @&&smctszsddhe al%r esent
i nventi on‘agertar ns to conpounds of the{:(gtbesent invention for use in

met hod f ofPt HEM T EHTeRPEOr &Ti8er YREED: IS aBEHRPEERd Qi sﬁ?ﬁ%\"eséﬁh@’ct ed
fromthe gpon@lecaisowst iangsnf220s0A ariasinghelsment d2ar L Hirmdurs, edCrndlubiin

di sease, ansplant rejectiQ It| l.e scl sytemcl us

eryt hemat {él Hha P@SFata!n\?/ie ccl)flriotllirr]l? tfpe i %robﬁ?eslow §l ARE: sryge

nephr opat h;zamlgénrrexsul askdeer qmcsrldreylocandhal anschpemabl@pepdmsl ad i fjoary,
and acne. ct se [ Ltains t or‘g)%i%% f the
present i n%ﬁtr ocﬁff oarr%tcjsg%ﬁr?gé?rregﬁ o%yt%r?rqegtgrrent 0 gan i
recept or - asevents enani e def . CQB‘éGEEWl ofonferypeek@nt | MEENtSHPIENt ai ns

to conpougds.gb1d heRr-essnt dl’&‘ﬁﬁﬁatr'sona{‘@r 43¢ | Bofnd®EINOd f OLnde tiRat ment
of a disease or disorder nedi ated E{Iﬁé_yrrphoc ytes. One aspéct of the present

i nvent i on*pStEEFFRA t br 2FRFIN JURRO fesEit YRt IO T@enise i1

met hod fopft helhiaateRnt NEwanyvawkoi MygAe diasgagaeer difsordiRy . fseagpect
of the pres i hvention pertains to conpounds of the present invention for
use in a ﬁBPﬂb‘aa'fjo‘?nt he treatment of an inflammatory di sease or di sorder.
One aspecifoogsi he prmseﬂher rwpembrtdmeperdrmlmioho dapiposddsiof FIke present
invention_f LU t A C o Mg al

i nfecti onwgr9 di é%ﬁsee]?og% asp ec{{)r';t‘%é1 8?%2%1 tmr%/enﬂ%ér’t%%%art lr?s&ito
conpoundsTbé twefer es:elmrlenvem55 oraf@r:ruseurﬁ avimetthod nfdndele ar dwdyent of
cancer. Ogenaspefy Of the PLARedE ANuentifdl perdadi NSpfo Coupawds-£f14t he
present invention for use in a nethod for the treatnent of "an Sl Pl

recept or-associ ated di sorder selected fromthe group consisting of
psoriasis, rheumatoid arthritis, Crohn*s-di sease, transplant rejection,

mul tiple sclerosis, system c |upus erythematosus, ulcerative colitis, type

| di abetes, and acne. One aspect of the present invention pertains to
conpounds of the present invention for use in a nethod for the treatnent of
psoriasis. One aspect of the present invention pertains to conmpounds of the
present invention for use in a nethod for the treatnent of rheumatoid
arthrrtr S. One aspect of the present |nvent| on pertar ns to corrpounds of the
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use in a nethod for the treatnent of type | di abetes. One aspect of the
present invention pertains to conpounds of the present invention for use in
a met hod wonotomes44seat mrent of hypertensi ve nephropat hy. pOnasaepmcets3nf t he
present invention pertains to conpounds of the present invention for use in
a nethod for the treatnment of_glonmerul osclerosis. One aspect of the present
i nvent i onipeframgd &6 cdnPERAbStREC t Akahprefeft TRV EMGIT iorrfF@atrry

met hod f omatbeidT eat menbrokxamptal dhahmateehen aelepeefusion ithieUigkoupne
aspect of the,gr_esent i nyention pertgi ns . to corrpoungs ofbthe prez}e t
i nvent i on°PBFIEEERY noh FetA687F GATPRESE r BRERBNELEF 19Ene POBME £FE %ot t he

present iaveninenm parirdides tolyineesseapbbirr epAararty,a gpaplostd, oand

conprisin dm xi ng a conmpound of .the present inveption and a., .

phar naceu??%ﬁ’r’i‘?t’a%bseptﬁé eeolfdarw 8y .OrTE'éggmé%dao’f%e]fa%%%ré’ctcsoao Ehés-

i nvent i onfdrselkesplehermei sanhide bensmtideoreh pridgeeat fhadebady af the
patent di u geds. I >CRI ]_[}#%Aé/\v iqure_l
shows a ggﬁggﬁl é%?%%étl C sac@nrl?:tf (I;)Rrgi eg%%g%%%tg%%o Z’J(%gﬁhe? r:l){x;%-SZ, 3-
di hydro- | thepyrepl ophrPacg i itlol and ya ) seeend analkdy ey fase, aefiegredntdi at es

useful inythe; preparid i o fontonRowads 9 FOrRu! - fhdeudly df aaidRAl f

et hyl 5-brono-1 H-indole-2- carboxylate with butyl acryl ate and subsequent
decar boxyFarrser f45Poha8 By fdltéfinaasBoRrrr@8aeer $PofNFRIENE NS drid Sd™8up to

a hydroxybs gbpupha@nsh {edctdrn «&f Hola dasbbeapost. EhguiLtr dipws ex ganer al
synthetic schene for the preparation of 2-

7-hydroxy-2, 3-
di hydr o- | FPHyFPHRGES LYY | 5122 ﬁu)réégﬁa?é 5@¥f9%t¥?/"é%’fd]a}’s S9N At dCat es
useful inghbedpsepabation eflemenpounds avid Rairthnil ehé | potbymt seataeat 36f

et hyl 5-(benzyl oxy)-l Hindole-2- carhoxylate w.th_butyl acrylat d
subsequent®G® r%%%’(W%’f‘?i@yn,t?“bﬁﬁdomlbec?tﬁf%leg MSAri %r? ana red ctf?:cc))ﬁ\ %%e
depr ot ect gas. dFsguilmuBigh@iemengeneMalredynbhievay sfhexangls, tdhe madgar ati on
of 2-(6-h = 2,13 4. i owLH [ real of:l, 2 i mdazol ; 3r yl)acetate
derivati végfggés/ri nlégoedr}ﬂrreg?ég’;egl?u;sg?ﬁei gjﬁe pr eﬁgr ata?%ﬁg%%a'cor?prgiunéé%of
Formul a (Fpickyess kpfattilen eAr¥iex - batyeen- 6eppyrudlacd net | eafbdeHtale,

fol l oved By, PhaE YL RLHOP, bE EGMCERONLadlERs Ot BCTd Qi aNdrLYehd 23 aRu1BkguUr e 4
shows a general synthetic schene for the preparation of tricyclic acid

deri vat i ve®PodimertouptHiptoratiate arie nétitnFinAal Pdes 16t HCHREI s3fRi t R

2, 3-di hydeenktbtdyidl QiaaRisaiionden taki ¥66tomUHSEEHEN o flefHeRetyi a2 .and/ or
hal ogenation afford congpounds of .For nul ad%ln)g. Fi%kjre 5 shows a geg}ersal

synt het i cCERERE f &° t ARSPY atPorF BTy | TR Y d&FFvabfTed i a

i odi nat i orabént r i Byliicatdsher Nder 2oag + ¥YES02Z8ubgaquenhened ase badwatey z ed
coupling reaction_an rotection af d np f.. Formula (1).,Eigure
6 shows angé%%rallssy%ie%g?l C ggﬁé’%goggfrcgéheggr e%%&%’?iegﬁeof h%l{(e'a}-nhydrtgfy- 2, 3-
di hydr o- | Bepyctete| ha?- dpicAdde- la yhykacéorned deepanatoky, fasmi ther redivat es
useful in_the.pLe j f y:F&d&]p; rspgul | @) hddy. t retJTent,of

et hyl 5- b?}c}?rotf)ékl??%g% %ﬁgyc%?g%gy ate v&et@ 1butsqﬂc(hacr y}T ate an sub_seequent
decar boxyFanfogurdiomvel Bye of &g ivhll c@ﬁ%r%i@h e t penbrBHRGBup to
a hydroxybrgEgepsgireduction of the double bond. Figure 7 shows a general
synt hetic schene for the preparation of 2-(7-hydroxy-2, 3- o

di hydro- | H0P96} ol o[12ER%] i nER¥FLISY | ) adét at &ader i VATISFER!S as {ierifdilat es
USﬁf iJI [ ?ghb@rfkﬁ@l&irﬁé iﬁyigfnlscqmp@md»ﬁeaf f)?Obﬂbkén(Ztl)ﬂx)eT byntmlam.rre.nbdof

et hyl 5- xy):|l H-indole-2- carboxylate wt ut acryl ate an
SUbSequentl HORUTB ok PRar AR PO IREd RSO | H8 | ORPARCRF 8RBy, FFoen
deprot ect LonesFi gur e FEGshows3a demer allaxyinyhetdfc sihbrsrdaorionhe prhepar at i on
of 2-(6-hydroxys2, 3-. di hydro- z o] -alim | - 3~ cetate
derivati vég?l(:%llg t'er ?rll‘egdi% sg%érll;rksa%ﬁu %&Lgﬁé&pkglﬁg?%f?oﬂﬁg% g%ﬁn%%ur#(f)s&of

For mul a (wa¥erbyhclldiyigat reaiofist er t That yWoR- exwpgreol 34i wd- | the bovafeat e,

fol | oved byDsaryhathaes " 8dWehialubug®Raohe - 8oANG sCYSl I g Liftur e 9

shows a general synthetic scheme for the preparation of tricyclic acid
derivati veBe viexieygplYaigroh i ngr e Tyl hYPiBe LBt ighcohdl BaYi OF

2, 3- di hydgenkril DyrpOAfaacet 84€nh dRa E¥al /RS ngSURSAMIE NIndiefIe@t ectiaderand/ or
hal ogenation afford conpounds of Forrmula (la). Figure 10 shows a general
synthetic schene for the preparation of tricyclic acid derivatives, via
iodination of tricyclic ester derivativ®s. Subsequent netal -catal yzed
coupling reaction and deprotection afford conmpounds of Fornula (la).Figure
11 shows the results of an experinent which neasured the ability of
Compound 2 to | ower the absolute count of peripheral |ynphocytes in mce
conpared to vehicle. Figure 12 shows the results of an experinent which
measured the ability of the 1st enantiomer of Conpound 12 (isolated after
resol ution of conpound 12 by HPLC, with a retention tinme of 15 m'n per the

e p— o a ~\ o o o o o,



by HPLC, with a retention tinme of 18 nmm per the conditions reported in
Exanple 1.3) to reduce the nean ankle dianmeter in rats conpared to vehicle.
DETAI LED WBSCRIIRI44ON OF THE | NVENTI ON DEFI NI TI ONS For clpariusgooano493t
consistency, the follow ng definitions will be used throughout this patent

docunent. The term "agonist” is intended to nmean a noiety that interacts
with and 8EPPORE erdapPGsdot EPn-hetdiplaed iedepidal sydfeas4@he SIP tdeept or,

such as cgharthenedy ddddiMenta d@w@teboghcate@r phar o | g oal suppiRense
characteristic of that receptor. For exanp an agopi st_ activites an

i ntracel | &Pars3&s s U B dF L2 tlﬁélﬁ‘@‘?:%ptaorCl’b?uléarﬁaﬁe‘éEe%TIﬂ‘*

bi ndi ng texaeﬁ&r&bg anfito! kheerbadyn efbetemeiifer adhdg®Y Stref the imadenti on
is an Sl P t agopi st _that is_capable of facilitating sust nedSIPI
cept or PREETTAI T3abt ohvp s ERrERgs * K areaib et Fagre ey 757 158

2004). Theutface"a6t agonssed belowntEralegertaratedreve Inwifettiop thatface 34
conpetiti t C t ,khe s ni f or
exanpl ¢, ERCTRf4 0BT, chel W LEUEBERLOR ablD SHIC chib® SHBCRIpBaEr, Sadkh
intracel | auafa¢@s@©nse npiihat éd by fillag aiem“lfaeefoanﬂofldﬁhélve@'@pltldr bgnd can
thereby i ghLBEiy LR nt T aGRLIdUGY T B2REASER DhaARrAE0NEShe Ore PAldriYles
agoni st. An ant agonl st does not dimnish the baseline intfacellular
response tplpih@lh;bsémmetofltan Agomiests oro paboutal 0agonbsincHée t(@Bmum)
"hydrate"” . dsberein ns a_c ti r

t her eof P%%%M‘Sﬁr? laﬂl% u%ﬁémaasgm C%le tF?%gobﬂﬁgg St%gltghla% ?rulCh
anount of deaietidolreing sveic @saltenmaket shaof teot asuf Bree scoriaevet.er @s

"sol vat e" ;353 U3R0 HeL el AEEESr, CORPOHEF OF siihier driPieNtiyONE 100 @ sithiia

t her eof that further includes a stoichionmetric or non-stoichi orretrl c
amount of P8 sBIARGACOBSURS by SAGRESDEI iRt Pntsé*ﬁ"ﬁﬁ'lc@cuvla%dﬁorléesflﬁeft@rred
sol vents gtenyl ahbhe: 380! B¥1 GosBd @7 o8eCsRLA0LE LT ;adThNislr gld:gn L0
humans in trace anounts e term need of treatnent’ the term™
need thereéf whenciedesri hgvnngtr@at nemtlaﬁle us¥dsi niér ckﬂdm;ivatldyrrean
aj udgment oBRHEn By £27 €01 e ( GeflerBDY iGN oFURSS DUESEPIAGLILI aner,
etc. in t e case of humans; vetérinarian in the case of animals, including
non- humanSHBReHET s}eci%ﬁoarﬁqrmﬁl&ﬂd&uélloér SHFBRFe rboui Hee HIPRAIY Iedest | t

from treatgenhavilhy s dIUdgffﬂerdl% rr@ti%lhgseguefla@evamfély of s f acteasrag dghat
are in the.realmo careqi ver ertlse but that includes the

knowl edges?ﬁ%t}lﬁea}??ﬁﬁ vi 6\”5‘?1? #6i s IPF, SYPPREF| 15EEBnEOi PF, &S the
result of taedfsﬁas@f £ onshg | et ifcldingorter fubaf Bﬁrfeﬁ@@.taﬁm ecdiyedrit@dic
conmpounds 0 i nvention. Accor ngly th e |nvent|on can
e oed | KR oL CPFOETST Aradortt ve. HEPnaRe. P ResItANEs “BFE he SAVont | on
can be uspdcket al s eanrrdreged rda bietceanreaaebvaﬁeateboﬂne Zjlm cond tmmdn or

di sorder. . The. i ndiyi duyal” i_nt t an, I Rle A NGHadi ng
manmal s, f);r[e é%gé% m clg\élrra rfo o]t%h1 2 g‘g%t s(% E\gb atw S{éa%tcéjt sCc slévm ne,
cattle, sheeprdhorSesinaorspriaee e@faﬁupmtt pedger 80| yShaﬁca@s dift@ncer m

"I nverse gsonl stt el %rl nt en edbtoo n a i efy & hfﬁo bi nds AP Ju he. er]1D Qgenous
formof t receptor o 't6 t Ae°C cons |Fut|ve?y actTvated formor

recept or apgduthpehsd nith bidsvd hel dms ediriadenubaaabl ehar wigasROWSE dfnlttneat ed
by the active formof the receptor below_the normal base |evel of agg vity

which is 68987 VBY ibE t3RPHbIEeE -df ™n a§BRi SRTIFT pRPFHSlS aftfinded
decreasesh&l® biaghiey tvaferBnbraree Ialmeﬁslmodtm&ﬂm hevdmfmel me
intracel | ul ar respo e is. i hlbltﬁ lhnthepépg é |nve oni st
by at |eaSt® 3085 - | n eSS nBht £ HERPRE ? c ISEIF3 ?’es" onse

i s i nhibi dédposed hin mqs]amaepcafratlrleh noethe plhane sd>f b§/l<a1>r | sastacs0%6 .1 n
some enbod l.Lul S i.Jx the
orosence SYERREE ) hbe o0 d e eRR R BlybGoRADSEaL Y B 5 2

basel i ne f-'—prEﬁg%rl ﬁathleelabfs@lc%dlbﬁ‘aqehe?‘ll nvé?@er@@ém’:sttheﬂdestcépﬁ? Redul at e
or nmodul akk-8@" the LHheBELELLO FRAN: aPhé NGHRASE POT £ HEGILaARE it Rig ameunt,
gquality, response or effect of a particular activity, function or nolecule.
The term Sphperackeddeal s calpposi 12 ob7S il imarenddmn ¢heedhizkoewsoSift ison
conprising at |east one active ingredient; including but not limted to,
salts, solvates, and hydrates of conpounds of the present invention,
whereby the conposition is anenabl e to-9nvestigation for a specified,

ef ficaci ous outconme in a manmal (for exanple, without limtation, a human).
Those of ordinary skill in the art will understand and appreciate the
techni ques appropriate for determ ni ng whether an active ingredient has a
desi red efficaci ous outconme based upon the needs of the artisan. The term
"therapeutically effective amount” is intended to nean the anount of active
corrpound or phar ITB.CEUtI cal agent that elicits the biological or nedicinal

o o oy



di sease, condition or disorder (i.e., reversing the pathol ogy and/ or

synpt omat ol ogy). CHEM CAL GROUP, MJ ETY OR RADI CAL The term"C -C al koxy"
is intendwo2bw/areEd a C -C6 al kyl radical, as defined hecgiusomooemshed
directly to an oxygen atom Sone enbodinments are 1 to 5 carbons, sone
enbodi nents are 1 to 4 carbons, sone enbodinents are 1 to 3 carbons and
some enbodRERht $oar Be1 RFOESEEGhons. FBX afFPBBLE ncl de 2metRiSE, SBERESY,

/- pr opox¥rraseed ORDProddssh Wa@hi rbelh £61S 08F . 2 | SRdttinaleGilatetry, and
the like. The term"CG-C 6 alkyl" is intended to nean a straight or
branched 2B¢bd¥0 relinedlingdnthiAkRESS, tRs0 MW AROWo P OckB8dHFent s are 1

to 5 carb ome £ n r PPNS ﬁg}le scare 1
to 3 car bgﬁgzyﬁd sone rwgngr% tﬁe%ﬁ%@agr gb?a?)’crl?g e ! ?Ite =9

car bons. npl es of an al kyl
i ncl ude, bat theetapt sbrfireed3to ofmitieywateghAarriesy @Wmdu $56r GRFre
n-butyl, ?@islmw:ofsQHHt W pb@-rt/ 5 mtuémcé sapsunﬁal thePeicihe
neo- penty nmet hyI but [i CH2CH2CH3 I buty

I

- CH2CH( CHRS -1 | © H%‘R‘?‘Ft éﬁd tWé(1|1| k. IPhetht edomcf d&w Oé’ﬁ&ﬁo
i ntended tRe n@@:mtﬁame aahlgwaam Gal a@buachedtypleaauwwmﬁ:ajo m@rr@em the
al kyl radjcal S]nlo e sane i as ?esc ] Scét her ei n. Sorre exanpl es
i nci ude, BULS ar"é 4 i tlé1 USRI PEnfn 5 % pr opyl anmo,
i sopropyl a002®] nbuthd ehs‘otnmm smcrﬁnﬂejlmnmf thebw&;’zéarm‘arriert bbdtyBam no,
and the |ike. The al k ul fonyl " nt e C6
al kyl radf Ealgeﬁetrgcﬁgd RE rfahré suf‘?%?éofth%ts %k?l]éﬂragggaﬁ” aevﬂlnri;lagldﬁn9
fornmul a: r&§i»2- 4dherdien bbeteah kghrfade cdlashas nhep?smruafmhwbn as
descpbed BRLE! NenfXARLES, | NELUAS: Bidinedaf100! dobiTthed o rgsghxhsulstlonyl
et hyl sul fonyT, w propylsul fonyl, propyl sul fonyl, -butyP
sec- but yl s&tﬁfmﬁwg I@Gl@ut?lll%ulwlaéﬁm C@éﬂﬂbulb?%’ul ?%n)flroman'éih% hé’oltltl@é‘ The
term"C - o Ahky! thiQ" chSs| Qt‘hﬁ&@ﬁgeﬁ@ n&afh aadprdds idink Has @i Galcialdeached
to a sulfur atom(i.e., -S) wherein the al kyl" radi cal has the sane
defi ni ti oangke d@s@@bﬁé@b&terlé’ioﬁ’ apdasl o thel auder hof HIre mvtdgd€py Mmeget o,

met hyl sul Si) y fany Nyl ,
i sopr opyl ggﬁg#aﬁfy /abobgg?y S?.H W éQ{geobu'trhe (F%éswial}go%ht yllréulefagr?yl
t but yl sul ¥afgt; h@r@rtgné-’elgll@él e lﬁeﬂﬁﬁxéaibﬁk%ﬁ%ﬁ’ <F%nq1?ﬂ1er?d@d; 48 ®éan t he

group - COMKR. £188r &Iy AR0"id THak! €8deEn! OsHBERat Nendr ik eddilonlBg term
"C3-C7 cycl oal koxy" is intended to nmean a saturated ring radical containing

3 to 7 catBoAdigPrpeciifhbiheFadean Uxyigeth AW SRk eKampT88Sy ndhGde
cycl 0pr0pyh1&me§yct0biﬂ yttheQ waE¥el @aemwh: Bodycyxd ohexyés Ow;tamﬂ tthe | i ke.
The term " C3;:C7 cy cl oa §t |nten% %B mggmgsatur.ate i ng _r.adi cal
cont ai ni n§€3*?H ? tHPEONEL ERAECRRDY § COAFArRS3 t5 & cgr s Sone
enmbodi ment:&nccarmt athe 3centércaifboriss Sdoer enbodiaverd s4gponkadn dmeages

car bons. 0 4 Ssf Eagg[g;} ingl,ud

cycl opr op gg%)qgg FQOSC%?/C openmfréjléma’éyc‘fta#ez%gl cy osgs%toir/’] 54y Sltaﬁ
|ike. Thether nner@herﬁ lpfl otk oRYOOF s i rsendentt i enerkaabavel - @Behaﬂad@lrkyl
as defined,pefgn, b&‘@*ChsbS dkechbyyat tached to, Q7 1Ky gen AlpilhcExappl es
i ncl ude, but are not Timted to, di quoromat hoxy, trifluoronethoxy,

2,2, 2-tri FRbBFRREIRMY, pentEITUOr 6RTPRSItiGind t he THERe. THE t dRRETERAIC 6
hal oal kyl cohStiEeNdphiO PRAS Abald1&H Bbdyy | hax og@@smdlreacm%ﬁlf@m
wherein the alkyl is substjtuted with between on péof é%
subst i t ut EREWRRE e FARGUF B Y% ubstieut BRF R logC A ‘6%1’1" 58¢r if&dent ed
by the fObEﬁfﬁeﬂL%ﬂyl wher eithel igext irallogedi peek 1'anl |$s1 hvex,sedy 5 or
6. \Wen npre than o hal .qQge esen he h Iogens may .be

di f f er ent PARBO%e at? rtg% 'Rh le‘r%oup con’sz%lgt‘l”% C?fror% COHJI ro}i‘r%o,Sa

or i odo, ppeamcaml y TheortberBeie reshodimehy sofr eh@ warcanatmrigr Sody
enbodi nen r a S£189E, enpo & & ks and
sone emog?gnggiégt & ﬁgggaf ?)n{sq‘?g E%ng*éergo% tﬁé%loé?i% glr oups |ncI ude,
but are nBirefkly ediftd, Fh%ortéﬁﬂkﬁ’;?ISS dt f Iafor Bhet I‘PﬁfeltrFPFEb?Erré{

chl orodi firgsoMea byl the, 2céntfafl USX O8] Nytne PERhSHHAIOr ORddid i vanRg he; li ke.
The term" h%lo gen!' or_ "halo" is |ntended t o nean fluoro ﬂhe;)ro brono or

i odo gr oupSIFhEVEEY m LBt erGEHAE /i s 3tnt ERGedPEBIRRERY arPhr d cf]ﬁor?g
systemcontaining 5 to 14 aromatic ring atons that may be a single ring,
two fused rings or three fused rings, ‘#erein at | east one aromatic ring
atomis a heteroatom sel ected from for exanple, but not limted to, the
group consisting of O S, and N wherein the N can be optionally substituted
wth H C-C4 acyl or C-C4 alkyl. Sonme enbodi nents contain 5 to 6 ring
atons, for exanple, furanyl, thienyl, pyrrolyl, imdazolyl, oxazolyl,
thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, oxadiazolyl, triazolyl,

t hi adi azol yl, pyri d| nyI _pyr azi nyI pyri m di nyI pyr| da2| nyI tr| a2| nyI

~ e e ~ 1 a A T o o



het erocyclic group can be attached/ bonded to any available ring atom for
exanpl e, ring carbon, ring nitrogen, and the like. In sone enbodi nents the
het er ocycWocogvmauwqasis a 3-, 4-, 5-, 6- or 7- menbered riP:rgzUsE)mmmI%B of a
het er ocyclic group include, but are not I imted to, aziridin-1-yl,
aziridin-2-yl, azetidin-1-yl, azetidin-2-yl, azetidin-3-yl, piperidin-1-yl,
pi per i di nSBTRCe nj Hag | Bpermal ’FeSJp‘-itpléI'litd’ r? f45he WakephAarFisrypody is

nmor phol i nréiatlvélwpﬂ@ri n-4-yl, piperzin-1- yI pi per zi n- 2- yI

pi per zi n- 3- pi per zi n- 4- yrrolidin rrolldln

pyrrol i d.i §2§I [1573] Od’ie&))/?&rlaﬁ 2the, "ﬁ'ﬁed%/‘ror‘:ﬁl%ll?ﬁ 4451 é’éed with

[1, 4] oxazeaaa.erssI w2, &nd- Lijlmuhmﬂorqmol spiddld , 2azeprrc 1-y| ) avepahe2-yl,
azepan-S epan-4- tetr drofuran t et rahydr ra 3 .. and
the I ke G§ylﬁ31 I\I?/%RI}I'I’ &e és%%ctseo% tﬁé priggésgen{B { nvle’ntl on
pertains pern:phetay nocforq:scnmdwaﬁér Ferzmﬁ@st(s ) candthehaswppett | ¢adgy S0.
accept abl ol es gnlg y t hereo er , R
, WY, aﬁag%%%\b/ th\eﬁ]%an%V |J|n| g%gkgégsrt escirv?gge% I?glrdel %Hés%ﬁl %'rtd
infra. Ondedgpeds oft thempnewent psvdfy orkaRltsai bW cbnpourds lefsskor nul a
(la) and phar 'EBﬁe'éthQHeY4§C%%pte%%e v,%ele&s,lssqu\éqtl cop1dna¥dratkes chiger eof :
wherein: mis 2; 2; CR1; is Nor CR4; Wis N or
CR5; Rl, RPaim3, PaﬁEIl‘PEI a?é eaéh |t|1?6epé’ﬁc§@ﬁtlfa§éfllé€t edoPr o FUEECEr 0df

consi sti nguefolthd &Eeral et Q@ G abddtom qu@@cel knsl FPBachl WadEer
al kyl sul fonyl, Cl- al kyl't hi o, car boxam de, - C7 _cycl oal koxy,

C3- C7 cycFﬁﬁ?ﬁyfiowﬁwafﬁliﬁamﬁf"ﬁgxyf egit rha?I ﬁ&ﬂ 451'a| Byen 1SheRacE5r v |
and het er abyeé ythe Whks @t nsthhifa ¢l - CoTae kyds am.cb;ﬁly G@peiﬂamxm ane aedic lyas
optional ly su stl ut edtvxﬁh one C3- ycl oal k group; ncd R5 is selected
fromthe éPBBpY nesrln% I ng of T H, Oﬁr{% t-ko suPcéjllayn e@f clocni c%flﬁfels’ a -
C6 hal oal hyﬂ spahdyen20anga hmmcﬁq/l asl toi gounders;heodlatﬂsat CtaIrerlptresent
i nvention nds, I nd/ or hydrates of conpounds,

phar maceut ?caf?%ﬁica%@?t)g%l e%%sgﬁtgég}ﬁg%%g%unds and sol vates and/ or

hydr at es ¢P0pAhr madeut tbal | spigetlept ablie waflers eArxigipoyntstewhdrasitinghe
conpounds gL Qe RS QSS‘H%Q%Q ReILi bt ddm | SufRRILCI At 88 that w%ﬁfretxa'd?axfﬁ%trures
of the invention, which are, for clarity, descpbed in the context of

separat e BRBBEIPRHNS DAy heas: S¥rasdern CoHbi FRIRT oFPRYE G I gind
grﬁoodlt rrentéongeﬁygcsﬁeltylmugﬁotbt&ué; eg}ggr Q.&t@crlvﬁeﬁ\.@nm?n%ﬁd wethh Mécmeertg_,ngf or
revity, ed i e context o si ngl e enbodi may. al so

provi ded 52 ’é’felai?gorr}ﬁ bRy 4 %8c§utﬁ,fonﬁ"ﬁat ﬂ%le’?r Jik i nati'éns of
t he errbodlraamaﬁt pe¢dai hE ngyhisol ivea ldendealn GtoHsS nrrement.ed 'me tHeat
vapabl es o e1.G-); alned
W TR Nt heBRERE S hent e r BPHEPRe SHeLeRReq nihS: 2Ty Ui 1A% |

| a, ;c I epwaggll)_l'l I;oxlIJe}rd | khe | tppHaurfabe B#eanfd tolwae_siSHﬂ:_;heI Img,feIrIs]tl A2H ]
etc.) are cally ra y }he re t ve ust ;8ac
and ever ydggﬁg%én%t ?gln sgé;bl n%ﬁg}t H]y o?elxp L?égl tﬁ% rgé%#féec tot aetE ext%ent
t hat suchcenhbiwationsrepsfaceedt af-If)fIOQ1 cbhpotvis gurgace c@ffpotah@ls wafgr can
be isol at edrrebaraed eff&@%r@éﬁ%fp%%feedug%rawl BgE LRy é&ctﬁaéga téﬁrfa'dé 43

addition, all subconbmations of 'the chem cal  groups |i st in the

embodi menP§ 88SRNBRAET sBRhtOaphs| SYrTINGINTS a2 nd | PATIHBHTAYI dits T8 uses
and nmedi cgblabven ol desChhedtheteudruds el so speci fically enbraced by
t he preseg% %nienti on {:ust as if, each and ever¥1 subconbi nat i on of chem cal
groups and®23btonbilfat 3% SPSLRELVENROREEIRRAI SPREPCAD dClvasti ABRvidual Iy
and expli ehtl poteomt edrhetei he A6 UEedwhﬁéﬁl aarrseubsdifeﬁtelcy ¢ordfireaites t hat
at | east e 0 atom of .t he chem ca up pI aced

non- hydroggn Eé g Lg?u mept gzrsz)up IgsI'he SHon rﬁ %Foge lsc 11|x;[eu€bc[¥1 ort group
can be m)ndwaéefnly OIcocirEvaheﬂr ndaars thlmtsubhemuem er chrmm i $idévafent,
then it 'élgﬂé%éwegnt I&% tIIzs & 190 énﬁer}ctura%] rtﬁgbﬁbtw&e%uwfgtaea%et her
substituent “or group chem ca rou ereln is "substituted" it may
have up t §hehwafer] C%é?b‘h’ée %‘Pl%lﬂbls¥|‘t“ﬁ|‘t>li>wucft@d evarghe, S ifethAmSRtoup
can be substiivéethdYbebwedn @he3 neldRshyt HeBhSnt a B Y SREF &F QRiP-Giddt be
substituted by 1 or 2 substituents, a phenyl group can be substituted by 1,
2, 3, 4, or 5 substituents, a naphthyl group can be substituted by 1, 2, 3,
4, 5, 6, or 7 substituents and the |ikad-Li kewi se, "substituted with one or
nore substituents” refers to the substitution of a group with one
substituent up to the total nunber of substituents physically allowed by
the group. Further,when a group is substituted with nore than one
substituent, the substituents can be identical or they can be different.
Compounds of the invention also include tautoneric fornms, such as keto-enol
tautoners and the I|ke Tautorrerlc forms can be |n eqw I | br| um or
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rel ated thereto, may have one or nore chiral centers and therefore can
exi st as enantioners and/or diastereoners. The invention is understood to
extend t owendicarmmsace all such enantioners, diastereonePsETASAVNI0NL93T €S

t hereof, including but not imted to racemates. It is understood that
Formul a (Iz3 and (la), and fornul ae used throughout this disclosure, are

i nt ended Ther dyptezsnt saFEarfdi 38 defl ER&NtYIRF s CARA 1R xt SRBLC NG edF,

unl ess statgdo9éqsheVWA atbesmtsen TBsv¥akhabheatingl B1eRERt €aBOdi MBAES, N
is 1. In sonme enbodi nents, conpaunds_of the Eresent i nyention are,

r epr esent SASEINFRr HBIl FLEF ST a"él‘it}llrhsqerp&ieéc‘i’lﬁ Fow? i whEr &n 3&aéh W4 e in

Formul a (hg) has the %@&peaearpd@tasOde%rdhbe@eﬂsmsa;mn sepraamdd anfrma. In
some enbodinents,.n is i_ment s rrpobmds of t e _Rresent

i nvent i onméPém‘r“Bp?{é?erﬁl’ecfl&? F%fEnﬁF‘S ﬂ% ee?s?llbfl Pust r atee bel ot Whersi n

each vari appesit\eli@rtrmlml(cka)esbas t he sane neani ng as descri bed herein,

supra and arlable ni’ men 1.

enbodi nentlégg£gnpou S t?ltéhe;)lfvélsseent |mﬁ;$ Ffl‘%% ar%greprqéee?ent elg bf/&lr%rnul a
(1g) as ibisslostes bbkowerfi gjventereiln eactmadar rabietamceor mafarg| §p has
the same @ﬁé%@glgg xggé%bﬁga@erf%a iHURER Afflaldf T relR 18AMpeMhedicment s,

mis 2. In sonme e Iments onpounds of the present invention are
represent @8 WreRoriml a (Honizental] whangted Bel GWTiAMtels dlansaifaBl e in

For mul a (éﬂéng etll\%‘/%naile'ﬁl%a@d"gtl@é %s:s&abeﬁﬂ&rt%ﬂ, sumaa apdkditana. The
Vari abl es I n some enbodi nents, Y is is N or 4 and

Wis N or tERSmaJr nreHHE Ao KeerentE oRS éf'aﬁerZCF‘Erf\Fralh%dXN'i% heat

enbodi mentsroYy hStNe Z)old§' Nbeﬂﬂ%ewlb?ot%t éurfsemm Bebadénenps, su\fﬂas:eN Z
is CR4, andW|s % nglsnt%l\%s ]:rZ1|sN nd Wis N In
some enbodf rreﬁf‘gle% fiér‘f\Ft i LRt v IbeSéR§ 9 Vatodidkents vis

CR1, Z isbbdyandilV theCRp, bacsose emdodiswentcs HY is GRlllex ivhedied thand W

is N In so enbodlnents Y_is .S 4 W

enbodi rrenfvng:Q i NN :ngrret% kdflrre?t g&is@%‘ Ilrt;'%sgf:r% en%todl rrents Z
is N |In soaestabookétrmedrs,the jheaChg Ieﬂeslen'e 2fbeand nklpe sbotygmns gunfiRcsone
enbOd'nenB§ tMéIW€§§§ clpglg¥oﬂ8d§alénsf9§@§| éﬁgﬂf%hégé'fbéiﬂybﬂgp C6

al kyl. In sone e ment s In sonme enbodi nents, Ra is
H The G 8hprRL tRe sowEdnbearmefEs, iRl i d@ect ed IPr oF Pl G ournis

consi stingj@kekbn&d - £6 ﬁé#PﬁgibIeCB RIKY)  tKeé - g@%f@&%ﬁdﬁnﬂb fdmkrtive
al kyl sul fonyl, G _-C6 al kylthio, carboxam de cyano, - C7 C%C| oal ko}c%’r
yl,

C3- C7 cycPBdl Wduatl@ F‘Galm e& 1@ at IR??t”P\%I §yERSherlr
and hEterQQECMﬁEerWhﬁ&QhértbetemeEuatkyé afld €heCgasl Kex\tiar ereaaniion

optionally, substituted with on cIoaIkI roup.. 10 .s

enbodi men%g‘ m%i g3y 8F (lies&6 fr8a| %}7 alfﬁrsgiég gﬁﬁo& htl&eﬁl ¢ H or
t pf | uor on&bhystnalllersonﬁoeabedt nmenhsecRive samdl d:mw\@\arﬂmhmmamsiﬁr is
t pf | uor omgt.h e, f% 0 fyQp t he
group COTSSIES ;Lngggf II% jé) Aﬁoxy, m%rﬁ gglmé?[??/?r 01[1 {&#agﬁcrm E%C -

al kyl sul f smghsfer- CGThPRyI theovatapbbranideveryapadl &e@ﬁkyﬁ%m

C3- C7 cyckgal kﬂethenCﬁeQ@lﬁglgpéwen&z@Gabﬁl %ltk:»sln sbekga@nzs h@gegmrlyl
and heter ocycsl wherein the G - kyl and C -C6 al oxy are each

optional | 9%&5’%‘??%?% fPt HthEaESQE’?O%yéPoXFR§/+C©¥ obRST T shpfptstance
embodi menpetwkeni 8neebEEL & éuﬁfaéél%ﬂraw KOS Std NbPfsutfdde SF adHéoxy

cyano, C -C6 hal oak? C@SIG gl oal G - C6 hal oal kyl a]gd alnfgL
sone enbolPA¥nt s et §he t ﬁ@sdrs(’iﬁﬁc@on%%es% "G - CG
hal oal koxpetaadn Cith€b H‘dﬁltﬁ.&]gk}éleniemtsmm andodi s cuRdri S eeltéchedrf r om
the 9r°”pt%8”%b%t' Qface Cmé”éha‘%§¥kr carrier varies directly with
the thickness of the wafer carrier beneath that location. For
example, for a location on the floor 46 of the pocket (FIG. 3)
near the central axis 48 and aligned with depression 54 in the

bottom surface, the thickness t of the wafer carrier body is
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et hoxy, tpfluoronmethoxy, and tpfluoronethyl. In sone enbodinents, R2 is
sel ected fromthe group consisting of cyano, tpfluoronethoxy, and

t pf | uor orwOlyio/02k¥3sone enbodi nents, R2 is cyano. |n somreTaisbadioomst s, R2
i s tpfluoronethoxy. hi sone enbodinents, R2 is tpfluoronethyl. In sone
enbodi ments, R2 is chlorqQ. In sone enbodinents, R2 is_ethoxy.The G oup R3
In sone eRBBAT nEAt srinR2PE $BpEefeBe f Romst HE GrlSGp B st i”r% Scatiops- cs
al koxy, Qon @healftor @6 Ghead kyhanpeeipkerih ehkylaukkasyk, tQt(,6and

al kyl t hi o_, carpoxam de, gyano, C3-Cr cycl oal koxy, C3-C7 cycloal kyl, G -C6
hal oal koxVPCEFLTEES Beeval k§197~%Fgen, heteroaryi, and heterocyclyl, wherein
the C -Corabky] andrie C depddkimiynir @reaelssoptbiudidsl y upubsthe utethpaiuind one
C3-C7 cycloal kyl .group. I n_sonme enbodi ment s is.selected framt group
cons: st 1 Bt TpaB B off LI Sune IR & aiy T SR 12

car boxam Gepicyhhyw, I8 G7imstc|smmlikox@ncCl3r Claggrs oddpodited Gre Hal ahlekoxy,

G -C6 hal kyl, bhal o h ei j - al kvl _a G -C6
al koxy ar ge{g{élé%%u %ﬁt%oﬁ%% yggsglslﬁﬁ?ga{dﬂvﬁt (;ecrrllne“%ﬁ}- %% ?fclq%ael I?;%leé:r %gp. In
sone enbodipenjus, tRBcks se&lbewedl By oveityhetlgio upe tciors | Istyarg ofhildh Gor@o

al koxy, Q- C6 alkyl, G -C6 alkylsulfonyl, carboxam de,. cyanq,_ C3-C7

cycl oal koxPe TEEEF A TA ,t% SEX RSl 0alf REXFT® ha}%gaerh,%'%é”lhéicﬁ’ t he
C -C6 al kyhcangofates al koyiple epcntopt iwekl | ¥ "MOBS] | tstitedtwreh ahe C3- C7

cycl oal kyl . up..ln s odi S ' t f r

consi sti nglg#lgl-f?mltfp&goar%y%%, 6N%BEGMQW§F§U§§%F%§§%5 %esgryﬁkeglof}%]%ﬁ sone
enmbodi menp§, 2R330 sAggsereres {2 omnme griglp cdifs stdtigeflagershimaye, in

car boxani fg:, ¢V 80, MMCALARCKY) | aSYF QARSY | TRIdV |, £y CHAPEBLYL Okich as

cycl opentyl, cycl opropyl net hoxy, 1, 3-difluoropropan-2-yloxy, ethoxy,

f I uor omet RdkyieF sobuesfinamgiopoxy e1RELRBKYL met WYISEH¥Ghy| , FHEESYI
and trifl yosepEbiyion | AngOPBy8NBLUI pRBtSct i S SRkrgafedHd aaddig talcup
consistin H, chlaro, cargoxam' cyanp, cycl olhexyl cycl o£%xt>gbq%t hyl ,

of de, ,
cycl opent gFBSE??Scy&’F‘SﬁEﬁt V2 SR opPoRfitretholy, relatively “pre
|, 3-di f| unaapeppan-Zrey | otyinet bpxdcaFlwoi oiedhoRyomi shbUtddlf fetreapeodaxy,

met hoxy, and_pethylsul fonyl.. In so enbodi nents, R3 is.sel ected fr.omthe
group conzf’lgﬁ?@ éol?n%;art clbo%té”fﬁn, %cggﬁgﬁggﬁi FEBRT rﬁ‘f&aonrd I?ag(?ﬁrlgprfoxy.

I n sone esbdditientwafeR3 iandd fitomsohe ¢heooriemirsdiRBti simplelsedo.admessone
enbodi nen LS carho ' S nbQdli hS C 0..,.l one
enbodi men%'g? f%g cy(::[Ploﬁ:g{(gy%%ﬁ%ago%ﬁgﬁﬁo&%&%ﬁﬁaﬁgyﬁ%hé”)?yfl%rrr:t hyl .
I n sone erbodéxert stheBupwrs cligpetiphoxy .- el n Bohes e diorRw faR? 43

cycl opent gk. {4yl SquReMbodiv@nts, R3ris Gighanr opy! BREAQLY- 14N 1y
enbodi ments, R3 is |, 3-difluoropropan-2-yloxy.In some enbodi nerits, R’is

et hoxy. | ﬁxéwﬁr%?ﬂfbd}rrreb?ﬂt(’_s-, dts Cfl!aﬁéf:&frr@fhéaH'PS'Fﬁa%m- erﬁdﬂlic‘_r?éﬁiys, R3
i's isobutybr §&fSPIB-ELMRATBIL fim Ribfet SOPrARM bowihgS BYEL whadinenlss, R3
is methoxy. In sone enbodinents, R3 is nethylsulfonyl. In sone enbodi nents,
R3 is triPhushenstsdgdr. ofn et ehbdi nehEBOURB PrepyenzBPYyLingThenGtéep R4
In sone emggdi ment s, %éllw icgersiel e tec;ljn fn(aom(t)hemgrogp consi Sx:[oicré% %f I;bit%l-Ce
al koxy, cr 9t al yl7, - 'a?ky af™hd 212 al kyl §3f"1eor?yl, £°€6

al kyl t hi opatardorénictiés cjamere€3- CFoeyd oplweaX \prdededs/, cyhed dabwilg Ixl- C6
hal oal kox - hal oal ,hal t ar apd_het eroc , swherein
the Cl1- CG¥§ %/rl %n%@ﬂal&%xys%%geeggh%ggt V%%\% I@laérﬁ%gs I|['t utylgldyév(,i tl\#10ne
C3- C7 cychddl kythegr ofgctpmssonee erdspdilrents, wRley s ofel éct euchr grmimalgr oup
consi sting; ofethy CYRNP, efH1 B Nel BLKY! as2RUHLIpGRiHE! 28! KOXK£elN 3O
enbodi ments, R4 is selected fromthe group consisting of H cyano,

trifluor oABERCRYTLRMA T ESr-onet hyl . In some enmbodi ments, R4 is H or
cyano. | n 5058 enboghideidipeZure Iﬁrekﬂais.gﬂg aRDRAMRYS suRbaice @yanE The
G oup R5 In sone _enbodinents, R5 is selected fromthe group consisting of

H Cl-C6 SPRYI WalgandePerder veer Jdrskyiotad: - @ maloaf 84 S tanaso st veen
het er oar ykhe andabeh@r oTyménd . 24 n(Bome BNt e LofR®urfasel act ed fumem t he

group Conalafé:lc.ng XE ghycjpbcl:%talo@/lﬁhe wafer aligned with the floor 46,
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cyano, C3-C7 cycloal kyl, Cl1-C6 hal oal kyl, hal ogen, heteroaryl, and

het erocyclyl. In some enbodi nents, R5 is selected fromthe group consisting
of H, C1-w06 2ai0kph943CLl-C6 al kyl sul fonyl, C3-C7 cycl oal kylPCcThsb@gemozand
het eroaryl In sone enbodinents, R5 is selected fromthe group consisting

of H G -C6 al kgﬁ C3-C7 cycl oaI kyl, and hal ogen. In sone enbodi nents, R5
i's sel ect &Bef FORRLhERGFBAD .E6ALFERRAY oF HhebFYRo OLictiher & eSeyErasEt YO

cycl opropyhdighbyheat! ueéasféedaetweéﬂythe mathyl syl Eoanbnt and pyd dibe- 2-yl .

In sonme epbodi nents, RS is ected fromthe group consisting of H_brono,
L orer CRBREem FuTtane: G oot "RPehs GArroRE, SHR IAEREL |feishancd
enbodi nenbssoRbaté&d Hei e NcsodEe eitho bhemrdes,; tie ithicmmsurdffaceormd the
enbodi nen R5 is_.chlo In sone enbaodi R5 | c cl obu {fSone
enbodi msn%g? °RsSPELRTT %%r opy rﬁsnlssgrrﬁgeeggoh??r%n BT "If?qss 1N some
enbodi nengsp B ilksetfwemr othén boatpeme dhodiarent4ss B85 |t§1e| cml@felr nasdrm;he

enbodi nmen 5 h ]i:-é_rgq I t Y,

sone enbog?ﬁggt §h§%§é| syépyr%lg?n [21 %graéﬁg?nﬁgorgg?%g%%%g é.(?)llnu% enb yéh(i ment s
of the preséar llneehf-ronAﬁerdJ@qucS@dc@hwmd§®elr@§t1§GaﬂPGmt@om?d§ of

For mul a (hastarﬁqaae@éga%%k%%ﬁl Iah@q@&.m e fddnt 59| ¥ahesneansbdbyd at es
t hereof, wherein: mis 2; nis or Z;, Yis Nor CRl; Zis Nor CR4; W
is N or CR9rfmgej 36H; 151?23‘11%5%@@&]&3’ FRAQTE JFERTS cBRSi Shtdgeofvadfdno,

G -Ce hal @akk%y, ang @h‘e@@yhmb(é@al&)éb tR3 ismrgakecbed dép@@stshangrsqugs
con5|st|n

al kox -6 al kyl, and C3-C7 cycloal kyl ; |sHor
cyano; R@ |s>ll§é’|t§ t3PG6p LESRsiTEE My adt: ¥’ﬂ "éé‘
C3-C7 cycltﬁal kcydnroamduhgl cmﬁ‘tlﬁmeoemtmntmrﬁaddlemresteMra nyenta on
pertain taq 159 ounds sel ect ed from corrrpounds of F Jrad,1 eata% atnrd
rate

phar maceufi-&d EPTEPI e 2al S5 251VET es C and My er'gorSi#er ei n:
mis 1 or aE:soqued \oxtl?_ the |daep\te(asm ZInspNaotlc}RA tWs sdNFfrre@Re R1 i s
H R2is | e p;r t he u Skienge: OF &yan i f thﬁq;gy, and
trifluor oirrgt h{f/%& tiolrsg ‘sel eg{lgdp?e?%m@tahtc rt(z)(gp consu%stftllto% {E?Pﬁg&gyc ohexyl ,
cycl opent yefersebutis | adm® i mﬁéaaﬁyalm i ogm c?&ﬁ@ssanﬁhﬁ% e g ect ed

fromthe goeuwp, congllydly Ofhdt r85PFBan&d) 85 Oneb¥ CloBubY¥br @HGHOPIRRA |
fluoro, iodo, and nethyl. Some enbodi nents of the present invention pertain

to corrpouﬁ&§f§§?ec4t5edtPr dhscoRpbEAls B frGEMA S (’Fj ) Ehfhd "BREF ma Il | y
accept abl gagaktw V&Qh\éat Qﬁca&h% hyglr ghes vbliehgofin Whes ewate i s dap)r602 Rl
is Hor - {a){ fgf eectedfromthc—i upézon5|st|ng of H,

C6 al koxy YB§8?| yCﬁL har® II‘«”&)? T SERIRATbal lf\g'ler At cBEREFBEINIEAS and
hal ogen; RBiks gael emtseoké]raom\zteher g]rc@uptlmm]stcmgimftmltgz @ohdal kamog, Cl- C6
al kyl, Ci- | sul fonyl o] Cy. 7 I (o7
cycl oaI kyltg5 ec%l X3 0§I ktocg< ﬁg‘?ﬂgd{% g%er 4 rg’rsg’lcn%}%%]eg%ﬁ-%%loglqééf z%rglnd
Cl-Co6 al kappracealeh@hpo:ptlfomablfy t@sbgtqttatlt e siisthngre tC3-he@t clodmsay |

group, R4b'e§wgghe%h@d l'fea(ti.r:[}n(_;heel@n% Cagﬂis' Lsﬁé n&gapér Htoﬁygﬂgfage @6 The

hal oal kyl Cl- Co hal oal Koxy; Is selected_fromthe group
consi sti nghetrmpl Taststanag|of (E&aEC@OaIH@yIdQEIeFBWI refatey to the height
of the gap. For those portions of the wafer close to the

periphery of the wafer, the height of the gap is simply the
height of the support ledge 50 above the floor surface, i.e.,
D46 . However, adjacent the central axis 48, the height of
gap 60 1is increased by the bowing distance Dy of the wafer.
Thus, the thermal resistance of the gap is at a maximum near
the central axis 48.

[0035] The varying thickness, and hence varying thermal
resistance of the wafer carrier body 32 ©provided by

depressions 54, counteracts the effect of the varying thermal
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cycl oal kyl, hal ogen, and heteroaryl. Sone enbodi nents of the present

i nvention pertain to conpounds sel ected from conpounds of Fornula (Ij) and
phar mmcewocaldog4®mscept abl e salts, sol vates, and hydr at esTiuseseod49her ei n:
mis 1 or 2, RLis Hor trifluoronethyl; R2 is selected fromthe group
consi sting of H, chloro, cyano, ethoxy, trifiuoronethoxy, and

trifluor oRBERFFANEB 3 AR &G -ed THUEm Pﬁéaﬁﬁﬁﬁpt}é%n%ﬁf%"ﬁ%ﬂg 3l sH 48 hitHeo,

car Iboxamt dafeﬁy%:ae,n@iw:wa%rt ﬁy}llas Crﬁag@ga?slyluwrhﬁh fe)éqlsQralesetayl Q&i’%éreas,

cycl open cycl opr opyl met hox i fluoropro 0X et hox

7Y vor oot FERgEET €8B0L e BB oL A roxb i aHALRES FFSRtT oY RS s
sel ect ed freatéhe t@éwalcmlﬁﬂaﬂgeof Hstayado anothkiruosanet hnesy toaad
trifluoropgethyl: and RS is ec rom.t he_grou con5|st|n br ono,
chl oro, g@ %ﬁ}ﬁesﬁ/tcé}nocﬁrg%ﬂ tt@FhLF tﬁlgo?gem?'g%o © e Yurtacl

met hyl sul bénythe awdfpyr 1iH NRZs- y4l (Smeme téxmdﬂrrer&&sﬁartdee peew&eem itireent i on

pertain t t r C d F

phar maceuf{l‘;’c;i ﬁ? ac%%e %ede%alfpoqmt gﬁpg'%lgs%ag%fj ﬁé/%}% J<eLereof1 vvll:llerel n:
Y is N or fORaer 26|)s Nhﬂ CRlistRindes ¢f Rhej ga@el@btéddfl‘t@m tresigitemee

consi sti nghggugﬂa@ﬁe vgf&B 1@&1%' ko}@‘ler@”@hg tgePﬁéPaal.‘gsylsta%%:e' %fsglafﬁt ed

fromthe group consisting o koxy, G - al kyl, and
cycl oal kyP? R& 1argempr Reyanés §W61h5rr s sel ected from the’ group consi sting

of H C -Ghosbkyl, 1R (i oorletrlekyiln @idKial:a0e. Sore wrkedidmaterofint he

present invention pertain tqQ caonpounds sel ected from conpounds of Formul a
(1k) and PpR&r FEG4GRF cALLYgEC &Ptln| % af +°T 58P v RfeLath "Rl 418 i er eof |

wherein:  ¥egSoh p.f,fgaﬂectzed s;d\lfcfytlmée Ehel &ohlng@@ }b?lﬁﬁh&@ %Eﬂdc&mdfhe

group consjsti of .cyanq, trifluoronetho an i fiuoronet . _R3.is

sel ect ed f'l;‘ 4}%5‘3&18 t&berfﬂa&[ i ‘ﬁﬁn‘g CHVINCI Bhex sﬂe efopﬁ?if%f?ﬁ &sbut yl |

and i sopr epaxy stR4ei sefH tore e ssanghdFe | | shseinestecdrﬁtmmal haageosp of

consi sti nghgf H bggm) r(g_;hl 9{:%1: ycI obltIli;1 ﬁéopgg‘p fhuorg, d oqp and
ep 'Rven ?

met hyl . Sone err%v I rent's resen I on n to conpounds
sel ected prgmemmﬂndgrmreﬁ@uemldaréng) daRQSphmmra@%utthQ:aﬁlhsstacl@emr@bl e

sal ts, SOEM@fleSas a%ﬂw atl%?eyrger egxfl t(ﬂem m%&-e| EOpRZSII.Ile% ect eq‘l’lfer om

t he group consi sting of cyano, - hal oal koxy, and Ci-C6 hal oal kyl; R3 is

sel ect ed Prefiehed g?‘?ﬂﬂﬁ%d?vs%?ﬁn@ooﬁeﬂ-leca tes ﬁ+f<%€<lg/enq9 o tighnesgnd

C3- C7 cychealkyh; candaRa iS5, sedieatird hé ogribec&d ovy corsksbbng €b HheC - C6
al kyl, C3-C7 cycloal kyl, and hal o%en Sonme enbodi nents of the present

i nventi onVpereaPh Po BH FRIVRICEIMFuridEe AEHESF MARYSES  and

phar maceubhéalduriagcepepbser sat t 9f Sohyatmesst asdibydint aayelrer edi, theer ei n:
R2 is sel ﬁ‘%t ed f{(%ggt r.oup §onsi sting of cyano, trifluoronethoxy, and
trifiuoroffst h{f; S Il§8t &4 fromthe group consisting of H cyclohexyl,
cycl opent ybp3750butBie ahelrmesbplcopduytlaﬂdRSOifs tded esoedd f menetrhel grioup

consi sti ”8?9& 1cé§f T shl k., oRylxk, %Q/ecétoeorr OR%by TLHOT Qnd,4dg. and

met hyl . Esters an rodr ugs ect o present 1Tnvention pertains to
conpoundscofdfor ity (¢f) the wngnem:c giarst elrrnemmat €8. usdhgreifprene the

preparat | ound I L} and/ rygs r e
DefPonsy SPebeestposnongluBoL I (L) 0oL Bedrugp aghuggtel ol

W have t heféafe @bf®ngiyermsbersinesdr |ll§’eﬂlaﬁéfr éFﬁeSsE\pfa i $FRAe ak® R6 i s
G Co al kXBunteract expected bowing of about 5-7 pm, the difference in
thickness (tpax-tmin) desirably is about 3 to about 6 mm. The
exact difference (tpax-tmin) required for a given application
can be derived by heat transfer calculations. More
preferably, however, the optimum value of (tpax-tmin) and hence
the optimum depth for depressions 54 can be determined by
actual testing using a test wafer carrier having depressions

of different depth and observing the effects of these on
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One aspect of the present invention pertains to conpounds of Formula (11]a)
as synthetic internedi ates useful in the preparation of conpounds of

Formul a (Wa)loswdsws prodrugs useful for the delivery of pconseeams49ef
Formula (la): wherein: m n, R2, R3, Y, Z and Whave the sane definitions
as described herein, supra and infra, and R6 is C1-C6 alkyl. It is

appr eci at BB fpERi Gy |ohfth deRasddinBnt sFAESEFRPREE helkitRe REEsEndOFnfra,
t hgt ( rH)eI akBrhPnd NEF COUNTIHY 6 i181D)s€'S waliak8dpbet¥essd Grmo undsstofcarerem! a (1)
an n

anely, m n, Ra, R2, R3, Y, Z and "w ipglgnto Congounds of
Formul a (PEFRPEst 2B PPPTRETIMST e52afROV ndi vicidarFyedi SBFE68ER- heMEHi €h wit h
speci fic Fetge@néeono vhey et H) of OtReaspaelr diatdeapredant vielbyenbingn

pertains to,conpounds of Farmul 11). e_aspect .of._the present. invention
pertains £8'%d uHageg?n ’rruT'%e t?‘-1‘%1) I.‘gﬁnssggrﬁmeécrlrbg Pledts, B P8Ehy |
In sone enbodimentwafeR6 hasvet eat -iritatlivellly | shappr esiissédnt hetvedldnggh,t he

enbodi nent | be rein, ﬁl’fg.r l t hat el n
vari abl esagﬁg(?%gﬂbit g\g%ﬁ g?%poun srao@kgorgpn%ric?l 2)@ e{Lr{g ?‘Eﬁ) E%g%gfy?l%n@]mn,
R2, R3, YapPreaimbly cgpler ttdaGowpeumdsest trbr fureace 13y jhstpgsphervhey
were eachqnd}vi guall yadi Std R Neuew bl whihspers flici ief IR ke
Formula (I'la).One aspect of the present invention pertajins to conpounds of
Formul a ( EW)SasorywatRkenatmt eThsdicdEE i04Eior Af t ARl pF EFarvpvedergths
conmpounds ; gf YE9EREA1{! brofBe aSRECImAE thuPresest iRverkifeRrspefavaings to
conpounds of Formula (Ha) as synthetic intermedi ates useful in the.

prepar at | 6RLBFIRDNYSYRIENGEREOMANS EPAY. B AEPBcttit PRg%pr on

i nventi onwpeelé@hdish 0 npedsfad ofaflear mHdrridd ) hasiest ekedaoivedbyppadaegs,
descpbed and, sh herein, su as.c ounds_i n_Tabl wher e i.s ethyl.
One aspecfBt“Tne ,nggﬁtlb,nﬁvg]n‘l“ Xﬁegggtéﬁ ns® %r%%%p%ﬁﬁ §°8F IPoar%?r;u 3(11a)
as esterswothcoBpsurfidem déscpiwed eand s haeh hexfdm, hauoty asulsstrgpourds vi n
Tabl e A, i i hyl C p i £ 1 ertains to
corrpoundsggﬁﬁ%ﬁrﬂ“gs _ avgsavgl%é%ﬁg% rﬁgg%uf'ﬁﬁgrf?%gn{d%%i %Lrl r{(\)Ef}ytllz?or{-fltf)t%unds
of Fornul aith). aOneiadgestiyof brieadpr eéserel engient iAo LEEPUALAS- to cdMpéunds
of Formul 2,64 k29 eSSt ILON Y Iddi ohar shhgrdebi ¥t YmPdn SRRy he
Formula (la). One aspect of the present invention pertains to conpounds of
Fornmul a (bPPYingef ul® ashpred@deisr cbrifbureRich! FERREFESTP)S @ReYasPéct of
the presentskavereb®R Pperdidssat aacesRednd&aveiiehgtAUl@E Stiabudsehultnas

pr odrugs of corrpoundg_of For nu a Ia%.dSome enbodi rgiints f the .present

i nvent i onStAEFHJERRVETTSToRbi h3Ti BRCYRY ofe oror e o‘%%essséoél@t &F from
t he fol |l owsag gnottpeshs@wondn chaltlier). afablwéd- for -furthekER aCARRIER iW TH
VARYI NG THE L. RESI STAN %‘RCBS— REFERENCE TO RELATED APPLI CATI ONS [ 0001]
The preseﬁf%ﬁﬁ%%t?poenrac%%aol 7§ the benefit of the fili ng date of U. S

Provi si ondboPai ent Ppptiiddatg odifoerigly 180eddall fthddckemost b9, va2QG89 t he
di scl osur f i i e i r.por r C L,07 . BAGKEROUND
OF THE | N@Egmtg%“?‘g‘&@%] h%emé?esr}gb%ﬁ?n@éeﬁ%%\i rg%g%%@ & SH\%E glrgl.ﬁrg&ggssi ng
appar at us theomahf epndugtrivity frgioviislesi p SuoHapedeal sadipriass atids thatd to

met hods of; eter by PLeasidN Y. £ AP0 hManYieaeNt G9RELEL R demh Cosh g dsdr med
by epitaxial growth of a sem conductor material on a substrate. The

subst r at e (typr Bwb) yR3Ee PRYY SidMiade efdeetFaPni Rhe hkedor i s ke i sEor
commonly eghgpred t9e asoBraieelon’ ther dexanpbe, réeussess feunrask fdrmmhe
conmpound sem conductors such as Il -V semiconductors typically are forned
by growi n§rdgEce&$siakoUtayer $0oMm het cBONPOUNdiBERPELNAUBLER BIPHAIREL &
organi ¢ cheglhedlaVaRcHigRYy t k8AePhncdCVD. 1t | RidisS BEOCSSSsidhe Wef ers
are exposed to a conbination of gases, typically including a netal organic
conpound 8RBIEVQoUMSe §RME FIBRFIFELORe Nt OhidS iSovP by e hBaEeF f &6 of
the waf er maRihg tfheosaf ehriscemisst atdrpeesat ian £l evabadet efqanat yoe.tiane
exanple of a I]ll .-V _sem copdyctor 'gs gallium nitride, which cag be flgi;]rred
by reacti SKPEFTER 3Fg&To Gal Pram cERBBYURE" arfdS i TR E°EaBS5t 5t “havi ng
a suit abl eeghysé altdiadirhinee sS pedhsiierdb1Or 1838MIHan a1sapphi aaawaisild
Typically, the wafer is maintained at a tenperature on the order of
500-1100 OC during deposition of galliumnitride and rel ated conpounds.
[ 0004] Conposite devices can be fabricated by depositing
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nunmerous | ayers in succession on the surface of the wafer under slightly
different reaction conditions, as for exanple, additions of other group III
or group woebswemids to vary the crystal structure and baougspooofo4Ide

sem conductor. For exanple, in a galliumnitride based sem conduct or,

i ndium al um num or both can be used in varying proportion to vary the
bandgap oFSEHETRedi EBHBLRY oOPACI BRI RE][FS ot -k W¥pdntetarrwdaggded to
control thg goasutid Mdalyolconaeh kaxge. After all of the sem conductor

| ayers have been forned _and, tr)épi cal I%/& after agpr opriate electric contacts
have been[8PpPled, A h#afhFerca™ei&qt 131 o PnASAGHEPCEeItds . 2DAHERE such
as |ight-embblingntli edeshe" it ichas@Ts. and eishepoetand road cwatd a

opt oel ectr.oni ¢ devices c be fabricated in this [ Q0Q5]. In_a typical
cheni cal 3288? FHFSECEi oﬂ‘p%r 58&8ss? ﬁﬁlﬁg%hs lv\?a(# St \é\@éPe F&'a%n té\odé%ece
commonl y feéeures tdsausaedafl @pocar migh svesphatt a top FIGEL ate3 of edtle waf er
IS expose h urface of e rei.ec. T f rrh@r, is

t hen pl acgaéﬁﬂ'bo%g&ggggt ilofld:c grrbt%eﬁr]E aﬁ%%%i %%é{ljrjigg a?&ﬁ%ﬁ(il silggd enlls

t enper at ursbofiihent hbagasonpkanaeitiemsinyehet Rersucifaceryiessionaaflend
carrier. L§jbSed MRAHANENL O dBdHaal Na i f oy cgrdidd Ans rabofl | s i Mes ON
the top surfaces of the various wafers on the carrier during the process.
M nor var TBefend SRfUESApRALSS® ofnt FPEERRETIFLLYasbSs oFRINS neReer as

tenper at ugesShistde MBERE WiFH apESpERUSES URHES] 1ed Varadditithadiny, hehe
properties of the resulting sem conductor ?ew ce. For i f %h%al l'ium

xanpl e,
and i ndi ulRREY r CBETEGY et 3Rs HepbtFt d, Po8r FHEFBRE PR ?8$P§Wfé8e
t enper at ugermi blf gadSectabhat c@nsrdreblbedc atiiekntsen aaed sbarvdgagy iefnedhe
deposited | e&h Because igd(:,lum ?gg afreIé;}tliv\v/‘,ie#é/r_t]_il h,vapor pressyre, the
deposi t ed"IFa¥eF "R FIPRAVE a°T9Wer* propofiTon orsi nth um #nd & 3gr eat &1’
bandgap i rathoseea egf onscodatdd wafameasserlg ot he sur ftdee foamperfataurle®ops
hi gher. | i i n i kght-epj t1] f an LED
structur e?o{”ggng%pcg:Y%ﬁgm%r%%#gﬁﬁﬁofﬁgﬁexggékfglﬁﬁegléé%nmgf%éﬂ%f girnd\?vi |
al so varyhefihgs, conpentherabvetief tbet shapobeeheddeofléd - i n Irheorgnati®net of ore
towards mapat gLpiMoeMpi dOMAL RG] Ans. i PAVR] SR8 LYPEeOf1 LV ARRAIGAL US
whi ch has been wi'dely accepted in the industry uses a wafer carrier in the
form of ath8r §EPEPEE” WPEGE ndARr ouTIIEf BFONSPEPNG MOFitorts resicPaddaftodd to

hol d one waher trdher¥af 6 €aEr iRribBesYPPEr thd QAfarspi L el tdiidtHdie
reaction chanbeéesgl that the top surface r&‘; the wafer. carrier. having the
o

exposed stif¥ack TR WaPRFIFacRE R Rrdly THRRE 455%€ divd ASLSE6n

el ement. Ybripghéhe spi ntke wafetrotmicrd dekhahgamails rdisiethadedawswartdlayy ont o
the top surface of.the wafer carrier. and flo cross _t t.op surface

t oward thggﬁer?]ﬁ%\é}éecgfb% hl'%ae‘-’lvtvafat el}anc:séffa Fi gp.roﬁmﬁe g%%dgag%sféleos 1%é\ita"‘(':euea g % rom
the react fdnochanbéacehidglandortle daposedsbdiane tde wa¢ewatarri eTheThe
vafer CarGhekek SoqmiAl Bkheds Abrbeadfshlelng! Qualied ferparAl Uk lindaat i ng
el enents, typi cal y electrical resistive heating-elenents |spos,edf1 bel ow
the bott ofhSuithgemasdf reReshanes ©dr riher wafrssecheatemgbedenbhts 1ar ghe

mai nt ai nedrahsa diqupenatuie, abpye duppodesi 1athd enpraatig Oofoddie Maftey
surfaces, whereas the gas distribution el enment typical Ig_ is maintained at a
t enper at uFB1fel 1 B GHhe deSPi8d PeRi i diP t BpeMafEr e98bE 8IS Hr ePent
pr emat ur estedsté ofetibe 1@ IRTwebhetaboperipraty i 6f t tRdshefdehrdd MRet he
resistive Beati ng element to the bottom surface of the wafer carrier and
f1 ows upwdPar§ERhrdUGH t he wafer carrier to the individual wafers. [0007]
Al t hough ¢oonsoder aidiafifoonatl 1pas tieenbdevomneduriaicke af t wageet ofaorm efro
desi gn an tim zation of such systens till, furfher i quement . | d be
desi r abl e.lggn hﬁasrtl%ﬁ%erf ?’FgaSS da°be aé]gi raa]bllgé'letdz) %}%%i éoégttergl%%

uni fornmit §3é& tdnpdrat orer ey osopt mairfackadestofeesaabrakesfter , 14hd behier
tenper at upeoyphi T gl i IR iR RN LeoYBEERCLAINI Bhe s SRLIRSUMRRL OF
THE | NVENTI ON [ 0008] One aspect of the invention grow des chem cal vapor
deposi t i oW@Apparariaer Appaift usnNBRERRTR nhetveemi shaspaéerofcarrier an

the wafer 142 introduces appreciable thermal resistance. This
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the invention desirably includes a reaction chanber, a gas inlet structure
communi cating with the reaction chanber, and a heating el enent nount ed

wi t hi n t worermui#as chanber. The apparat us accordi ng toPChits2eeperssl of the
invention desirably also includes a wafer carrier conprising a body having
oppositely- facing top and bottom surfaces. The wafer carrier preferably is
nount ed | ReRAB ERaEeFeFe MG REFatNEE REQV2EGHI VR T HARE Nzt iNFd oM ement
vvi Il be ttaeﬁfteg\bega@lﬁfélc?aalthif @)ﬁﬁ'ﬁ'@dhf&ﬂﬁg heatatr aasigeqaf bpmlthae nﬁ&&ti ng
el ement to the bottom surface of_the wafer carrier. For exanple,_the

waf er carr PBFEHEY Be °no t§g‘eab"6“\‘/feeli hE2hEhE T n%ogl entnt® M t?;?? he bdttdfh
surface ofiesheabbelytdi ménihyzeodl £ detémeed hevethesdn nchesdee nesiperdmuresdy  of
the wafer, carrier desirabl s_a plurality wafer. - {-ng..r.egi_o and a
wnfer supBOPt PEFRREHE WaREITHE! BER Y Ba oh PR e WAt o
to hol d aceaheeradtd the opf Sextd ack olie t &ddai@rale xiygsad aate st h@ndogrhsugr f ace
of the bogy. p er, ot.t-o ur b I n-pl anar
So that tRipEachs DERLs ALl Ee b i T PEE B i e belanr ot e

di f f er encébei hemperkiioss fadde Mafffear Eapesurhagesl 4 ancE thIeateddddduct i on
in the veghicah;dkieet{0nt m&uqkhﬂrhe;ﬁa@éﬁn Cefgi 8F. thRSivadhY citier
aggregate thernal resistance between the heating el enent and an arbitrary

| ocati on SWPifdlivpvddtt SBEIer tHerWabRe CIFREV1T%riofs W eWREGTWSOR t he

t hi cknesss@trhbes bogly. atTHdadi 4 RGakncen.in[ @AA8E 1Al Sy fwi 1 heln fhititss ethebel ow,
these differences in thermal resjstance can be ,used to co sate for
factors sGERPSEAHNNG ngLbF ST HeChaPEFECTRi ERSCARSE RPE AT g?ﬁ?t ?ngn tI%{?at
transfer hefeeesopheuwnaiess carwhere atige t drei seaifeirty e then-na iangroridionom
surface and related difference in .therml resistance I used to
count er act Sofhdf* Jéﬁasré%{%fhl c}}\%ﬂntf Bt M tenpera ltﬁé:%’diogﬁk%uﬁ%o%%i’n%t fe

waf ers andain phetiop wmayf &esdotot hanwaftera claowarertef3BGurA fulaphdheaspect
of ‘the InygeLLoBop! B FLSe JPt NOFS Rl s PLOLESSLND MBI Soarh B3 G GRCRV i NG
to this aspect o? the invention desirably i1ncludes the steps of "'nounting
one or nofAerwaseiendn ke rthedr Hrejess1PRat LACKRARE POTS A Rsédreni t hin
a wafer-hghdi8d r&oQrOf ah hgnear riffh arteexpQsed p¥rtd dnoPogurf@dce tp t he
carrier, the carrier having varying thermal conductance w thin each

waf er - hol 8PRE2FRgi oA FheSnSAREd @S SR althe BRANIEBS e E¥epradeT

hﬁati nﬂ aﬁaeﬂfefn s gres® wiftH hthenafaan faaﬁrlt;tcieh 89 thétwflﬁé& éafjﬁhSerﬂ' i triogd

t hrough the er _carrier jntains_the wafers at el evat ed t erature.
Wi | e thes\‘i{é}gg?% éi’rlg'iatbet h@e‘%‘?ﬁﬁ eﬁn$eﬁﬁ¥Fat1L?tw§,r g%éec’i"}%e 5%135]583?% be
appl i ed t ehahf ectie t lp@eretpasedosurtflacewadert heamafear s addgnedr ex@npltde by
formng a Lt posedsurfaces. In the nmethod according to this
aspect of P ﬁggﬁ%]vaen@i%grfeﬁe%e wafers may be bowed during the step of

appl yi ng rMeadil ve dJiiysewafchhecdoniany 23ustspimredunif 716 + \b i¥s heslani daransf er
fromthe waferpgarrjgL L0 Lhe wafl en wi thin mach vaker. Mgl gy erabley, the
varying ther matf1 conductance of the wafer carrier at |east partially
conpensat 8§PEBESPrRs ndR4uni’t ok ¢ t PorfioRe unfaghsfa40 chaved abydeRraddw ng.
[0011] YehomBOileE SSRECtraAherN@nhAVERL| O8N LY IR ea datkaksear Absve . A

waf er carrier according to this aspect of the invention desirably includes
a body hatPR82bppost® etig ata ey t P BIRF bt ot stiFF aces 28R LARIMRTHC axi s
ext endi ng3bet weenid hené opnapd k@t tontsusf@cess. aThedopasur haseaoffidte body
typically ha? a plurali tg o%.g(gckets, each such pogket havi ng a erti$1pheral
wal | . TheSBEFRBRerm® waKFeBF RAcRPEERet * DS CEREr abfYS hdd®a BrurdlS ty of
spaced- apaptkptopections in a region of the peripheral wall renmote fromthe
central axi the.wafer_carrier., t r Qj | ons bei ng ada ngage
spaced- apﬁ’?‘lgirt i glﬁl'ée o‘?""lfaerir et grerlo * t5314(93V\2/(|?1fcgér epgritds'pgéel iarllgﬁ%neqeg%%e% %S% S
further eipl arpedsbes owheseichherbpetny ohs hrel peverse ndf zkeatt ot sotsdsst ween
the edge g, Lhe yafeneAd thaReTd RN Gde Ml BRdeREhBAG PRl the wafer
centered 1n the pocket. These effects In turn tend to pronote ‘better

t enper at usEChni Fgﬁﬁi t fhacr BSEteRe FBPLRER f atdd ofoeacthevaferfer curves

downwardly toward the floor surface 446 adjacent the central
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[ 0012] These and ot her features and advantages will be nore readily
apparent fromthe detail ed description set forth below, taken in

conj unct iwo 2eiidr444he drawi ngs. BRI EF DESCRI PTI ON OF THEPDRAMEMNGS04{9801 3]
FIG 1 is a sinplified, schematic sectional view depicting chem cal vapor
deposition apparatus_in accordance with one enbodi ment of the invention.
[0014] FI&X19 448y gf adh&mBPFEetop pl8n Wisw BttWethder C8Fri®Pudéd in

t he appalr Bbktve&h Eh@ clarn[a%b&]dBPdBr@ \3af§Gr arzlaéag\ﬂamhamy thdiﬁagéafﬁﬁhidc
sectional _view taken al qn e in Fl |ngt er_.carrier
in conj unBERSH mlpp,mgmwatﬁ%r Hemegity f%e\ﬂ% ﬁeflgf\,\?o & 3
but depi cahag vvaﬂaﬁs,catheemn@danadnngei;o1hurﬁHeerwefrdand|cawmusrofbdth@m

i nvention, 017] G 8|sf tar ranmat i c Vi

depi cting 5L9%??| o‘lr?1 bt H Swaf e%r%g’g%ﬁ ergl nggggoé%iance 5\%?{%1 eetal ano?&%’l r
enbodi mnthmtkméml mwant adjrcdro018heF|l@ntgrals axisagremt apy wE@tiodly vi ew
taken al 0gga} i g Podhddt LG nBar LOOTDL FUES U IL a0ged2 are
fragmentary, diagrammatic sectional views cting wafer carriers

accor di ng [P044Hdi t iPnaratabodicRERisrof SBRe igdfcandisy. [OD20p FIfQrtheris a

fragment acyy, o4l ARl He thﬁfewt%thsw 8f pbBge s £4 f:@fnxé@rlrﬁftw dop FI G
12. [0021] FIG 14 is a fragnentary, diagrammtic top %an Vi ew on an

enl arged §BAF&CE dBP? cPENGhEnEETESTi dithare §aCk P"IaéerI olAdpgopreRGINIS s

a fragnentapycasi 2B Mehé C sshet wagalas/i @scuRRicCt dpgve. WalEakchC &ddkeits
according to a still fur%ger enbodi nent of the invention.

DESCRI PTI 8RE[ BB33F Ehdhi E4POYaPF3ehodtti o S AR Iy 7S @&Claf‘fﬁcé Swi t h

one enbodpeenided whehi raveﬁpmu ntédgesta ree@etgleort}réﬁapéeipﬂé)rmaufng a gas
di stributio elene rran on o] he nbe e havi ng
the gas df"%??l bu‘?l on e21ed'?n=3ntta}1 2 1% Sef §P§§§ Lh erfe?n as %‘ﬁrfa'hcte %qmnd of

t he chanb#pwé@er This @nids cfmhdvd melm&nbéhet ypppart yledge ot Grﬁeqiemhelty is
di sposed sthe 5@? I et r Vigsat i d 328 +of
refer ence%Th%V&a % d tpgnhgg%%ser% ﬁg’rrh%l ntSr%ef rs to thet

di rection fEMyOﬂﬁoﬁP@hbegaér@P%@ r?%t@%@%rﬂf 1he \fH@azas anse ReResr d

direction,tghds che tdddiahectian ¥ashicr the chemher, tawaikd dieiddas
distribution elenent 12, regardl ess of whether these directions are allgned

with the §PRVREEt PERYPCHpWARd RFFRRFMYWPH dheeaiGls. 2=4 nithgr ISHPRFE "t op”

and "bott Qaﬁgéuréﬁ&eﬁeﬂfe Gﬁﬁiﬁfﬂz&sarlﬁhe&ﬁamitpeﬂn hee &t Nt vk drefiprenes to
the frame i

reference ,of chamb 10_and_e istrjbution
el enent 1’2'8st‘?: P et T o g&swiﬁe’éfrﬁ%@e%qgo#éoﬂ‘sgﬁcg C?ﬂéaﬁ‘dxo
process, Jo0045hs a Tarthes gaBodndemteaasantalgaseachucpbcaeta isoWwammdesd a
group 11 _net aI pi_cal | t al of, an| n Our ¢ of gr oup
V el enent bgs fori%xar’m%l eé/x%en%rr%lr{l r g?%ﬁpq{? HP? o]II' gf th%
di stri but ponketertcemtth$ aop amyed ace r."é(flel 9t the Wﬁaxuscgase%rand I*t!:l?eect a
flowof g g | e bd ;i ri6ehii ARy TG94 dia3t rdduikd on
el enent 1%3321; rgggygewg{‘ggggoﬁggé\?ﬁ tc}ga ‘ool ant systaem 1,6 aarran ed to
circul at eia IF d2t hrssughhahe tdes Bi¢siphanali ofuefapentsleopess iy ain

the tenpeggrg Gind h%eﬁu%m@ntaﬁt asdgsiged chenesakek € iGUr LA QRSWaALd on.
Chanmber 10 . is also equi pped with an exhaust system 18 arranged to renove

spent gasé%rFFBh‘P‘?h"eoW%ﬁ iR (P e fersnbét PﬁrBﬁ%h"’%ﬁ‘?’fs‘:?]ﬁb‘te%ho% at
or near tRaibot eaBoafimthe, cChaitheres) axHeO PEEFipghe@ill i NWALB fbew oflsgas in

t he dovmvvarg direct og fromthe ga; i St {l bution eltement [232 eq:l ndl e
20 is arrARGEETW LR nP¥he® cRERBEF o0 °t hat T hedc TP ax?s 25%0f ?
spi ndl e exXtuetHsst nffdsre tipnedechtared eoMsward difr ebei @aﬁeer:l@rB:mm,dl.e ehas a

fitting 2 it 0 d he.en in 0 L t he
gas di st H%Bu |%?1§e% e‘?r%n%}lélzél&lmgt hse3t8p§’rht1f:cu a%&g %)I n%#] déeprlsxg O%f
fitting 24hes spigeiier adhd Comkbebtelfewmntthe axis of rotation of the

wafer carrier as a whole. Thus, the peripheral wall and
recess defines a non-circular shape as seen from above, as in

FIG. 8. The non-circular shape includes a pair of projections
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Spindle 20 is connected to a rotary drive nmechani sm 26 such as an electric
notor drive, which is arranged to rotate the spindle about axis 22. A

heati ng eWverreri02283i s nounted within the chanber and surPcomsdespiosdl e 20

below fitting 24. The chanber is also provided with an openable port 30 for
insertion_and rempval of wafer carriers . The foregoing el enents_my be of

conventi onaP @&ndtiuctHerr Sedrl kil Bhe s GRESBLRT r 88EiPBRY @ haWBérts e sol d

comer ci akk¥eyder Thiger @gogeeeedntr agenapkcéRBEREEC thymt kdeVeather
I nstrunents,. I.nc. of _Plainview, New York, _ USA Cgﬂse% nee of _the ent

appl i cati 8R% FHEB8TET nOF hePBPRT &S i DY t1 ot |§P§:|?§&T 19 waf er
carrier 3Zrba nbentathtaalt hexis t szzg oZ4 tdfe t hafspi ndkmei’heh\mﬁgh ey i er
has a struct e WhIChI Iude a ggg al Iy, e formof a circular
di sc. Thecﬁogy desttabl ynjlgls for%rreag rmﬁt[)l ithi ({31@%?5 9 eraltnlon mstta iC
refractorgratteratias, dti@rt@xm'pduewra Pt b ridfaigedt efdnfqedmatdtengr oup
consi st i ng,gf wausgkcwlgartghge cPUALNH A 1O, AF Rifle ol LR
nitride, um na, sapphire, quartz, graphite, mbi nati ons 1 t er eof

with or wwehdudinathef rEeLony é@éFhﬁ@ta§r°Worthéx§ﬁEFéalaaéaﬁbﬁéé nithe de or

oxi de. Th§e999¥ 9f7otE‘§n<‘!\Qf €5 ﬁé‘kihfﬁeh@%afifd’étom&{ta%tr faSedefigld ed to
herein as the "top" surface 34, and a second nmjor surface, referred_to

herei n asPER&PRYEY t Gf1 SR f HBESS6. anﬁnet%?raewaifélbf slppingr dreiaet@l al so
has a fityhny 3dartrangeslakomergagentheidurivary A @fs téeestiddbe &mﬁ to

hol d the bo of the wafer carr n the sp indle wth the top, surface 34
faci ng up\‘XﬁEéFy TS h&Og a}é L‘i?stt%eouf'fagﬁ el BhefILISSHY V\‘ﬁ”t'fsp g‘eoottom
surface 3§uf>pcrtlglédg\avwm5dl y tmowat dehbadt i ngfef embspoéédamd awey gaakatt he
gas distributiaon elerret yb th fer rrler body
may be abou?i%e&?gm%e %rr ay(:i:\l\@fv1re thi @ séroo:f l\é%car?lggf e ween
top surfacemaﬂnarﬂillmmlo'm spata@e Bomrayhbe perigfemmldewadl 18t 9 abherin t he
particul a nt £ g

Iﬁgggp%ye pddd U P dra feh® chighlba cig ﬁ I;%{%E%B%ﬁ only

frust ocon depression int e bottom surface o 2. Howev as

descri bedatn @@peﬁé@)@CtmﬁmnP?a’ass‘ir@ﬁ@éeQ Shymignt tPﬁqud@@t i of Néle

2009- 0155Q28eAl wilhepdi $Ehemyzea0f WHiE dehdier@Pymi ANGRIr RO edisk M ure
ref erence herein, the structure nay i nclude a hub formed separately from

the body ¥AHI®REORS t4ithdTd&eb¥atREor porated i n such a hub. Also, the

confi gur atroo®e pf thce fwatftemgcwrkheeleplw&h@ ttihe cgafskgur a¢ b Afrdtdien
spindle. [.0026 carri, e{l has _numer oys i ndi w%g(ﬁ waf er - hol d'cﬂe

regi ons 48'HENGTE 5 Yt oR&h Ilrﬁ5§rfaﬂcﬁl &8 1SS A (Hblgh PA¥ R&F &%l di ng
regi ons awétbepmr edtéduby nbnepeanbirnéeaktnrés Gon 1t3 hottomarsurfack as
illust rat| m;%eégjtlyeq cally is no discernabl e physical boundary between
adj acent vva er Ing regions. The top surface 34 of the wafer carrier
includes d40@éhii nuolrs tle rvafemt icrrderextiéndiaged nab)owtéleww;h irference

vaf er - hol di,ngpf&gi ons , Mapp, paFtign %ﬁr@%e? gbé)éaﬁk?%ﬂ- %

waf er - hol di'ng region inclu es & waf ersupport a pte 0 ah I Vi dual
waf er 42 Hovwevehe pgatits cdlsar nefrboegéaentlafepiast eghen Fn@sntiory, CtétTe v er

support i Br@é@f'cél@f @éu@' QhPGeéGQRQBr' agl-pdess a C'F‘B?”'e@('ém,e@@keta Abfer
extending into the the wafer carrier fromthe main portion 35 of

t op surfaéérgﬂere%ﬂysg%ﬁ FERkEECRadPNG IS - f 11901t Ss HEEe 148 Sd@EdSdd Bl ow

the gener ghel @gkrofcarefesurdate 34 debtngsedyabbee MRl BhpAielfie@@nde. do1 this
enbodi nent T %I ogr surface 46 | nom nal.l ¥ &of | at__surface,. and ide %éﬁy woul d
£ a

be exact!y BoweViZH e VEF ac tPEalc TG i 7 %t 13 & 1

limt i tssf;Batheeh toe aBolii bOrHOELy | mwdke Scdrichvam ) Treaacmrmnqumnmrf roma

perfectly tlat pl Pi‘gor"%&&aw ati¢ ed%‘é' %“ n.bel ”Qﬁu e Lo dBke jLhe
i'SC e

fl oor surtace concave. edint oslire erm "SUbst ant1 al | y
flat" shodenrbesgmdarsao@dswcreefcér bleﬂugwt bhe seripleravhirdrt i I%ft tthe

Wi thin abeyte30 SUBMQIed eSSenbLOOrs Ul f2G8 46648, I N the formelea Ciddhl e

having a cenfral axis 48 substantially perpendlcular to the general pl ane
of top sufPaEecgqmakgss ifor 9aPed§® SPeRTIOURES Mad6r st agbe4d 1qdte

support | gdgeace larger at the central axis 648 than at the periphery
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50 having an upwardly facing surface which is elevated slightly above fl oor
surface 46. The support ledge 50 is in the formof a |loop encircling the

fl oor surweceltkmadsoncentric with the central axis 48 . pCm/ush@omodsdi nent
shown, each pocket is arranged to receive a wafer about 2 inches (50.8 mm)
in dianmeter. For a nominal 2-inch (5cn) wafer_ dianeter, the upwardly facing
surface oPfstpgomafieadge BOLT siRErereRSt BRtethaEMah FRE1SEHaFE oPfalbdst 20

nm t o aboyhp 106 MRar ek Sesigr, atllny talaouhmaOmEQnam abowee fd&%’réw&vﬁﬁg 46
and the w dth VW50 of the Iedge be about 0.5 ?%I%n‘n%{:I For rger pockets
t

i nt ended Po Mol aef&™ -wasAsedt ﬁ@?EhﬁFn’é‘ﬁ%i 0?11%6
greater. 3%hefsekf agevatutde cguaaar ttHee daewsfd deswiadl p,i S.rél Sapiaﬁedvlen a

pl ane paragllel to.th ne of o1 surf e46 Suppor t dge 50 is _al so
recessed %h?oﬁf"ﬂﬂ%n?fg %%%‘Pﬁ o‘ﬁtf 3§ eercucrei’r‘-’lr er taog g’u?’fla 8e°34.

Desi r abl ytheheaflest ane ecmft d raarnddh oyt cqo rmm:flamaraztyt ant tbeufwamdg faci ng
surface of éhgsssfo"rpoééa; | e%%ﬂe%sﬁ%ﬂu%sﬁ 149, §0L "DLE ézﬂaxtiélh%otd(? GiRgss of
awaf er to% sed.” For “exanple, R Vater carrier arranged to process
sapphire waﬁermsm oth2ckneés n@mﬂndlermeamtmmlmdthsﬂmﬂh FEeSILESRANCH| gleadss,

D50 rmay b% ébggéégﬁ? 600 sMB4s, [ Q%hle Ang Jt;apEPZG@?St 8AYS rBMALH Y ezt he
support to the top surface 34 of the wafer carrier around the
entire peFPﬁh%‘F@anﬁ t he support | edge, and hence around the entire

peri phery (ghappcketr e hdbldbRnehd R iRl invardley 1 dudraceeniial
axis 48 at an angle A, typically about 10 degrees, Thus, wall 52 is in the

form of alfrGSPYFH of HWondhe GEISRERRE boCLomPSuftaRE B¢ ifc Hednges:
carrier beHy 32 zeS @ﬁnehal Igappl apar neexcetme t baht ¥4l hiarieachuanaber thel di ng
regi on 40, e bott rfac Ianar ty ich hi s errbo i ment,
is a genePﬁFF?tconl g‘ pr%@% %ﬁ“ %ﬁ%l'f% ﬁ}o‘% t"ﬁ%f‘?/vaf 72 calf®é™ body
32 fromt bewbngf OmISCIHif ferds | tot hnsrea@edthens;zeaolﬁ depr a$9i mxreahra&han

i ncl uded an of. a nd is t d

typi cal | yCS Lr f bp%k}ee eevdec#éprtgls%sicgﬁwg% i%%rg%téﬁrwam dﬁn?ﬁf ng reg| on
40 is coaxhah v\lne rbdzvneugzam rab ixas we ofizeheff epr 760r fackt 46 nimimvat
(egion. s gPafthhh%eﬂ £55k90 %sl S a3l ¥ped fliddhalihg e g,q@tt%cef oehe Hdl oor
surface. Th ness t of the wafer carrier varies wthin
t he regi of2Al ilgn@%isw élth F | gyl nﬁ?é’ ttﬁlecréﬁ§§§aﬂ‘sa>é%sa m i FRHAESHATS t he

center of ¢hhe dhPeheqate FEcE 4G aBEwimEr aaaesl%ggrma\c@l YCLIIQJaﬁtu!F%Xl mum
tmac outside of depressjon 54, near the_periphery of the floo
rr&ﬁ%m i cale

ment i oned tBBoYRLSY heATiRISh R ihgS BompL 3?""685?? bf 32 | 3%

el enent othsubstidkineals! Yaihi hehaeC sl Oﬁesﬂmcd hef madtey i Bbdy is
constituting the wafer Cal’l’lﬁ Egdy has_su sta !Séa[‘ uni form t her mal
conduct i vPEGAtThe$He S d8RdGEEENEEMBF < ¢t Frier body in the
vertical dooeslion A s wafeer seé:yrmmpehbwnnain t CFIGBe t e cihedssofat hepwaf er
carrier bod at_a | o¢c o] The th rrral ti y r rrier
body with r\égﬁcé%t rlg)téc‘)l heg{:ilf1 eal the porect |°§1al g%Ilgrec ESS%%S ?lr ectly
with the shingkaessot thpse hélmﬁl%fsed:aabcme& wiody . rafarencgt tchd Idént rlal3 -axi s,
the thernﬁleréeagaahv' E)ﬁcrxsp'b%kgy \i%lcxiuhew avwﬂ oS 4R, (e Ret Pheigef the
fl oorsurface thermal resistivity of the wafer carrier body is

rel ativel $5Ai gd [D0PSFiPResRbr #Rldn, 8%epm3%¢t3ere& rreYardly odged viten

waf ers 42 sapgopt aaedgen ddechpi i 2&:&&& 833 IJY t g ORGpAtdAEERRSI L ON
shown. As best seen |n FIG 3, the gerl phery of each wafer 42 rest on t he

support | B8§E B36317pr EREr ¥BEGY CRETOVEr PAP Beﬁﬁé‘éﬁaﬂhéx\hﬁf &R 2aff%
support | edgerl Saptiér rﬂsnlar&upteats floar mexlaﬁmhg tab@u*spﬂncmm oso lass thHee top

surface 43 g each _waf er '13 q:r %? nar th t.h i.nngI’tl on 3 35 of the

waf er car P ?rt §5T8arf ade 34 U Sundr Y eﬁb1 p&ﬁ%@t 16 %otR M sur face 45

of each wiheh framdkstdoahs@r dhlays t@v\medlttrlaé faxios supef axe 4Be bgroneLrsigaced

above theckhoor Sirfans. pdbg.0as B ERRRLANLS, I 288, 0agcIURRLY Bl eren!
e react| on

12 are operatedto suppl gasses spindle 20 is rotated so
as to rot aFEURRe RETEAOBAreNtENdADEULa YIRS taxeBt Dre b @h‘@u@él fHee Pocket

central axis 848. However, the region of the peripheral wall

-21-~



[0030] A s the spindle and wafer carrier rotate, heating elenent 20 heats
the bottom surface 36 of the wafer carrier principally by radi ant heat
transf er ,woizbtv/®emm convecti on and conduction through treTgmsomond@sveni ng
between the heating el ement and the bottom surface of the wafer carrier.
The radi ant heat is synbolically shown at 56 in FIG 3 . The heat

t r ansf er r BATEREShef IRM ('R KRFERE < ithé2fardr & Maderr SRS 16pwaREl §

t owar d thﬁoﬁo@lﬁuﬁaéicest%@,ndrﬁwvaf@kﬁdrheoﬂvaméSpéglldhé:p@]sedaln hhke pockets
44 on the top surface. is_conti nual transfgi gFfro the tgl% sur face

of the waP%?‘rcafr PéPJSHHl‘P?%n?FHep&?BSgE YphBYar RY &re FRace 43
of each wpbetidd ¢0 the senripherdiingslland Qe tduei z;rﬂq[]etcmlbhe 1|selsabwnel y
cool gas inlet structu [ 00 In. the_o ative o] n
FIGS. 1 ahd S° af%e ’Bo%?om surfac:%]%gc Oﬁﬁeg\%f tglrr\éca%rl er %Era]e?gt }é@o*n
confront soneeaheahengoal eppnsiR8. sidgs usédai wadhad dilvel GSGr @xttehvélner m

i rect 1y ecoRf ! GacliBaRS EhEE LORERa!SR: 0! ERELULANERE! cendlhibRLugen the
heati ng el enent e bottom sur ace o? ef carrier, which
unobstrucBes by ahy porketel eAentbeist Geganiing BF&t-wdeén tq'?@fhefé%qu‘?@téPérrent

and the waker hoar LfragiiG i L QR Sild ag; 3§a@11f1 t hawdehey, Cablhea @asirably
is disposed at a distance H above the heati el enent 28. This distance is

greater WPPRKRC dEGPEERT 07&154;84] - i s Bacha MARh HsE e t AB7 dSI0BEE poi nt
of each depigssipn Fbwaddd @hed Pk é\wmdémtrraqut akée, of i# hecleprgpsairans.

D st ance H vari es o%om telgy to thickness t Ogg ] Unl ess ot herw se

speci fi eds digectiny Hie898i 8aP okt r B thP I tical thernal

resi st ancebose)‘ ers i bperdesost aaeecﬁna:heatafékewsim tdmee upm/apdseldir enti on

per unit area. in hori zont al_.pl an A "horizontal " e i

per pendi cgf‘ﬁr BRS*EihE LFFRI%I’HJ' & |gkﬁ Te Verticar f’ﬁe aﬁql re§| 5 ance

R36- 34 of eh@agamémr gachi e:rheboqudgee) Béat dfl onhe hraouglesphedbody pdykEeteen
bottom surface p c ar di Yo Bt t RjaGK ess t
of the vva Ie“? carti e&q’t?tag §$££%h§aorﬁ%l ecgﬁéne1 %oeccaylstnance Ha?es sral

wher e t hecamfier cabousr F%n'tlrﬁ]ck@%lst h&22 edieadancke t ¢ orsdi aﬁ@chea{aftelransfer

bet ween thge Q%i}ngaﬁgifn??&mz%h@nq:etrﬁ%a@ptaﬁﬁ@ surgage Qbrbheafiercerrrier
body is sllght y 1ess at those |l ocations where the wafer carrier is

thi cker. PA3pRSEt FBe, abHFBewt { FUFERAERS | 85hefFi GBI &WCARKP I §adoPEsiBStance

to convecthvenangoeraduct ive A ddtanakenrkr ainiheibaati 3¢ ehafenhea8 to
the wafer carrler bott om surface via the %as |ntheretact|on hanh may be

| ess wher EPEhEFET 8F GarfATEr iTETHH AR Ed H1Y PEHETEP  So e ater

convecti veésandbnecendudti wa theathé rans;fsersmt af | thef ptdm&eltocat II‘has | $hzerral I

i n conpar nto.r at tr sfer Li V§ al

t her mal gg??fan%ve% ehe vveen gheat8|5r(%g éﬁ%ﬁ%gf % daboqﬂ%m gllrjr %ce 36

is smal | pariphgay i $dn tbet e figar.i at i Sratiad venotbear M?e'r makhe e sivardiape

between tRespohlomoulERLe aF Lhe PADLANRIORAINARS Ldge RE DAMlpe The
8-34 to heat e

verti cal erma resi stance 1 ow between thée heating el ement
28 and a ﬁéptla@@l arhe oedge orforthichevwa bpr siipf seasgans-f t Felfwatepdeartd er

varies di egﬁaiyzax\n ﬁ&é F@ratdy@@%%wefent BBeWBbEF ok 36 | ©he BRI iddahe
0

| ocat i on. r exa , for alocation on the floor 46 of the packet (FIG 3
) near théeggft PéPu8§| $heg RETIPRSTENRE Wit HRPPEssi IPAYST 1t REBHEom
sErfa;:e the tedigekngssthe 0w£féhecwterteabhu9r m@dyshmmf ql uaépé.@ed-ra'paraﬂd

t herefore R28-34, ocatjons op. the oaQr, near. t he
bor | pher yPEPRECLHITkNBEY: £ BEn kARG PhOPEFITER ROBE 359PE SFedtsr “55553)
The deposahdoah@rpmee;ﬂqdnall d&lupssbelsompwmlzesiam conductor on the exposed
top surfa of ach Typl C r gmgﬂg el ayers
deposi ted(igr gﬁ n thlg At T ]frlé%a%(gé%lfdlbr@f éaé e%ﬂc\)/%%% nmay be on t he
order of ©£10tkmen tlmvekltlbol | OWE@. byl SVer hashian axs:trxfueutrayeps viergr fldiym t he

active layeps,of Egetgng§férFggrf?gyn@f%cubgeénabg£5“@i@ﬁ LOEOF AU ALRS 2
mul tiple quantum wel | O}; MMW') structure, th ight -emtting |l ayers of the

MW st r ucF&FE - ndy 3be oROYREEDr dEP GPezm#erArfg@frrJ@rrs ?5- BIfm) 45hi d&c<brne

act ihve | ayepse88YVon i 54 UM, tiee ldomediriycaddist benaét | ay e Shd o zgntd10ses
such as
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carrier confinenent, electrical injection, current distribution and

physi cal protection. During the deposition process, wafers 42 tend to bow
in a rel avovelwo2prsedi ct abl e manner. The bow ng typi cal | ycaniss@s/00498m t he
difference in lattice constants between the deposited sem conduct or
material and the wafer, and fromthe thernal gradi ent inposed across the
waf er. | ndtheciQmplfEcdhoipe e HSdw A8 ndesthie RRAXGT -convEXUS n tthe
gpvvard d} tgsﬁﬁ@éh beﬁtioml ﬁSthBewaErz@éfrilﬂér43wQ]1::ht I&ﬁleV\/&lfigheQ]?nVl%ét- The
egree o owi ng i s great exaqger at in,FIG 3 for.clarity o .

1 Tust r at PERCUSSHIGE AT YOSl era ™1 ABOHT 80 T HATECS®, % RO S8R ng D
typi cal | yohsa onft heOrplerkeaf Abodtit 546mof fakthdugm grleat eentemi af, the t he
order of few tens, of mm QCccur _in_ so process ik h fe this
di aneter. ?I]:%?ra gi \%Bﬁsprcoocn@éurt %éLOBOV\fan% v t ends fto% Y/\%%Lﬁngv%#‘?hgkgquare
of the wakéfedimnmeferunedhuss, héatl Itremisderf attar sthee wadfigal |, caused ebyo f 6
i nch nom i . WM exhihi t I as C'h%%‘”g&&@e% waf g, of 2

i nch nom §g+c%%$%’§élg\é[%%%4?mfﬁe a’g%n%eér;r%%suregggevai I'ing at the topogurface
43 of eachxample, dépendls ngsstorhevibhala t KeEahlng egiafeanceabeisieen thge

heating e Sggagﬁzgf(gégﬁ éakeﬁnglgggséOQOSHﬁEaQ§i§3o@fr%EgtW@Bebf Rnk any

point on th fer aligned with the floor 46,the total_ thernal resistance

is the suNRBeTrt K@TrdsrstBtePfo FeRfStht LRedt EFSASEEr I8 REenthde RKb&ti ng

el ement 28oa0fohk hgukehtom FWdmcendf alkhie Vef erceatibhl ;ad hehé hgidless

resi stance associated with conduction ,b%} ween the botttrnfm sur,f ace angﬁt he
floor surPageeael lPheP¥esi At TT HEH" GritiMRTER alto SO RE ¢&p ©

bet ween t Aeapotfrem sthd aaridb off tbeatidrer amd sihe theoprsuefaceyadBesand
the resistance to_conducti t hrough_.the wafer .i.tself. A_s.discuss above,
the resi s%gﬂ‘ﬁjenq oa?ﬁﬁf%nélgg%fe tra%% ' bgfmééﬁf?ﬁ%n%eg?f[ﬁbgré$e%%n?'q‘% and
the bott oraser Wader3anays sebsttandi & dnenini teonrrEcUOSS -t he Femt iaa@nwdﬁer
carrier. LAetdOOLy ndiafAlG IR HULhACGa0L, IERECRSE Ofk Modib Al gt |y
greater di stance Tromthe heating el ement than the surroun I ng portions of
bot t om suphEERCSS, of Hdre Wafex sithghitemperahueei of ridis NEARSST gF%adilddt heat
transfer assocdatediid tdhdhrdeny €3l 98s. thRepr BEEbLE, rddtsidl ff alagage is
negligi ble. The resjstance to conduction through the wafer 42 is al so

subst ant i &F| franPeotRhetor Ofs thife vaherr €aRateF:  Hbhe et rIheadsiadt &fce to

heat trangher EkoshdsoevesUwhbse 4Grtacédeahat baNySHI sage 14poat ibhe ofaf er,
acr oss ga

60, varies because of the bow.ng in,the fer. 60 typi.cally
o T 1 eabark heXCEadE) AR e ot T L LB RN TRF LA HEE (ATl y | D
t her mal cbaduaet ioviet \temrprdahamee, tihfe & esasganpart oobeahet pandf erxtatdess t he
gap provides_an,appreciable portiogn.of the total .resistan tq he
transfer BE?J\TA/eéCrIf‘et he: egat?%ﬂ efentnt “arf rt%ﬁgg\’/vaftélre t%%ésﬂ'ﬁz]ic%e T%Lé fher mal
resi st anceéowér gaemperasuder ect Ther ¢leghedatiest e slemisghtl dfendia gapn Per
those poriogs «f Ckgse dipdhee perimhenyqofnd i Maf efne t hephei ght
of the gap ?s sﬁ rrp{:?ﬁ%%{%l ght of the sﬁppor.t Ieége mSOl al?ove thee flgor
surface, PuBfacElecl HORRVERT 1G] aRffT S R cEmthcam HEPeFBLULRE - hellghf of
gap 60 isgpereasedabyahbe bawidi@ di stametnfdy of chhe waf er apghusa the
t hermal resjstance of the gap is at .a maxi mum near the central axis 48 .
[0035] ThEeVERPSTHFBhi CKRBES, AT WEFOE™ ar3tely SHEEREF reRTRIAE S t he
waf er carghéeh ety ud2 fpravitdatentdepsessironbe S4hse@Qunt®r aekampbhe, eftlbect of
the varying thermal resi stapce to gap 60. Thus, adjacent the central axis
48, 1he WAPRPCEERTY of hotbt Fas® nPhi AOM PRBFRRI TET SN bR o Femt e
fromthe déenthalpaxdessAasicke Bdbeingailomy didiferleas gaeaser ther nal
resi stanc ted ot he tofa her,pal_.resi.stan fr
heat i ng eﬁg?rg% to fr%e Y%{)e%\ﬁ%/?ﬁ%gee% (?%t Ill%&vvaf1 g? allsS%RZJél-cgf%%tshet rtglr;ﬁial
resi stanckabeteweenvhe hehe nghereaknbagndess pdnhiboh teatwad@rdudy our f ace
34 within,fleon &bl bo&)?%f(me&iegtwaa@\e@“ %afrrHl@i‘* 9APnEP: 208 d Neaf Al SipnRCce

t hrough the wafer itself. ere the thermal resistance o f gaE.GO |sta
oPREh&twaf er

| ar ger, REBCB4DRITiREF| ArOVEde3eihemdldi i sk | RetVieeRneey

carrier iBhe wafer carrier having different thermal conductance in the
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the regions aligned with the floor 46 o f each wafer-holding region is
selected to optim ze the counter-balancing effect o f the differing thernal
conduct i woyoion2tdae wafer carrier at that stage of the proass@w®se the
nost critical |ayers of the device are forned. Thus, the bow ng di stance Dw
progressively increases during deposition o f the first |ayers, such _as

buf fer | aye¥&icah dheeiadt- t ofusShr igebat 1pR PRERfRTRF b ngEERFtised to

sel ect thgigidfaiencaermathi ekpesscdrateveen trien aRErhdBX w&&ule&sbemagl ect ed
to correspond to the value of Dw prevail.ing ffter deposition ff t he buffer

| ayers, andCHiAS nPHRpo¥PEEORALLY PHEMENY 3G hl ©F afBFET At t BBVABTi ce to
be fabricabesk L8E3Ma1 Thendherimltgontuat itte ys@rfolrld spl ndcenier i af in
wafer carpjer 32 is many ti rrg‘fsl %r eater hantﬁgetﬁehren(a lba%?:@%‘fc%ti Vi tgeof t he
st agnant E} B YA Y BT *ofher & STEPAERECHY f fetence 1t hckneds [FiaXs-tra
in) requi fednéd lopufdleriactt inige tbkf sefen fanr gpwers berparptBypisceangntdi mes
Dw . For t Cty &XReG! e O 4 f ,abo - -t.he
differ enc§§$r&#ﬁ%k§g§§¥?%%§ k% m nee)(l?1 dgg?r%ﬁr%e%s ggou%ﬁﬁéat%e%&&g nm
The exactexténdresceiqaliax witthim theeqafiegd charigrgi vé&eragyrmpaei oihean be
derived bé‘?PPPértéﬁnﬁiéf ¢al q%%gﬁgsa May8rPLetesah! $01h‘a\é@‘i]§g?gt bfe

optimumvalue o f (tmax -tra i1n) hencé t he optimum depth

depr essi OA31BIPRBHL P et Breri HRl B uand @sitnfiufasesr £deprnatér
carrier hayi gl depsesshohsr opost {derand depti nngaehsenyi bg the efiteets o f
these onuniformty of the deposition For exanpl.e, in one process for
forming o°f @%Rlbbéé’&ﬁeEEDs,T L PPE e Se B4 rﬁaa}grl?%rlw fﬁSut any
depr essi opsribdoshaw & 1'ibdirisaye'supdtter surkbbDndifgr phd fiaort percdepher o f
t he waf er_have_ a Eﬁl at i vel%/\%l ong eni ssion viel engt h,d v%q%ree%%eL%[gt%r];or med
fromthe ParfphBFYRSE YRB'SRY er MHAVEECYT AUVE JRhSS 8% $8F05

wavel engt iloondv i ataaig poleett he wafer top surface 43 in the center was

appr eci abl | er n_the .er . f . j r e
wafer dur 19 EE pos BRcbE AT IREIbRE M8 fSRac U e IR chelutd

wavel engt @isqhesefl sabobat icom obé¢ aiidired wdrdoatgtderdr:ing afremrl $her oad,

Wi th nor e, 0amh ©% 8l ehbfoal enge A NGy EQLSSI NN YRYELENIt HEABLRGN L RAB 3nm
fromthe nmean em ssion wavel ength. "A second wafer carrier having relatively

deep coni éaYeReiReskionbesn (pergsbedr BikRs&gIBHERSRYECPRECERASIREt RELEDs

fromthe %@I‘iﬁﬁmonfitﬂaa—wgéﬁ heaniitenaubsbapt | alHe shoeheiofM &si Obe
wavel engt

s than LEDs fromthe peripher¥, ind with a si 'IarIIy br oad
wavel engt AP £8¢ i BURTRFESMPY iOfdiceSeRE1RhhY 3Me %I%‘?J’r%r%au&’fé’ 54 drgs:
over conpensat v ngsémicdritRidiowisng coAthlbhiflg Cadie eromi tdowonicfal gddiriessi ons
about of lesser d(;:apth §E6| ds a narromemg.\lq/avelgnq}i@hdi %tn[ei bg%i Qn l;ehagfeither
the first 8P ¥he $Eona BEFPYRr TorhTS™4BRF &R ofsths CHSed®t n THE s&fond

carrier, aierogad fphobphtheus cammitémeniyn grddacsenic opamat bons.orfred3s]
Provi di nga Lo eFf Nor LAGHTRLRRAYUG! aRGCaPYNAEY | Bgni Ml ACSHR bt Ne
solid materlgﬂ avl ng r_eJ1 atively hig t Rer mal ~ conducti vi tg provides a

f undament ai 1 aevmneage diamondal 1ke neRrkeni manonke f poareseed déal sdiffifléFence
in thicknggss (t MmegidAdD, haye QRl¥ntibyi @hnefdechspPled henhgatoddansker -
For exanple, the tol erance on the depth of recess %4 can be on the order of
about 10°REFILPWORSHeFchEER, dRRPERSHPBVi des a practical nachi ning

tol erancefod$4oul drlaRRRES| bt 1get Ovaehheyéend handanEoimensalsl ot f @hebow ng
of the wafer by making floor surface 46 convex_in an amount equal .to the
expect ed YERHETES f BFCUSEERevEPOVE uctR N B r &derBRE - woul TPF ecfgﬁaf“é’le'

t ol er ancesneoasd def aklayyliags thieancHi dknessansk Wolé divaqeirr eaardeiplbedy,

machi ni ng Rroce%soé{)tjfoor{ m héahé‘ l]:%) Sé.ll’r]; a&aeri n iathdel i q_%r qatreel oc%r&v?édshape
. [0039] ARafFMPRat H AR5 A CorTHhc e W tH A Furt Ner & sditvent “of t he
i nvent i onby FE&ch4 watfhas spocleetto lgvowideh @i ffeadmgs wrHeane 11 46 ssirmtagcsuppor t

| edge 1505} t f s di e 1 1= .
1-3. The %%%ﬂ) a%%r%%g?fmo 0 l’%ﬁegwa g?ig???ggﬁaaé\%%pld&l{ﬁ% t ﬁ%}s%sl&ngs
embodi nentnhassnbppranaskrfasei whigk poemfélladprashi angetsd &r GidETwi th

the centralcaxis1 148a0ingachddR@ncsdiifcehigher or lower thermal
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These features operate in substantially the same manner as di scussed above
wth respect to FIGS. 1-3. Additionally, the wafer carrier 132 of FIG 4
has furthwo 2oonphkasarity in the formof projections or Potrisagedo49di ckness
areas 170 aligned with the support |edge 146 of each wafer-hol ding area.
Thus, each area of increased thickness 170 is in the formof a | oop

concent ri EORARREIRE X eftRR BRE s SHFTOURAiPHe TR RFiadyr Péceth%nd:arﬁfﬁ@é'
concentri oWt h H1BPewaPPaicH edgenbdimkntopahahaoa, aachlftilﬁ{alphﬂre)tnﬁfl t he
wafer 142 within eachtpoc et 144 rgsts o&)%he supB & ? e 150 Th|

provi des 4¢HbPEARTT e f SPCRERRCET andTeE o PR eﬁé? %heréipdof st

waf er . Stahedram@éﬁerlthLnﬂahenderehe Cloentreect reetiweancehe support | edge 150
and the peri ry t he f.er ovj.des t resi stance an t hat
provi ded E@bﬁggt t?&ﬁ%f&@ggﬁrgu % c%éMEEEQ%GSB% Y heen er?%%%én%%r?ace 146
and the bBEGonlsusfacesuﬂcéﬁmomkﬁsa“ tHeetimAnF eappard tisk nigs sviprady ibged by
the projecti 7 e t t resi ce, of Lo Cqhlul er
body 132 |% rg%g%g§§3§|?§%§b mn?hgg% p%gkﬁgﬁgdgg %%i?% S ESU%?%racts
this di ffbpencre strhfscdneB@s ofo tﬂrrrenrqmrzeeen f f Gisvides priggipaes cempdeat ure
bet ween t?pgﬁfé%pﬁﬁ% %farta%sw@fr@rea%é he £] @ge@fraars@af.»re&O%% the

Addi ti ona bottom surface of wafer carrier 132 has further
proj ect i oRS2L¥DI af i gARRE WFP haPhdBECFBERbRES 184St ¢ h%O‘Y‘f‘a?rHYerretfc?&r% face

bet ween pegkgbsal4duscdpisr pr atidlasaHsiflelrBighesmt fige r@,hséé;aic&t ajec & hien
t hese areas of the wafer carrier. The interface between h@g V\%]er carrier

and the WEPEF19%2 | nEPYEUEEs apprieciiefite FRERHERT r (Q§S§F§ 3t &ds to
reduce thenteaper atamer of W&rf'@]igHOdD spadeacei IH3 below stegriearpeymtasss of

t he surroundi areas_defined b i ortron 135 of t fe rrier
top surfaf@®1 gtw??n Egﬁegil?(a%? °t o ‘%ﬁﬁ R N esruel;rsrfcaecsfe borekfv\tr'evr\%n “fahfgege

t enper at ucesridhe i ncreased thernal resrstrvrty provi ded by projections 172
count er act ef f d n e n us ns the
t enper aturlésggia eﬂrr'"larrlo(r?r or?P%ndJl%é iosde %g%ﬁg Sﬁasaeggtgﬁr edé(gdﬂhb?dwaf er
top surfawetm43ref¢nem©¢s t@gapdrt%¢niﬁﬁnsﬁﬂhﬂdywa@ﬁsb e i%ai dsportoi oe135 of
the waf er ,GALELESOA y9h§€-| ltl‘le‘éﬁel lenfholihi Rent £ OB ENGBISST M6 tliRe waf er
top surfaces 143 . difference in emssivity will “influence the

t enper at urtéedprrré%me%s b@{l@\e@mp%h%amrrﬁ R t515h IS eRid YHEWR8r t I

surf aces. 1¥\h%hérEBSr@m:§5b\él hﬁd@frs&@@d MBh&t PRGhéLSud SmSd O dd tCisis ndyi gher
than the em ssivity of the wafer, the nain portion my tcgnd to run at a

| over tenp&raldfe than the vt BISHRF V6 f BRI IPRNER s th3te Qe

carrier rrayrhagem&etpé asayom deaibed whemou ofesd dtains; fizront hose qrmrntntons of
the bottom surface ali ortion of t op surface n
this casePHofSREWARY ?P{S BS?F?BE l%YertnﬁJegwa erg%grrreicg(rab al%neop%r%e# he
mai n porticdnioé.the wafer carrier top surface will be thinner, and have

| ower thermal resistance, than the portions of the wafer carrier al i gned
with the pockets and wafers. [0041] The wafer carrier 232 depicted in FIG
5is simlar to the wafer carrier 32 of FIGS. 1-3. However, the depressions
254 in the bottom surface 240 have a generally done-1like shape rather than
t he coni cal shape di scussed above. [0042] In the wafer carrier 332 of FIG
6 , each depression 354 is in the shape of a frustumof a cone and has a
flat surface 355 extending across the central axis 348 of the pocket 344.

[ 0043] The wafer carrier 432 of FIG 7 is arranged for use in processes
where the bowing is in reverse of that discussed above, and hence, mnakes
the wafer 442 convex downwardly, i.e., such that the bottom surface 445 of
the wafer curves downwardly toward the floor surface 446 adjacent the
central axis 448 of the pocket. In this situation, the gap 460 between the
carrier and the wafer has mni mumthi ckness and hence m ni nrum t herma
resistivity adjacent the central axis 448. Thus, the nonplanarities in the
wafer carrier bottomsurface 440 are arranged to provide a relatively |arge
t hi ckness traax adjacent the central axis, and a relativel ysmall
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thi ckness tmn near the periphery of the wafer. [0044] A wafer carrier 532
according to a further enbodi nent of the invention has a pocket 544 forned
in the topoworiees3s32 of the carrier within each waf er Pholusovg/oet9en i n
substantially the same way as di scussed above. Each pocket 544 has a fl at
fl oor surface 546. Here again, each pocket is provided with a support | edge
t o engage“th&MPer i phery of a vvafer and hold the wafer above the floor
surface 546. However in this enbodinent, the su port | edge for each pocket
is provided asta pl%rca}‘?“tlfa&f VF‘BGﬁed?E‘@‘T’Jo'rfsorSﬁ SFEEus ﬁﬁ‘g PT1$1% one

anot her around the pgri pheencefiohhehédber; and hence around the central

axi s 548 of the poc&ﬁe)t Thi Se m, nllm zes é:@cnctuarcet ggr%&/lverep the erl hert¥1 of the
waf er and the suppo | &g S atd RENCE R iz e$ |nequaaf it eat
transfer bebhwebontdamimfrer carrier and the wafer resulting from such
contact. [0045] In is . e I p i 0 a

wal | 552 extending {ngardr}ge? r#t%gétp%rpg‘?&g dtﬁggg%%kngt(%%gl%
surface 58hawbetr hearwif er carrier. Here again, the peripheral wall 552 is
inclined inwardly agsshawn G g@%p erigph SWY.f

sl opes inwardly towgdr)d %he “z:a(rafrﬂilr alcagrxrl’ls?sro% Itlr%Gineocl?et EE{o%llyt hg{at])g\(/f\lgrd
directi onOPEVrﬁr’élebr‘refatQ}ﬁlgsu?qFacen@3@°6F°¥‘héuﬁéP§?ScaFF‘-Per‘”aerﬁ g ier

embodi ﬂenbelhgwﬁaﬁﬁte& hen PeRé Phesét i el dhdiier Ssd ey HaRd dypiaeiegess 570
al ong a portion of the pocket furthe t fromthe central axis 522 of the

waf er car Fher h§atdng ; gleReBE ol ¢ €r f FFER% %%%d WiFeR hbfeis e \Rgr er
carrier Oéléﬂﬂ@nﬁpldaﬁ| ehandbdutvdrhestirfaoa tdfe akes midy opati hobpaily heywaf er

' whol  pher al | _and d
o ci 1 cuPARLAREHE act Moo FROMTRIO0, 85 PRUERE T Sond Test MU

shape i nciragésna, pahe dfody odecindng533 wéfe¢he suppersectn orach tweeegi- rcuI ar

peri phera a es Th P, t g;ﬁ It fr ne
anot her aha‘f@ﬂ ogge] {%?1 o%%%%l%g&slvége%&gfé “}:2‘?6%19?9?12’" %exten 3‘ from
the central wafies 52xhofa t hepwasbwfacar dferthenrvfgr t expeesd rat &kies BP8 of

the pocketky PyEL “&f%?é%dd%ﬁ dHae t%%%%'rnersﬁErEQBedHP tRe "B &) 1KUY Y non-
“centrifugal force” actlng on the wafer will tend to force the vvafer t owar d

the peri pRéRBRTWAA FR2E héheedrehis f’éFtlﬁestlrfrBHi?]ﬁ’éeﬁfe’nt PRl 3PAIEBYE . The

recess 57@ntenss tQeBBXtahde thecheesce eheconkaeinget weenehbe paui phery of
the wafer and the inwardly sl op\AH?%perl pheral wall and tha%émaxr m zes the

downwar d REPLEE2EX e PERT LRt B r EOPeitiG<Co Hol BRE h&AhGFercast L&

engagenentyawyihgt hii rtpr t wh edgectnd0 thikkaessul af wafeer bddgposed thatt he
pocket will ggage the wafer carrier at the projections 553, and remain
slightly spa@ romthe peripheral wall at other |ocations. Because the
waf er engages 2he Prpateera asaldlaomied atntcrialprdr edtereig, theatoddyaresf er
through thg.edde.pf Lhe;waf gy ‘q]'slpo%?dma% g‘s 42?, 1N AS Rl REiPZ e

tenperature variations wthin er carr| er having the
pocket cofhegubattem cﬁbefc,fls‘rl;f‘r@edoébo‘\?bewlwd}r efderr@r?@éYt ocrnEonginghd thamy be
made wthhggt%%hgigmé}pcn pl anar features on its bottom surface as discussed
herein. [0047] Tn the wafer carriers discussed above with reference to
FIGS. 1-7, the roo& suxrgtalcesagreclsubstdantl al Ily flarL wl—lpv%velr tf)gl Jdss not
essential as thé invention can be praetl ced using curve oor surfaces

For exanplheleh wefeuctomre i éis bddgp@sed dephated nhn% FiWwafet( ¢aryesver @indy

simlar tgrEQm%M@fé% B ddeer a%oﬁﬁwﬁ%a9a§§U§§£§%&§“€H§‘Méf@rr65§£§éf? to

FIGS. 1-3 ver e carrl er body 632 h oor surfaces 646 which are
del i berately de concave. . The ceLnt rn%ld g%r on og gcphfloor surface at the
central axis 648 of RHfE poc &epresse 8)’7 adistance & e wt e

peri pher alsppodléeomoohtedeifl @bre gmafca;eep rc@m]rberf fom axitat848. apemtc@ncave
floor surface; gakes, 1he gap S6Q.belueqn,! buABgat Bt [ Lpokaiurdcace

| ar ger at tg%glggnt r’éﬂt’ axi's 6‘“%8 Iﬁar‘rj1 at rétrh(g)%p 1éryo‘f1 pﬁe 19 er Thi s

i ncr eases rekatiperphgreveidinst ance of the gap 660 near axis 648, in the sane
manner as the upward bowi ng Dw of the wafer. Stated another way, the
effects of the floor
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surface curvature Cf and the upward bowi ng Dw are additive. The conbi ned
effects of floor surface curvature and bowi ng of the wafer are counteracted
by a nonpveartarviy943n the form of a depression 654. Depr @€3iusp0085d49pr ovi des
the carrier body with m ninumthickness and hence m ni nrum t her mal

resi stance near the central axis 648, where the gap 660 has maxi num t her mal
resi stance . [P048]PRRREEESeRSOdFHEHICDI 1K eladn 1t WBSFPABr caGht ¥8€°¥46 i s
Cﬁnvex. ngﬁpoi@eiﬁuéﬂﬁém@£? Gd @igddgae aff |;9éﬁﬂ‘ipﬂi§r{(aac©drﬂ:dbﬁxe8>fme C‘;&ifée of
the gap 7 near _t central axis 748 of the pocket. In_t e i_ment
depi ot 6d, SPeRaPEranSEe SRAEFE BOWCREE TRt BRASIPE CRcrOSsdathE fze of
gap 760 nepacédef eantutal badiys of48heHoaevssr,. t he convex curvature Cf is
greater than the bowing Dw, so that the size of gap 760 is at a m ni num

near the centrgl axigpaid@usanih thecihe! "Bl Eesimt ancReebihheagap watedl so at
a mnimum near the central axi.s. To counteract thﬁFconbl ned effects of

bowi ng an8UPPRBF dBFLULES car VaOPFe,2h%he® waPBPOESr 1F8RCpSdPPREEd above
nonpl anar thees1d&4 & rege@riphehat of hehd hixdoress and hence thermal
resi stance of the body is greater near axis 748 than renote fromthe axis.

[0049] A waf er,car rigl,,shown ids FI {5 dedg 141 hasc8a{@AP §Ur fAeee834 ichel udi ng
a main portion 835 and pockets 844 simlar to those di scussed above with

ref erencenPBPAWT itiey  [Br FhRaPRICOACFWIAS PRRI FFESTESA o¥p &h6T
support | Qdggrh 8a@candiaeRehblBehg! realibn8axhePrivp@Et hag wpwadrlluniffoem t he
support ledge to the main portion 835 of _the k%Ivgi:[[%é?ft%rface. Here again, the
vaf er car FREFKREES &/ ddhtt & T8RS 8251 gl t'He d8PFirer is adapted for
mounting to a spindle so that the wafer carrier will rotate about such axis
during operati®n. ERHRnsdcitetasalmsiteds i@ cditiimal’ aiier 948 HitiRe sgednet ri c
center of yhher PRSKSIng T RRS,| RIMY alnivihles858 £ RELUBRAyAN sAkGUat @ Jeqnt i on
extendi ng al nost entirely around the_pocket central axis 848, _However, the

regi on of ™REMR I piferkacardrns aligred Y1 thfe S&&Erarfakhe 85%°%f the

waf er carrier has a non-circular shape. This region of the peripheral wall
has a pair of 9roj capaordugsasprugaddtedngn edaddl y7 fwhmmeime witdhiat €agdrti on
of the peplpberali yald - rdNQrsUGh 19 i@KN28 b TheWpdd) detald 4 ndeh& 14
Projections 853 are spaced apart fromone another on opposite sides of a
radi al | i Rénduen a& endiargtiranrtheetaf 6P™ cHte i tEen OfalFhaxf $°9hr ough t he
central axis 848 of the pocket. A s best seen in FIG 12, each projection
853 has an abut®rentApnadfedce 857 feaditeg iimwvaridliyn 7 ovegwdirhevigddketeacdnt r al
axi s 848 Urfa : [ I rd.the et
central ayﬁgéfﬁl@$%d%gm%$l§%l ?tglcel??célnl% _r(%(r%ngl gg\é\%%%Séyotng\r&r%i (r%t %r t]i%g%KBBS.

[ 0050] | nmaperaridth,a cioeafign wdfignsdguithrealiagidsad ofnthRef poeket s and
with the bottom surfaces of each wafer in engagenent wth the | edge 850 of
t he corresponding paudeastatuBheasenecitedalinf arledmar? swhgréinmernchatsadd of

t he waf er ie tral 1.S..822 tends to force each wafer

out war dl yfg%); %ro%ﬁ?%%ang:g%tlrlgl pgé%lg.r' Each wafer will rest against the
abut ment surfaces 857 of the two projections 853 in_the pocket. The

proj ecti ons art?di MERAGRE s8°5t H'E.RCW?éln the GG of FREFEP rERE s '9Fai nst
t he proj eshiro88e bhetnaf BodySifnona@sd ra cmidh hpbhei axi exBABiiolg thex weeeket .
Thus, the waf er qve I B$ thc%el gggg %?1 e&u%llx 8L ound thetenti 1eldgeriaphery
of the waféf. “&&fcd°andthes g\'ay, t hé overtap I 51 aRERPDO (#P 25 &nd 13)
bet ween t peckaner tdedgefbort edge 8Bbpmrt t hedgelgefofeddie waffer isipponst ant.
This tendg_tg,e i t e, pot f.er. and
t he Iedgeggggﬁngé‘%ée&gderl p ert;h%g atqﬁeg\%g\fagrga r’ég‘\g/)e%?gnb%%%%ts}get e&(ralélge of
t he waf er thenPecketorfioy that skael flepacderayara bebjert Ferfagg3ofhdde
transfer pgtyeen the edge of the wafer and the peripheral- wall 852 is

m nimzed. [0051] A wafer carrier according to yet another enbodi nent of

t he i nvention | G a confj gurati o engrally sjm t.Q t waf er
carrier di scusggd a eravh\-‘aq%h ra%ferllee%‘léé:%:do %F%S%quir, I%wevv%a}?%rell% thr{Zlewafer
carri er of:hﬁ:p@eq_%, ofacdithe body beneath at least a part of the main
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depression 954 in the bottomsurface is offset in a horizontal direction
fromthe center 948 of the pocket. Thus, the thinnest portion of the wafer
carrier, wot2bhiovdresdhi ghest heat conductance and | owest tirerrskomwmsiost ance,
underlies a portion 946a of the pocket floor 946 offset fromthe center of
the floor. This configuration can be used to counteract the effects of
unequal hBartiPanefelther dAR RNERSS tAUSESRHSE pEbRRsSPeodickaRESs@Eh as
process gagef boay Pl vls theOE 18%28PbE, the via fedach@powitk a rotating wafer
carrier, the portion of each wafer closest to the axis of rotation of the
wafer carrier {Ry be,coolef ted Jeepled dagragy! NBRle! Noe PO Gk faunbhest
fromthe axis of rotation as the process gasses flow over the wafers with a
conponent wbeérebe | @achn sWePeNay 1PAgm tife gRPstantidtlfi 6ANtARYSYSt R@d
process gassescidoOWHY agsss different wafers or different portions of the
sane wafer may be at different tenperatures. For exanple, where the nmain
surface of the f carrier s c han, t u cegeof h,, the
t enperature ofl%ee‘{r})rpoa?gsesu%gaggm ??Lgl[é%%ngﬁlongm %gltgh %i c%i{aﬁneg\gsfag?’t akes
bef ore reabhraigna agafrer sappphe pkedgshedpcdpdede avafduredityerof | flesidear ge
part of t&lg Pghyo %@@@saam PRER! osdlr § A6Ea5 AN QY theS B 1 IR Qi Of
pat h exten % over e wafer carrier main surface, the gas wll be at one

t enper at utbe fioer|arge part of the path extends over the wafer carrier
main surface, the gas will be at a | ower tenperature. The techni ques

di scussed herei6. capdrrased e coapensdt eirf omanyhesseef bEctslaims reeili3t ai n
the top s of . varl Qus fer . uni far enp t . a
further vgﬁ%g(ﬁ?ﬁ’tk‘{velg@%flec%%%gué}g%ggnﬁgg&ég Iir% tofr)l'deﬁ%e:ﬁg)?gl ylll%sr eat e
non- uni f ogreabéer thurkness t Rper aegies. addghedomighi ftdem supRsaitatifdes can

be used, f8LneXANPh CimfeiiGAWILLLAGhcERE B84 5 S10fgranwiRkLf ene £ east ant
concentrations in the process gasSes flowing along different paths. [0052]

The wafer carrijer Fl 5 sQ_| de bagri 7Q._,Th

thermal barri e!rlz' i %ﬁ%ﬁﬁ%ﬁ%satg‘léo% Eg%%n?é\n t n%ee %édf/&%?mghg \%gf girn
carrier imhhohi zbat hbddi rensishs. oSuahshhsrart kalphovietw titdviralsliadoladt | on
between por &5?9%:9&# headafien Gathi r Davadig d fdenanl therpr! seggduct ance
in thevertica Irection. Such isolation reinforces the effect of different
t her mal conduci nce, The t(ger Eal barriers magi ncl ude thi Ny v%rhti Csatlelp%/_

ext endi ng | ayers: of® BEEPPAI ChaR™RGeCEMR? REPKEI COREIELPYi (St Hars Fhe
surroundi pfi:material of the wafer carrier. Alternatively, the thernal
barriers nmay be for;g)d VLR C AN 4 W Maf el Gar rdera a5y {Ipaéag_qu i eces
and providing intertaces Bétween the pi eces at surfaces I ch exten

verti cal | gowithhaitn ealed waffer car rdsposmst widdripl @@ vakerdheidmpfregign 15
includes aemajyar RO AL defddiftad hg BBLN ReEhLeN #f die ¢op-uyface
and part of pocket floor 946, as well as a m nor gortl on 902 defining part
946 of thé&he| CHTCTeaBAYPRELSRTIYIRE | HSTdceCORdBrdnes Y2604y ¢ n the
form of awgybindbigshg stEdidee surrounding the minor portion. In a further
variant, the mnor portion nay define the entire flLoor of each pocket.

[ 0053] Nunerous var F]%)ti J??sa%ﬁ’é OBP HELT oﬁ‘ér%?cef hett &Reurdd i s‘gatf:s%lee(f above
can be utisbi z@@twiHdarutt taparittited fomighe treesertierd nvaent ican. mddbited yndhy way
of exanple, although the inventian has been described with reference to

pr ocessi ng of ga?fl G i S RN ESe G°TRA conduct ors, the invention can be
applied to processi hg ofwhaislgent ithkl y wajeseni coreducksr. Thas, ¢l¢vated

sem condu niai ni e, Of, f | icu i gdi iJugm in
conbi nat i g%%néfﬁe%%% O%B%tl)?gﬁ%f rﬁ???%ggn,g%?ﬁgssph%o? ogg?ggﬁt %%n;a/é%% arsenic
can be foepsfacapsel the Wafsasfiiconductors and group |V seniconductors such
as silicon and di anpidl-eid kenearRomneAnabe PR SadriAgSitAd abt¥BY Sof
Further, the_invention can be applied in processing operations, other than
deposi ti oRPPLBBBY] TRARE! BEs I8EREF P& dthorROwe c%?'r“bg"n%t PERY b Y

f eat ures dnstuasedrahof€r Charowechy ivafzed.cak@ieexaiiphen eash easlf af, wareyi ng

t he thickness.of ttI}le waf.er carrier bod%,f t@nee compasi t i on of th% bi)éjaystcan

. h r n ermal [ uctance er carrier a
vary withi"f YAt9ared SEcuped
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by each wafer so as to provide differing thermal resistance. Merely by way
of exanple, a wafer carrier nmay have depressions in its bottom surface

whi ch ar ewbi2bload4a3t h a netal or other material having ®abbatsamviosdoBy hi gher
or |ower thernmal conductivity than the surrounding material of the carrier
body. However, such an enbodi nent can have additional thermal resistance at
the i nt er Pagksabby weerPeriaring sforandhe Iy HiGMisys I Meatnfiiamsden he
thermal resihst@nsg. tidPdinghe enbodi nent di scussed above with reference to
FIG 1 is a "susceptorless" treatnent apparatus, in which heat is
transferred from the ealddth el ABAle P8l 8ok Mg Quidie ROLLAMAULT 3ge 36
of the carrier."Simlar principles can be applied in apparatus where the
heat is tPRRRsYERY eedqtoiva uadsest iinglodefeAPPlving the ereactiiste adsaeent

commonly tgf e5fRth ttid UaneRkBbsed fFrddAany ehikadywheam the susceptor
to the carrier. However, such heat transfer desirably does not include

transfer throu a space filled w.t t, t. pr.qce t

susceptor and ?Q'e b%t‘{‘%%%dur sgcreé%olf"}%qieﬁgmn%e%rmgal(rﬁr i°§f.&%§6€§]9%%gg t he
i nvent i onther etep haf haert idus ditieh e fgirsh iseper Eormed cspaas ittulrgsition
ebodi MeNLgen! baleSr! BnD@:UNRIN 00dshBatadDies LIboMl Megl e AR, TRl
illustrative of the principles and applications of the present” invention.

It is theféporesenfare pfdéhet vaderhadrvit®®er ous nodifications may be nmade to
the illustrative enbodi nents and that other arrangenments may be devi sed

W t hout departing fa onethwed sqB ridcidredl sicopeladfm tdve witeesdmt thevettepormfas
defined by the.app e I %g% X em cal, .v e i tion
appar at us%(@%ﬁg%ﬁgi ﬁlgg ‘?%?élgé pﬁ% [ oné\%%eéim])sedr é% ((:tlt;% %a&%ésloﬁﬁ%reat&sg%?ggur e
comuni catbagewihé flwon sagtfiegre -chanber,- (c) a heating el enent nount ed
within the reaction chanber; and (d) a wafer carrier conprising a body

havi ng opposi tety- X anetigod opsantkdiiddnisukfladcas,18 hehawd i aarbdtatorbei ng
mounted 1o, Lhe eaption chanber, 5q thal sheat eyolyed |, ihe Nedting ¢l enent
will be tFBRSFETr3d Fromane nédti ng e Ement £6 THRe® bottom surtace of the
body pri nthpalbogtbn readifacieonyittia beaiyh haefeyg-ohlinal regiof wef erhattol di ng
regions, the Rdyiell nbeo Revakee Sl 13360 yatesholddiond yaaion.
each such wafer support being adapted to hold a wafer wth a top surface of
t he waf er hex@oredregirhe ta@e swhergin oftheheteadyef t heabbrg ofhsurfad@of t he
body bei ng,penpd angs1 g d e AG nBOAY neaki 8§ LRehbhckReste &L AAGHAGRL €
thermal resistance between the heating el enent and an arbitrary | ocation on
the top stiPfabeabing elekindr Haaatdy FRRFFAPLHNY cblhf VORF TN t$ fasiscidfess of
t he body ahethatet agdi®y.. 2 . Apparatus as clained in claim1l wherein the
body of the wafer carrier is disposed above the heating element with the
bott om surface,9f thenboglys digecblyreantihonhing the Aeatldly ShiEMtingd
Apparatus as clained in claiml wherein the gas inlet structure is disposed
above thethaf &teparaf eouimy afhantafie ocarree¥ gusiadwshar deptisdar®s t he
waf er carppgliyidy . stdparatus as clainmed in claim3 further conprising a
spindle nounted in the reaction chanber for rotation about a vertical axis,
the wafer carrigr [ i.ndl e f. rot at | t herew.th. 5 -
Appar at us as rbe‘gi tte)‘!g rﬁ%@?ﬂ%%éﬁgﬁnﬂga%%ﬂ\%flesf @Jéﬁ%grnt Q?ls? ;Mrtiegjng)efd to
engage a periphed apaphr ¥rdar oPna thel etaferd qagrieird infd uAgSe©NI@ILRAt 3 nui n
portion ofbethghdefer rbgispaced dHOMAher bQdynoh taGIHY | BLagd onARRRS at us
as recited in claim1l wherein each wafer support includes a ?I oor and a
support | BB§BT dF8pbiel SBovBAth&De| SHPPREtt Hedger PERESY BoMaife RILGGOR 7 |
Appar at uso8StheCid Btk idl Blatied Gbvher & Aléde AgmAcRNaE theSchBribe. bottom
surface are arranged so that

25. A method as recited in claim 24 wherein in each
wafer-holding region the wafer carrier has a nonplanarity in
its bottom surface such that the wafer carrier has greater

thickness and lesser thermal conductivity in a region aligned

-29-



wi t hin each wafer-hol ding region the body has a non-uniformthickness
within a region aligned with the floor. 8 . Apparatus as recited in claim7
wher ei n wohbn/easd waf er - hol di ng regi on, the thicknessPofi/ush@obogyglis at a
|l ocal mnimumat a | ocation aligned with the center of the floor. 9 .
Apparatus as recited in claim7 wherein within each wafer-holding region,
the thi ckWéss &het gurBeay Led3e BNARCAEP ANniMDRfiAtelY RIAIIGT ofFaHO r om

the centerl19fnthewitwathe ¥l oorApatatyds as recited in claim7 wherein
wi t hin each wafer-hol ding region, the thickness of the body is at a | ocal
maxi num at a | ggati igpeds Wd by dhe GentEfiqPf A9y - .t,g%p tus
as recited in gfai n?%"%ﬂéc%gl% each sai d fl oorlfszélﬁﬁg{ aen'?]i zflkﬁl/ S_pl ng{ffa 12 .
Appar at us "@yng deg t each vafen mre WeerMEiiert Karroprsine hededfenIrg ingrhe
i ncludes epBhRe PO tHOR: £ ehfli PRe beireENI e ¥Bd &La h MG r&@mRs And
each wafer support includes a pocket, the floor and support |edge of each
waf er suppBft Bafey reRESk (YRRIRE IELY pEPRPBAtBEIR%e TR STHERREE
within theepgeket so that the floor forms a bottom surface of the pocket
13 . Apparatus as recited in claim12 wherein the thickness of the body
beneath at least a partieaf the MR MRALY:AINEGT 2t BEad ORaFHRS AGSHdSi 1AL er
than the thi ck%e'ss Igf %E’ue body lbeneat% tlhengl %ors %f ‘tahe (‘{I/vafer supp??ts .
14. Appar &8@énas Eeeitaddi nbahyoBnesBrfares nsestarmiger eith SR ZUPF6r t
ledge is gubstanthd! | erONtHoayousadndgensi rahes ity f Leoryvaddr - PRARE US as
recited in any one of clainms 6-13 wherein each support |edge includes a
pluralityX8FiPReige thegi BPRY sH8éB1BBart FRERY oFEPRASENEID aPBGRd YafeT -
\ake]ri pheryh_@ﬁﬁghga HB%%H% 1§acl;1b9~|r)g@cﬁ1at WSE &S étqe;ihch&d %ﬂrﬁg’lyadujfte@f ues) &icLI_Bi fks 13
erein, wthin each wafer-holdi region, the body has a.greater thickness
Mt oyl Bn RGN o ERB SHSREFE MIdgd ntTh STESReRarh: 675 dfFacent
regi on al isga€dcai tdf t hikef Ihaaty., 1The Aodlyat hisviasy r ecet eslr | moany tGreernefl
clainms 1- Lk iC : consi of a bst,ant al I it hi.c.slab
of a refrégf%%/%rrat grnlth%%l\%ggﬁ orglc\%l Cogzu%na cégti nlg&oén tﬁé s%‘g.lél(%{tglA
met hod of dprecessnsg waf ers conprising the steps of: (a) nounting one or
nore wafers on a wafer carrier so that each wafer is disposed within a
waf er - hol di ng pegi a whféhecanriéeraandlaxpedednatclainoe7s wheaed noftHehe
carrier, thg carriet Pavi ng_vartying %hgr %rgl rcgpd%égnrllcle V\(/I)r'g(;“ld ntaen%ceh in
waf er - hol ARG r EGEHRSE BT RSEATTRY T b3t FORTERT f aee Bt t AP WeF & Carfl er so
that heat theavenittited thregghothendaftdre carerimed remtizinss e dedfrersedat  an
el evated LERREEALULE red Mndild BilBEUAL LSRG Hod e el evat ed

tenperature, applying reactive gasses to ect the exposed surfaces of the
waf ers, - V\/nereizg the wafers are bowed duri.ng t'hg ateg of apglgi%rea_ctive
gasses and t he?Bowi hg"THs €Ot F8PH By “Fn*h88EY t PARSPEr CRR ST tHE waf er
carrier wfabhingeaob waidkerhottdwn vauyfaged hendmb ceamtuallance sof extendsaiger
carrier at _leastpattially compensating for the pupi f or.m Ln heat
Cranster PRTIBRbETEnE o Ry SU0 N PRt Rt e 1o EeR FUTErSEnote Weer oi n
the step obdupphying aemndtrgbigassEspprkeuslescappl sugly pdnkatedutvilng @gasses
to forma Lo PNya eXpasedesibhass: OhatRChsRbeh Rikeh MRLARY as
pAERBALES PNal CXPABCRTIPhEES) OhafRCBr AL relbiel TRLIAG

recited i I'm or claim 1 rein the step of nodnting the wafers is
per f or nedP3Brasity pisi sPefedaghaiiaf ATVEHLcABovEN a SuBFSYaRR aPfy Fheat ,

upwar di y- pfeé@bﬁgrii OQfaliurfé?fﬁcﬁ:é)f £1-88 V@{eercéﬁiféﬁr axdd. J¥ n?hﬁod,va?f?er
recited in claim?20 wherein the stegjfof mounting the wafers is perfornmed so

as to posiRFoheBachPfaPEP) 86bYRRE hRSHTDoRIRRITFACES 92929 FRRFSAT HéT'eci t ed

in claimp3rehenei of aabaddgenoFulf aaceof di Bgoyed eim aald ipeickk@s one or nore
nonpl anarities in

30. A wafer carrier as claimed in claim 29 wherein each
pocket has a central axis and the projections of the
peripheral wall of each pocket include two projections spaced

apart from one another and disposed on opposite sides of a
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the bottom surface within each wafer-holding region so that the thickness
of the wafer carrier varies within each waferhol ding region, and wherein

t he step wO 2nma2igag t he bottom surface includes operati rgTash@ann4gl el enent
whi |l e mai ntaining the heating elenent directly confronting the bottom
surface of the wafer carrier., 23 . A nethod as recited in claim22 further
conpri si nFaghalstleinef exboNAgng h 1RaT eFheargamdradur angst v hehei rip i

appl yi ng £h@Pser2¢hrodfyiBiHOG A% rheChked b €hligBd&cwherein the step of
nmounti ng each wafer on the wafer carrier includes engaging a peripheral
region of the wafer with a support | edge on the wafer carrier so that the
support | edge holds a nmain portion of the wafer el evated above a floor
surface of the carrier. 25. A nmethod as recited in claim24 wherein in each
waf er - hol ding region the wafer carrier has a nonplanarity in its bottom
surface such that the wafer carrier has greater thickness and | esser
thermal conductivity in a region alignedwith the support |edge than in an

i mredi at el y adj acent region aligned with the floor surface. 26. A nethod as
recited in claim25 wherein the step of nmounting each wafer on the wafer
carrier includes engaging the peripheral portion of the wafer with
spaced-apart elenents of the wafer carrier cooperatively constituting the
support ledge . 27. A wafer carrier conprising a body having
opposi tel yfacing top and bottom surfaces extending in horizontal
directions, the body having a plurality of wafer-hol ding regions, the body
defining a wafer support in each waferhol ding region, each such wafer
support being adapted to hold a wafer with a top surface of the wafer
exposed at the top surface of the body, the body having one or nore therm
barriers inhibiting conduction of heat in horizontal directions . 28. A
wafer carrier as clainmed in claim27 wherein the wafer carrier has regions
of different thermal conductance in the vertical direction and the thernal
barriers are di sposed between the regions of different conductance. 29. A
waf er carrier conprising a body having oppositel yfacing top and bottom
surfaces and a central axis extending between the top and bottom surfaces,
the top surface of the body having a plurality of pockets, each such pocket
havi ng a peripheral wall, the peripheral wall of each pocket having a
plurality of spaced-apart projections in a region of the peripheral wall
renote fromthe central axis of the wafer carrier, the projections being
adapted to engage spaced-apart portions of an edge of a wafer disposed in

t he pocket. 30. A wafer carrier as clainmed in claim?29 wherein each pocket
has a central axis and the projections of the peripheral wall of each
pocket include two projections spaced apart from one another and di sposed
on opposite sides of aradial Iine extending fromthe central axis of the
waf er carrier through the central axis of the pocket.
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