Met hod for Inproving Performance of a Substrate Carrier 1-00011The section
headi ngs used herein are for organi zati onal purposes only and should not to be
construed as limting the subject natter described in the present application
in any way. Introduction [0002] Many material processing systens include
substrate carriers for supporting and sonetinmes transporting substrates during
processi ng. The substrate is often a disc of crystalline material that is
commonly called a wafer. One such type of material processing systemis a
vapor phase epitaxy system. Vapar phase, epitax és type of chem cal
vapor deposition ( N DROAMNS s ' HOEE gases contai ni ng
chem cal species onto a surface of a substrate so that the reactive species
react and forma filmon the surface of the substrate. For exanple, VPE can be
used to grow compound sem conductor materials on substrates. [0003] Materials
arc typi qesdly gr ownhhdygctionjheadingsgisal herd@sic f@negqpiatetasprrpgasomdyehd shouldany
processes, at least a first and a second precursor gas into a process chanber
cont ai ni n@t fohe cofisnstddd linignGthb Siitj @t att&CARRebadinSRPre@RCPG L @tien irsdagvags 111 -V
sem conductors, can be fornctd by grow ng various |ayers of sem conductor
materials on a substrate using a hydride precursor gas and an organonetalic

pr ecur soringfeductidat al or gani ¢ vapor phase epitaxy (MOVPE) is a vapor deposition
met hod that is commonly used to grow conpound seni conductors using a surface
reacti on of metal organics and hydrides containing the required chem cal

el ement s.[0002f exanplagy matedalpnopsospstces moubdsubstraye canmers for auppesmi@nd on a
substrate by introducing trinethylindiumand phosphinc. [0004]Alternative
nanes f orsolEMREs ttiagbriing sib@rags Hurinpgirowtesigy. Jéhacuatratk lid dftevapine of bigsielline

material that is commonly called a wafer. One such type of material processing system is a
vapor phase epitaxy (VPE) system. Vapor phase epitaxy is a type of chemical vapor deposition
(CVD) which involves directing one or more gases containing chemical species onto a surface of
a substrate so that the reactive species react and form a film on the surface of the substrate. For

example, VPE can be used to grow compound semiconductor materials on substrates.

[0003] Materials are typically grown by injecting at least one precursor gas and, in many
processes, at least a first and a second precursor gas into a process chamber containing the
crystalline substrate. Compound semiconductors, such as III-V semiconductors, can be formed
by growing various layers of semiconductor materials on a substrate using a hydride precursor
gas and an organometalic precursor gas. Metalorganic vapor phase epitaxy (MOVPE) is a vapor
deposition method that is commonly used to grow compound semiconductors using a surface
reaction of metalorganics and hydrides containing the required chemical elements. For example,
indium phosphide could be grown in a reactor on a substrate by introducing trimethylindium and

phosphine.



epi taxy (OWPE), netal organic chem cal vapor deposition (MOCVD), and
organonetal lic chem cal vapor deposition (OMCVD). In these processes, the
gases are reacted with one another at the growh surface of a substrate, such
as a sapphire, Si, GaAs, InP, InAs or GaP substrate, to forma IlIl-V conpound
of the general formula I nxGayAl zNAAsBri cSbn, where X+Y+Z equal s approxi mately
one, and A+B+C+D equal s approxi mately one, and each of X, Y, Z A B, C, and D
can be bgbewgn zer altanstiveMemed or VEOVRERISscP G 5% @%ludt BasdmsdlialHocasdbe a
metal, sem conductor, or an insulating substrate. In sone instances, bismuth

may be UuspRaxyTORVALS), MbtaReuiBic@herdichl vaportdagosaiol €k Dard drgdidlafic
[ 0005] Conmpound sem conductors, such as Il1-V sem conductors, can al so be

formed byhehRu Vagor@pds@ieh (DAMEVIS). Qb tHREM ORI thOFasBRlrEfch@b$whR ofe MiheE r at e
using a hydride or a halide precursor gas process. In one halide vapor phase

cpi taxy (iRE}owRh QGBRS of uBMPatd, blchits hikh8Re, (S5 s, BN ARLNGaRE@st-AL Bd by
reacting hot gaseous nmetal chlorides (e.g., GaCl or AICI) with amonia gas (NH

z). The | i I, r AN e hot

S oup 11 1o LN BEp6EH A GR0R B PLORREENDN. Rt b S vy o out h
rate, up e te-of -t he- S her

f aatur o GPRiobRRPIORE I S 05 p ARG RLBRIA ol Gictn ESE R0 B CRBUTPL
films be fi i f i nd because the hot
HoL gas i e TBa 20 o QT Db o B SRONG RN ] Docelbe
substrate |s qy%g&ained t.an eleyated te erat%ﬁglmgthin a ﬁpqgi%9 chanber.

semicondau or an msuylatinge supstrate; .In some mnStances, di ma be use C¢C
The precufS6r gases are typicarly m xed w Hert cart er - gases and are then

directed into the. reaction chanber. Typically, the gases are at a relatively
Iom1tenpé?gf8¥@P%H@%&fﬂégnﬂ?Qﬁ@ﬂ?ﬁoduced into the reaction chamber. As the
gases reach the hot substrate, their tenperature, and hence their avail able
energy f actio increases.. Formatjon. of the epitaxial layer curs by
Final pytGETS of Comet i T RO uRB T Reh oY S RpRBllih b oa®Eimd s
Crystals are

f or med bg a chenigau reqction on Hh? SUVEEPS-Qf tggraubstrate and
not by pHYST BRI b Hr PR B S e IO f5pl e growt h
techni que for thernodynam cal |.y netastabl e al Currentl VPE is commonly
usea 1 o TREHPLES Aoy Taubhelkope Phedh oD aRiSH oy UHIhg di odes
(LEDs). Brief i ption of the Draw ngs [0007] The pres t hing, in
accor dan?&gwp? ’%ﬁ\bfagerﬁ"ﬂﬂedgﬁ’deﬁﬁ ‘i’téf‘??%%’gﬁtﬂ]i %L‘H{ASS; (%tgogfgﬁt]@rrg@)ﬂﬁlt urt her
advant ages thereof, is nore particularly described in the follow ng detail ed
descri pt i2noniagas Ny EB?]F’GHEWWWTPﬁe?%@eda'&%léﬁ%ﬁ%wﬁ{flcgf‘sa%ehtj@ hofrhe skil I ed
person in the art will understand that the draw ngs, described below, are for
i |1 ustratGew Blmpskse Onefafpre aHEVRE BihH gtscala%veﬁdierygre&le&rgm TpAg, $rofod Q@ me
enphasi s i nstead generally being placed upon illustrating principles of the
t eachi ng.pemhar fr aqina sfatepf-horst prpepsendadothey featwre of HYEESepldt e bewecdAppl i cant ' s

teaching in any way.
deposit relatively high quality films because films are grown in a carbon free environment and

because the hot HCI gas provides a sclf-cleaning ceffect.

[0006] In these processes, the substrate is maintained at an elevated temperature within a
reaction chamber. The precursor gases are typically mixed with inert carrier gases and are then
directed into the reaction chamber. Typically, the gases are at a relatively low temperature when
they are introduced into the reaction chamber. As the gases reach the hot substrate, their

temperature, and hence their available energy for reaction, increases. Formation of the epitaxial



[0008] FTG 1A illustrates a side-view of a substrate carrier that is
fabricated or nodified according to the present teaching. [0009]FIG 1B
illustrates a top-view of a substrate carrier that is fabricated or nodified
according to the present teaching. [0010]FIG 2 is a schematic diagram of a
phot ol um nescence instrunment that is used to neasure the wavel ength of optical
em ssion generated by an optical |ayer or device. [0011]FIG 3 illustrates
resul ts QhycABaskgTRAl S rgeResahecbnbttué ehddil QLo WiE NBSRENEFadeN Thrysdieat
described in connection wth FIG 1. [O0012]FIGS. 4A-4C illustrate an exanple

of a met heghddfbyhehahicllgedtEas ok BEBNFze Of the substrate and not by physical deposition
processes. Consequently, VPE is a desirable growth technique for thermodynamically
metastable alloys. Currently, VPE is commonly used for manufacturing laser diodes, solar cells,

and light emitting diodes (LEDs).

Brief Description of the Drawings

[0007] The present teaching, in accordance with preferred and exemplary embodiments,
together with further advantages thereof, is more particularly described in the following detailed
description, taken in conjunction with the accompanying drawings. The skilled person in the art
will understand that the drawings, described below, are for illustration purposes only. The
drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating
principles of the teaching. The drawings are not intended to limit the scope of the Applicant’s

teaching in any way.

[0008] FIG. 1A illustrates a side-view of a substrate carrier that is fabricated or modified

according to the present teaching.

[0009] FIG. 1B illustrates a top-view of a substrate carrier that is fabricated or modified

according to the present teaching.

[0010] FIG. 2 is a schematic diagram of a photoluminescence instrument that is used to

measure the wavelength of optical emission generated by an optical layer or device.

[0011] FIG. 3 illustrates results of measurements gencrated by the photoluminescence

instrument described in connection with FIG. 1.



em ssion wavel ength of an optical |ayer or device to the correspondi ng
substrate carrier step height according to the present teaching. [0013]FIG 5
shows a pi xel pecking map of a substrate carrier that is mapped with the
relative substrate carrier step height for achieving a desired tenperature at
the growm h surface of each of the | ayer or device areas on the substrate.
Description of Various Enbodi nents 100141Reference in the specification to
"one enbqoermpnt or Frys. eAbigdilnRAte anR&RSle bh@ine@o@af felatibiy AkasiRatetfs®f Structure,
or characteristic described in connection with the enbodinment is included in

at | east @hgicRrRedichBRbF B opkibe 13yeasHictige tokhecARBRALAD GRSt chdier ¥y ase "in one
enbodi nent" in various places in the specification are not necessarily al

referringwﬁgt&Q&dﬁgm@mggggghﬁﬁaﬁn.[0015]It shoul d be understood that the

i ndi vi dual steps of the nmethods of the present teachings may be performed in

any order and/or sinmultaneously as |long as the teaching renmains operable.

Fur t her rrqnmﬂ]i t shpu. d_sb@xwdﬂea@tem hilPdf alsOBstaRRasRE that 9RdppRtHiadse of the
ude

present teachings can incl any nunber or all of the described enbodi nents

as | ong aslatihaubfactandr ENRIiNE faReRieRhea dfQ0d Rnpbanks AsRN ot @aGHRGIW | | now
be described in nore detail wth reference to exenplary enbodi nents thereof as

shown infﬁagﬁqﬁgggp%pwgmgaggggﬁﬁg§umﬂﬁ&]e the present teachings are descri bed
in conjunction with various enbodi nents and exanples, it is not intended that

the present teachings be limted to such enbodi nents. On the contrary, the
present  pescription of Various Embodiments

[0014] Reference in the specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the teaching. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same

embodiment.

[0015] It should be understood that the individual steps of the methods of the present
teachings may be performed in any order and/or simultancously as long as the teaching remains
operable. Furthermore, it should be understood that the apparatus and methods of the present
teachings can include any number or all of the described embodiments as long as the teaching

remains operable.

[0016] The present teaching will now be described in more detail with reference to
exemplary embodiments thereof as shown in the accompanying drawings. While the present
tcachings arc described in conjunction with various embodiments and examples, it is not

intended that the present teachings be limited to such embodiments. On the contrary, the present



t eachi ngs enconpass various alternatives, nodifications and equival ents, as

w Il be appreciated by those of skill in the art. Those of ordinary skill in
the art having access to the teaching herein will recognize additional

i npl enentations, nodifications, and enbodi nents, as well as other fields of
use, which arc within the scope of the present disclosure as described herein.
[ 0017] The present teaching relates to nmethods of manufacturing or nodifying
subst r at @caRihfd @cEmpdys MBIRE hiddrm PR 6 aHIifldgiohy shddiviaRnis /EMAN Bc RFREREE
performance. Al though sonme aspects of the present teaching are described in

connect i &y tMdsk Bf ikiPimaNd &8 THHGe PRITEiQENBRIGEN B afUBGhE BdcBssGathkit@LBing BéreiWPE
systens, one skilled in the art will appreciate that the nethods of the

present iyiueRbbai fRNioAS iRPRIcAEHIR, AefilNiBEs, dd FRIREARSNE W FsMd hat
i ncludes a substrate carrier. Al so, although sone aspects of the present

i nventi oicffs@fd@SGhicReR vithit@R B&SHE bPRe Y%e%éht bRRLQY NAldBeyhglid of opti cal
| ayers used for LEDs, lasers, or other optical devices, one skilled in the art
wi |l appreciate that the nmethods of the present invention can be applied to

any type [9§17) ayer and @i 6Rnindeiikel RGnalits by RenPicn@Rios Alodif@heGitkirsal |
el ectronic, electro-optic, or acoustic device. [0018] The tenperature at the

growt h sy fREEN Afatdilfyr SRS S G5&mId EPRHS Pk cHeRAE At AlfRudd sdnlssathst rat e

carrier and on the heat transfer between the substrate carrier and the

subst r at & fdeRlsedt@Rgh Ereo &rr]f’B&PMrcoﬁﬁ%EQé{%irtgﬁ’ﬂ%kﬁﬁé @A pefRRYECIr Qb stad! ation,

or through a conbination eat transfer chani sns. A conducti1 on nodel of

heat t : ' d
Chat ¢ hera e B e e A A P PR BRI Gle T on mocie
[ t . f I b [ I

ot b very Shgl findae TR B R TR SRS S bt PREBC AP AE, R ot are

on order L 59-100 m.crons. A conve Iion(pnd%l of heaP trqgsfer.as§ynes t hat
a, 01.1{%S _'_SOIIIG aspects O %PI‘GSGH myvention are. descri .EI‘.E}_lln connection with 1m I‘OVl{lg c
all heat tra ér OCccurs ough convect’i on. e convecti on del®is not

accurate f ny ,VYPE processij systens. A h id cond i.on-convegti on node
Resunes ot R PEnaFEFRE EERR SR Sl Btk esiiatiats st CaREht i on. i s
nodel is nore accurate faor rger substrates where there cap be | arger gaps
et veen_ (REGHBLEY Hearctisd phE® Bl PETUoR ST bemPIGHP AR AR obB S dr der of
300-500 m crons, For exang%e,.ﬁi%ht.igcr subst%ates can have rel atively |arge
gaps bet wiS¥Ie tiRdwg ey vas 8t ofitigelt Fertidah StePERTES: €l5Fire-aRiic, AAcopliS gFYics n
significant anounts of both conduction and convention heat transfer. A

radi atio el of, heat transfer assumes th heat transfer occurs through
o at i ol 0T ot ehetr@RH B ROH Sk O o cubbut SREN TBS Siadubi
substrates, such as silicon supstrates 0019] The tenperatyre of the growth
sur f ace c?? therubsEg iy Sprist %ndi‘gltgﬂ’ Eeé‘t Eﬁl’fsgﬁ%’ ewg%ﬂ%%%?%aﬁrﬁ& SRR ormi ti es
in the material processing system. For exanple, the tenperature of the growh
surface qIeabiSEF SOCRE HPpaten MAY-FERLGHITS FHHALPT-8 ﬂ}rﬂua%wéombwe%%ofgas f1 ow

over the substrate, edge effects near the walls of the process chanber, and
numer ous TsptHEpsiEgPekeySAh ot sitipimmeds! ofheptipnypisauags fipt 8l Bgag frpnsfer

occurs through conduction and that there is no significant heat transfer by convection. The
conduction model is most accurate for smaller substrates where typically there are only relatively
small gaps between the substrate and the substrate carrier that are on order of 50-100 microns. A
convection model of heat transfer assumes that all heat transfer occurs through convection. The
convection model is not accurate for many VPE processing systems. A hybrid conduction-

convection model assumes that heat transfer occurs through both conduction and convention.



[0020] In addition, the tenperature of the gromh surface of the substrate is
affected by the shape of the substrate itself In particular, substrates are
usual ly not conpletely round. Substrates typically include an orientation flat
and they also tend to bow and warp during processing. The shape of the
substrate can change during processing. Substrate bow is the deviation of the
center point of the nedian surface of a free, unclanped substrate fromthe
medi an surkieedel Bingire Aearap) fBNRArRs§udbkdt&hatrdiet bice: IpQentaps BewWadnl tiie Spaced on a
circle wwth a dianmeter being a specified amount |ess than the nom nal dianeter

of the subsdihtagd tHelsktRQWarrdR idhTa@ bOBRSUERITB00-500 midiéhsdFbf &h@PRES bet ween
t he maxi mum and m ni num di stances of the nedian surface of a free, uncl anped

subst r at &idhk Bith Jus@iEY @R AEyERERly BAW BRGbNWACR RS subliitcnA Hel BbfraRl @rrfeinCt i ons
of many factors, such as internal stress of the substrate, the deposition

tenper at Ypg reshih SEdi iGh S R R0 0@ oM cB8h dnl@omBEST REErandRA A BIREILAL Ur e
gradients in the process chanber. [0021] Many materi al processes require very

hi gh Y elifigiol & R EATBERLN Gk Rodk BEnskRIUSH! drouBRFd BEBITPHES mblct S i gl
desirable to achieve a high process yield of LED and sem conductor | aser

devices f I i L I - In particular,
R A
processes to manufacture LED and sem conductor | aser devices. For many LED and

seri condyps @ | asefnARAhiERLd A% arbll irillct 168k ReachiceuR Rg By eci se_ent ssion

wavel ength wthin a few nanoncters that 1s stable over tinme Devices with

em ssi on Wﬁ%ﬁdu?f}%%ﬂﬁm%glﬁhﬂﬁes% t% ‘%ﬁéﬁaﬂ"?’gﬁﬁé? %tﬁ%?%?in@tl&% range are

di scarded or 30 at a discounte rirce e targ process yield.

[0022] Th 1.SS] e ' St T I e growmh
[0022] The SR ARLATRRLE RN BF b DR e SRUAGRR AREDIRAL ARG AR Lihe

Seém co nd Lﬁ:tvvoc';velr @1}5 %ﬁbsstratle,nedgg‘ er:ttfe!'c sunlef?i”rt e WhiVie! p%J IetssI é‘?llar%b&ugn%tnlilnmle\rlgeu!s loth%;[ ructures
wi th the desired em’ssronwavelength and opti‘cal propefties requires precise
control oyer the tenperature, |ayer thickness, and conposition at the growh
surface 6?E?ﬁ§n ﬁgggkﬁFﬁ}néﬁgFﬁ?%P§§Y¥%% growth tenperature nust be precisely
controlled to achieve uniformmaterial properties over the entire growh

surf ace bstrate ,i,n order to achieve a hi recess, viel.d...Even if the
ey ot daAt 0oL kgl kbAoA P IR oo Bl iyreedly | D

or “Compodi 1ALt T FParLel T et R S AR R o ey ¢ i
compens ator g1 G4k feb 5 A8 OB TRen Nl RS SR T P Ry TP AL Bhoes, 11 19
Compos t TEREindt BinEALTF S HHF b SEEE (o DOR T HHEF P UREHE B Sabpect of 1 he
I at er (T SRS R BYSHE, ™S s g SrEREPed YorGes PG fnper atur e
uniformty over the substrate being supported by the substrate carrier. In

various dnysidistinedelprengalanscatablihed yaidrse peintsieiselbyshissd o ackclemithdrnmity can be

i nproved or intentionally reduced in order to_inProve t he process performance.
diameter being a specified amount less than the nominal diameter of the substrate. Like bow,

warp is a measurement of the differences between the maximum and minimum distances of the
median surface of a free, unclamped substrate from a reference place. Bow and warp of the
substrate are functions of many factors, such as internal stress of the substrate, the deposition
temperature, the structure being grown on the substrate, and temperature gradients in the process

chamber.



[ 0024 Substrate bow and warp arc functions of the substrate tenperature In
sone net hods of the present teaching, the substrate carrier is fabricated or
nodified to match the curvature of the surface of the substrate so that the
substrate has a nore uniformtenperature at the growmh surface. In other

nmet hods, the substrate carrier is fabricated or nodified to provide a
predeterm ned tenperature profile over the substrate being supported by the
substrat qoeAyri er . MafPRaketibl préceshed febGitd dery Righpials GAseSnipetiacGH it el y neasur e
and control the tenperature of substrates being processed and/or |ocal gas
phase conpasiry.i Bt ckinflO8t iDhRAERSRsiEDAE aENiEVR a0idhirodcs ABIHAF NEDRLOT MAL i On
necessary to fabricate or nodify the substrate carrier to conpensate for

non- uni f QEMichbh@RtoP MisérRvisd thAGEAbvithgo SBsHifcatif @Mt h@usePMmens@iarf or ot her
non-uniformties in the processing system Tenperature measurenent is

especi al lierdisfiirGitlyta BEM hdBdSUDSS A6 BE GeRRIVER! JricelkadshRaieRture One net hod
of nodifying a subStrate carrier "to inprove processing performance accordi ng

to the prgsenty &RAGHIRE: 1R dédigés. BQF hafy CHb R IRAT AR 12 QF a@ﬁeel%ﬁé,% iof the

substrate or devices tabricated on the substrate. The resulting data obtai ned

fromthe . 15,1 4 i ate carrier
[rom the GFRATA RIRAL o AG.LONNS Sul bk WPUR L BRIl Ry sk ot e oart
for non-ypif %e§}££ &ﬁﬁéﬁmﬁ@ﬁ %@eﬁ&%ﬁls%ﬁéﬁs 'ofﬁ Edal d%aﬂo§v ?ed%{éﬂﬁﬂé(f}aﬁ%% %&'Ch as
t enperat ure and/or gas phase non-uniformtiées, due non-unit or res in the
processing. system [ 0026]1n net hod accgor . di ta the present teaching, one or
or 6 par At S bogP 4100 fnbu Mg R e s i ar o T hen measured as a
function of their corresponding positions on the substrate carrier. The
par anet er n be - ' I 0g, t.limied to, optical
paranete#g?ﬁilectr?@%F&%ﬁﬁgﬁgFgﬁé?%gﬁgévgg%%%-hg@%égggpgﬁg?%?%kk or exanpl e,
t he paraneters can beﬂgerf rmance nefric f _an elﬁﬁtrical g&mqnﬁgptica

I'h st A

. mperature and o Sol1 h&se COImposition o at Ieast some of the semicond In
devi ce. ne Sspecitic e I nment, e paraneter neasure S e Wavel ength

of optical em ssion generated by a tical .device, such.as a light emtting
i ode. or PrERT eue e Ralay i od s Fhi e AR F s PSS e gind o
substrate carrier 100 that is fabricated or nodified accordi to the present
{ eachi ng OPHHil PERFLPT FUrS RFE FOMIhOTSS THJTTRsL et &S (PoFts SUBSPPaTEN 102
during progessing w.th bs 103. Nunerous types of tabs can be used. For
exanpl e, o Fe e setie pede PYLAYY il ﬂ?e-r%tjﬁfgp@a Mtemavetua%@uﬁggﬂeﬁls ¥d at several
| ocations alaong the edge of the substrate. The substrate_ carrier 100 can be
formed ofSORtRMER HAChicypBUTsM Maleriy Popeticsqyehthg sntyr giomith irfaes @f subtietqin angd
ceramic material, For sonme enbodi ments of the present teaching, it is

desi r abl €4 G ashipyve pBigk pEsEs At caicrilfdhe ttopcgiurgls sempleicl unifaEe o thche easi |y
machined in localized areas or in a predeterm ned contour. In other

embodi mertestraie; theig sl spuldiby denicanbyamations is thssiision weaelpieeh duego eafrhasanat eri al
that can easily accept additional materials in |ocalized areas. In yet other
enbodi nerkesletion oricgmgesdtiqnalyli ereeccs withintthredopotisary hemberaThpreforel (0s simesimeat er i al
that can accept inserts of different materials or the sane material with a

di f f er entdcgrablerte atténdinnaly inducha trodicfaitusd ngr-optermitet domprweialforzzas phase asl

other non-uniformity. In many instances, it is desirable to use the temperature as a control

variable since local gas phase composition cannot be easily manipulated.

[0023] Therefore, one aspect of the present teaching is a method of manufacturing or
modifying substrate carriers in material processing systems, such as VPE systems, to modify

temperature uniformity over the substrate being supported by the substrate carrier. In various



[ 0028] The substrate carrier 100 has a nmulti-step recess 104 for supporting a
substrate 102 during processing. The recess 104 has step heights 106 fromthe
bottom of the recess 104 to the bottom surface 102' of the substrate 102. One
aspect of the present teaching is that snmall changes in the step height 106
and/or thermal conductivity of the substrate carrier 100 under the step can
change the tenperature at the gromh surface 102" of the substrate 102 so that
it has a <mbeiniénislod thNptsem efadkibig, ehde@pérhtaremifbasitycapbedefrevddioned desired
tenperature profile. FIG 1B illustrates a top-view of a substrate carrier 100
that is fisehtionaledd@ed MsHiér 6 thR6eohepidgest ferfdipaiicesent teaching. The top-view
shows the variable step heights 106 in different patterns extendi ng through
the entire substrate 102. [0029]FIG 2 is a schematic diagramof a

phot ol umpesgence Sutstritd FBNEanPRGptahafunét®nyishle §stRasHHeratufe Mayet engt h of
optical em ssions generated by an optical |ayer or an optical device

fabri cat egkuayis 8f G PEbER IACHAZ the BIBstla RTLFIARTALRIRI bNgbdiHestoandi@ses 204 that
generates an optical beamwith a narrow beamw dth. The | aser 204 directs the

optical heamutofdhSiRate FtRAuBraAd® Bl ifcaeBst@fc Hah @ mIHDF fofth Rndrnirbat _
corresponds to a small area of an optical layer or to a single optical device

so that the;BRtH Gfhcdd8RABMGANRERDE: LR8rAPEIrR& is HEMELE: or MRIRUBS blo@ie 2202 1S
nounted on an X-Y translation stage that translates the substrate 202 under

the opti %édet%%%&@rarﬁ)%&ré fﬂr@ﬁfé%#' GRE sUBGRAM Blifd ééugﬁorfilﬁ Y ‘ilfé%uﬁ‘{n%%%aﬁfer.any number

or all of the optic devi ces. is technique nh al sO be used to neasure
em ssion wavel ength of |ayers grown on the substrate before the opti cal

devi ces gp@sfabri catederichiid Mhfy GaS% adcli@tc® SRR IBHRL LM tdhnpeMnRE selet er mi ned
areas of the substrate is mappéd by stepping the substrate under the beamto

determ n f%u!-)sftraﬁeg1 Geiﬁ\g‘{;]I%Eeswdl dhd TR alagé_?%ﬁa@é éo%ﬂaﬁﬂgﬁinstﬂ%éésg alahf@BSin Q?(If:? fg devices

b
are fabricated on e wafer. [003 e optical beam causes the optical |ayer

or opt i cadbtaﬂ{em'rc,(;@ﬁ&&l QEREL At Era %ieccﬁ'mo% |, R sﬂﬁktﬁfetc%fr%f foggg@ts%g{eiféﬁioﬁ-

wavel ength. A collimting 1ens 6 I's positione e collimated beam

toamn nif&%ﬁg%ggjngpe ﬂl?ifa%pecﬁgt?% stugé?tra?eoah'tlgcf%%ci | rﬁfg';%té @} gthgr MHBM tlﬁ) IEhGZIO. A

focusi ng Iens IS use ocus t e eaminto a slit of the

m).nOChr .Oqa?‘écogsi 2150St r;1rh %erﬁo er}a(.)tﬁhr Oerra].sa‘&rgr;len%} Oes ea(‘:%a?jlgsdif% U.SIF \lzvﬁ%ttﬁdsu\g@t\rlef‘fl:searr] th to an
exit slit. R oflgté/c or array ?ﬂ I'S positioned’to 86 ec %e opatlca beam

d by t.h it sljt. A t I Siti it 216. b dt t th
vl engl R BDTEr B A e PR Rk ST v age O ARy BpESSPhe "subst r at o
202 t diff t th tical.l t diff t tical devi
and ¢ hen TEHETHBGEUF HERCS 1 PRapRarEe mb e oot b RE BEErT Al “BB0PGLs can b

spaced 2 art nd.%ﬂg X- Y translati stage can translate the substrate
202 int Hggn"r‘l‘ggtf%?ﬁadﬁ iogtraPriratee OB e SHPYEt i ﬁ&esﬁ?l négaﬁ‘i‘r?‘%ti“&ifgéfo‘{l %3 11FIG 3
illustrates sanple result f neasurenments generated b

measureggnt and analysis s1s t%en used to mocﬂ‘fay tile su%strate carref\er or ¥o fta{)]r(i:cate anew

substrate carrier with specifications that compensate for non-uniform process parameters

associated with the substrate, such as temperature and/or gas phase non-uniformities, due to non-

uniformities in the processing system.

[0026] In a method according to the present teaching, one or more parameters of devices
fabricated on the substrate are then measured as a function of their corresponding positions on

the substrate carrier. The parameters can be any type of parameter including, but not limited to,



phot ol um nescence instrument 200 described in connection with FIG 2. FIG 3
illustrates a substrate 300, which in this exanple is a sem conductor wafer
that is divided into pixels that represent areas of an optical |ayer or

i ndi vidual optical devices. A magnified view of a portion 302 of the substrate
300 is shown to nore clearly illustrate the pixels 304. Each of the pixels 304
is associated with an em ssion wavel ength in nanoneters of an optical device
that is ppabegabyecteReclbasarl phaastdsortchetré-ostjafmiter? 0r ckHOB2]Hen anot her
specific enbodi nent, the paraneter measured is the intensity of optical

en ssi on @RARKA @d b yerddimamdc hidtics AYR Elctthadl ot & HiRichl detic@nin@pt kgealficdevi ce, such
as a light emtting diode or a sem conductor laser. In this enbodi nent, a

I aser di r@fbbdinRht, ARtpafalcrcd BRMUEQ idths MRk LcRHES Phcdl BRisSHA bakt@f bytdie substrate
that may correspond to a single optical device so that the optical beam

gﬁnerateqmﬁ&ﬂhgﬁmiéﬁﬁ%sQﬁ%nQﬁﬂﬁﬁg&B&:&Qﬁkﬁﬁ%nﬂﬁﬁﬁ@%més described in connection
with FIG "2. The optical beam causes the optical device to generate optica
em ssion. A focusing |lens can be used to focus the optical eni ssion A detector

or detectigg7array i uaafusi@icdetiaelichWe alsibs@nichiePfootthg iPmbiiGald g ssion. A
data acquisition unit can be used to store the optical intensity-position

data. [OQRifdiuscorling td 8 PlcbenPlcadiy. MBRSMIRIR RhrrikS10d i98RIALd hgppubst rate 300
wi th paraneters of the optical |ayer or optical device presented as a function

of their (GahhespeNdiRg pRQEés}nig%ﬁl tg({lulgg.eNﬁhﬁ%%gi)gs A Ubs chdd €4 e¥ANPI € shown in

FIG 3, each of the pixels 304 in es a nu representing the em ssion

wavel ength. i RS JJe TN R the.: . rel ated
o hel T e e R P A PR 1A PR Bl oot
the measupedQpt i@k AR5 Ol RRLLER ] oIGK bER RAE BFRERIS oML Ghnlilidli s exampl e
is em ssion wave ené& I'n nanoneters, presented as a function o thei r
correspondi,n 0si.tiOns t he subst r at. arrier.  100341T measur ed

par anet erduIo Rkt e P S AR g B PRt R B PR e ¢ hen
related to hysi.cal . characteri stic of .the substra arrier. For. exanple,

t he. moasrsiBal aterarEAS TP EAR Bty Gafer oo St Bt el Pk ek rRenES et 1 o
and the physical characteristic of substrate carrier can be.the | ocal depth of
The subs b SR ERER Toh B Seman Ry RIPD 10 QLG SRR Res Gl OG0, ¢ he
nmeasur ed paranmeter can be.an optical or .an el ectronic perfornmance netric and
the physi SR S Gt RSt SR U e ey S BB S e Beared ner ol
conductivity or emssivity of the substrate carrier under the |ayer or device
bei ng med&yr-ell yerrplaccadgfimepts, ihisietifaglcite JorgrthoinpetratsrarisidPAst #mpstslcs of the
substrate carrier corresponding to a plurality of positions on thc substrate
carrier. NVOILIret dvfies AbbaenBitcsialsop e papampishelott sdiHegrtasicpaionst er of

| ayers grown or devices fabricated on the substrate to the physical

char act er¥igtinediped praperidqsps toedtzed @i8#% i er conpri ses using a mat hematical node

to performthe relation. For exanple, a mathenmatical nodel can be used to
relate em ssion wavel ength or em ssion intensity to the local depth or |ocal
thermal d8%&lict i vi The wbstiafrccaiiicr dPO hagrmuii-sigasesstINg faraynortie aubitee. Mor e
specifically, the surface tenperature of the wafer can be cal culated from

t her mody n&Aderinggosessed: i theresssy §0dhasyenitaigis! 09 frogstha gottpeohibaggesd 04 ssi on
wavel ength or the filmconposition of a sem conductor |ayer on the substrate.
Heat t r arbplntiomegifage I9Asofdansubiierte HE. (yedsicet of éhearesentieaciat ét thatismpBce
tenperature to the depth or to the local thermal conductivity of the wafer
carri er. changes in the step height 106 and/or thermal conductivity of the substrate carrier 100 under the

step can change the temperature at the growth surface 102’ of the substrate 102 so that it has a
more uniform temperature profile or has a predetermined desired temperature profile. FIG. 1B

illustrates a top-view of a substrate carrier 100 that is fabricated or modified according to the



[ 0036] Al so, in some enbodi ments, the relating the nmeasured paraneter of |ayers
grown or devices fabricated on the substrate to the physical characteristic
of the substrate carrier conprises relating enpirical data. One advantage of
the present teaching is that sinple experinents can be perforned to obtain
enpirical data that can be used to determ ne the shape of the substrate
carrier that results in either a uniformtenperature or a predeterm ned

t enper at Yr&@eit@kchihg Ahc P icHr Mok K ths Wariablest@f heizhSuUlDS ik aifRrchrofattexanpl e,
experinmental data from photol um nescence neasurenents of em ssion wavel ength
can be rekah@dg tiPodgA¢hd DGR suBgRiogr | ocal thermal conductivity of the wafer
carrier under the deposited | ayer being neasured. [0037]FIGS. 4A-4C illustrate
an exanpl e of a nethod of relating nmeasurenents of em ssion wavel ength of an
optical Iljay®; or apiRptii£ahedait Grdm of HiphotchirBsReNd IiNgumeRI0 8la€iseddd | er step
hei ght according to the present teaching. The nethod includes a first step of
Mappi NG tfteuksthE dheeldMgthlbfOpfidal &hisQOMsSEhQBedBY 8l REINa@abAarasptidal idbvied | on Of
position of the optical device. Thc optical em ssion wavel ength data can be

obt ai ned frichreli B a BIRLAL 102 NERGRAGEhITROHMNRRE o 38§00k RRHsdnBra&keBA e?td'apn with
FIG 2. The results are shown in FIG 4A as a map 402 of the substrate with

wavel engtfa,dafi@ GRFHEIPAANINE TR Le 20ttt Fhickieafl &PPShdIEHed @NEE Dei ng
measured. In this particular exanple, the desired wavel ength, which is al so

the aver %gﬁaéé@fﬁle%ﬂ% b 28 }ﬁgé@}esﬁogds‘%]a sl a£egQ§§1] J;Elgﬁlq .e§§1it‘3_r21 snRyel engt h

car t
deviation fromthc desired em ssion wavelength is t etermned. The results

are sh OWQ)pHE‘dl E&%e s% %ﬂﬁlé%gggag b?a%ca?ﬁpr&ﬂ%%?é&éﬁi%&lrd@%ige. V"i‘l{e"EHﬂﬁat%%Q [y wav el engt h

devi ati on data presente unction o osition on the substrate. If the

yha | o : ' Cerm lue, th
St ep ot GRMERSAIN Y Sh Bl Boh dh SR Rlod ME o2 WRIEHR LRI Bh Y2! Le- the
nDdifiedtﬁgﬂ{ed the e i.on wavel engt h, devi . exa

or ocessed I FRNEE br PR AR AEURD Y B AT R AR BF oo SEST AR DT ocs
PR R I e B b R R R S
G St ance TEOTaPHRH £ RETBF rretbbe PaTe Ta R Py Hay M EBILP IS TIEh! k. I
e Sl S T B L 2 2
carrier step height is then either increased or decreased, relative to a fixcd

posi ti on YBICTHE MsE BF PerEREBRMAISRY At Cors dvicrbHe doricHe! JeisF Ml wavel engt h
change that will change the em ssion wavel engths to the desired em ssion

mavelengtﬁ lhe results gre shown in Fl 4C as a . 406 representing the
vavel engtP0Wévi at i l?'F—‘ipél-C*g(JJi’F?IP 8?“5%%%?301?%? At 86%@?@%136 Forgeﬂ‘?rgtre(?ﬁféc,ai which is
determ ned fromthe em ssion maveLengt -defFrence per. .unit di stance
conver si GHussion at 1ts characteristic wavelength. Acollimating lens 206 is positioned to direct the

collimated beam to a mirror 208 which deflects the optical beam into a monochromator 210. A

focusing lens 212 is used to focus the collimated beam into a slit of the monochromator 210.

The monochromator 210 passes a selected wavelength to an exit slit. A detector array 214 is

positioned to detect the optical beam passed by the exit slit. A data acquisition unit 216 can be

used to store the wavelength-position data. The X-Y translation stage translates the substrate

202 to a different area of the optical layer or to a different optical device and then the

measurement is repeated. For example, the optical devices can be spaced 2 mm apart and the X-

10



[ 0040] I n ot her enbodi nents, the em ssion wavel ength values arc rel ated
directly to an absolute thickness value of the portion of the wafer carrier
supporting the particular areas on the substrate. In these enbodi nents, the
substrate is also mapped with optical em ssion wavel ength data as a function
of position of the optical |ayer or the optical device and the result is the
map 402 of the substrate with wavel ength data corresponding to particular
layer or Ydemist@oR@sgd dafRansINEthe Bils&ht0 N0NVRMES HEbital &d vBigibaldirt@oht y X el ated to
t he absol ute thickness of the substrate carrier supporting the substrate. The
absol ut e hhisgkness of the substrate carrier is then either increased or
decreased depending on the direction of the desired wavel ength change.

[ 0041] The physical characteristic of the substrate carrier 100 is then

modi fi ed [@831pne or FIBellGfrateh@nipldrealits bymedsueaiche spandidigy gosi tions on the
substrate carrier 100 to obtain desired paraneters as a function of position

on the sypslohalifesedics inSlirurddh®200 desériRd Rhyehh&dibn G FAGIEIHISE 3 Qlubiatéshe substrate
carrier step height, then material is either added to or renoved fromthe

subst r at guE@hfei 300, WiQth inMRt 8Xdndle §aRcMRoRMEBEWLRr thhEs aMRRY 1AS FixCIRFHat €r by
numer ous neans, such as evaporation, sputtering, platting, or CVD. Portions

of the SUBSELALLedsF bl GfticAMY P MBS oPGedl B&ic@k‘?ﬁdgﬁlﬁeh%%‘&%ﬁﬁﬂ in only

certain areas of the substrate carrier. 100421Material can be renoved fromthc

bstrat i ha: ' ) - re
sSubs 808 af {hg @ﬁbsf Qrgrgg(ﬂls%HM{a%&fe pl@%‘%ﬁﬁl%ﬁt&ﬁé’ﬁlxﬁ? Bo£XER bEhe H}?ls ?ﬂ@

nuner ous net hods o ining localiz areas 1n the recess 104 o

substrat g, garti 10D ondi €, G-k . ed ;W nti nuous
contours %ﬁgﬁgﬁgﬁﬁ nacﬁ%%%gﬁwﬁ%Fﬁg%l?zeg g%éggqﬁﬁgggg%%ﬂgqgiFﬁﬁgﬁgggciaIized
cutting t Il dianmeter dianond cutting tool can be used.
Cutting ﬁd%%%”?%g %ﬁggggfgngﬁfﬂ?gh speeds, such as cutting tools that use air
turbi ne spindles can provide the relatively high accuracy needed for machining

smal | pi ﬁﬁ%@ 1004&%%5&3& s‘téﬁa?ﬁé}fﬁl?cgdlnﬁéﬁ{ﬁhe @ﬁ@h&%@ﬁe@g%&heﬁs@%ﬁpﬁﬁf e

carrier IS mappe ative strate carrier ste ght for

hi evi ' : . . t.he |
ovi co nrulsRERChafcd STREURN 8 bt RBu OO B ILACE b A BT AIdRE | 22l O

the map 5cfi)ozdletop g‘geﬂliggﬁdﬁagre s rr]umﬁfs %lfnlb ndiren%‘r(l:tha P];ertdﬂgct? ér)};cg){tl%al\@ga!mq k[]o £ %Orrrle{lps pond to
particul ar Tayer "areas or devices Tabricated on a su rate positioned above
the pixel. Th rrier step hei n..ei.ther ased or

substrate c ht is.the r

door basod ST RC G B o uTc e R PP to el o e TS el e, i n
one enbodi nen the s trate carrier step. hejght is then.either. i ncreased or
ey enoodieh bt B eef it/ Bt SRt et B e b ligh BEh ave i b
desired 1.SSi 0N wa ength. In this exanple, each.of the s trate carrier
Sop hoi dlEe2 R ABRLTRER? blien e S AT By R R SBaS! e B A THYSHE IR emcr of
the pi xel areas. In various enmhodi nents, the substrate cayrier can be designed
so that rfak s s t(be?Fsl/“ eeRisal gnission, tPrepdiearavay i vaestr dectitehper at ur e at

the growm h surface of each of the pixels. The amount of material to be renoved
i s proporibEpe! ths opties! piisHer 4 date Reduisiiiparung camboysed isterg the optical

intensity-position data.

[0033] Thus, the result of the measurement is a map of the substrate 300 with parameters
of the optical layer or optical device presented as a function of their corresponding positions on
the substrate 300. In the example shown in FIG. 3, each of the pixels 304 includes a number

representing the emission wavelength in nanometers. The positions on the substrate 300 are then
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[0044] I n various methods according to the present teaching, a conputer
controll ed pecking end m ||l can be used to renove substrate carrier materi al
in sone or all of the pixels. FIG 5 also shows an end m Il grinding pattern
504 that can be used to renove material in particular pixels. A CNC pecking
machi ne tool can be used to nove an end mll in the grinding pattern 504 shown
in FIG 5 for each of thc pixels requiring a depth change. Once the end ml|

fi ni shed rtlaRd @ theid tdtgespaldingpbsitibhs@AehdNuk@tate dahr @6btdTh b Imap S thaingedir@nd t hen
nmoved to another pixel. The mlling is performed serially until the depth of

al | pi xeloptiad @ryetsHdgech! H&ideRraaRRIS) whitatin ﬂmhﬁlﬁleimetﬂi@mﬂ wilcleappmenature at the
growm h surface of a substrate positioned over the substrate carrier. [0045]In
ot her metfiRgieterd prd¥ented asof f1B¢tioh YPBeR o QPRI poSBBhd B theShiviidid Edgermachi ne is
used to nodify the surface of the substrate carrier to forma continuous
contour that provides the desired tenperature at the growh surface of a

substrat qoexasi t i onekk @YRlirel PaaSEBS O s AN ey at sdRIsRISs &t e kubiBitbods can be
used to contour the surface of the substrate carrier. Sone of these nethods

use conpukeiheitRMiddab h physi@PimardRFsReIr TbGd ASRE. BRlRIhOB, theheshigst atic
di scharge, or water jet machining in predeterm ned pixels. [0046] O her nethods

conbi ne nARmRE: 8GE hVHp JFREL B A oIS BB AbrfSTRARS m&HE th@fe FRRLIGRhraQEridik Y f et chi ng,
wi th one or nore nasking steps that deposit at |east oné material that is

resist amsul%s@raiefégrr{eﬁ%‘{é'theniﬁé’a@ﬁeﬂtl‘i‘oﬁtﬁé Lkttt PERASLAAL R é%ﬁ@&iceﬁ»@inﬁom
t b k 1y wth a

met hods, e substrate carrier can be nmasked or partia maske
mat eri al a - unj i : i Create a
continuod%gg%ﬁfdﬁé&ﬁggﬁﬁgthk%%ﬁggg%ﬂpgg B@ﬁ%ggaﬁﬁgﬁ&%rd&?@@é&kﬁgwgggired

tenper at ures, A 00 O LN UL AGE 1 Urrl oIS 3 Bemd) Lo RLDEYiry TRt hods, an
VTR Ry Seerrd e 4

erodi bl e vari ckness nmaski ng ma IS resrs to the renova

means | s JepaS|LeM Vel Alok eRRANPRLL 000l (A8 SuRSLEaHE capnier- In these
net hods, areas"w reftatively i n~erodl ble nas ng material w experi ence

nore etching.th areas with thicker erodibl.e material and, thergefore, nore
carri or SUPRir AR LRl b P TEE Yo PR S s B8 DrBSHf 1 Sone

nmet hods, thﬁ’fqéfhcﬁ% characteristic is the thermal conductivity of the
subst r at @OVHPH BN GHI T & mal  conductivity is changed in |ocal regions of
the substrate carrier. For exanple, in certain |ocalized regions, material can

be insert into the localized regio repl aci ng, at | east., sone of the

cunst ot 0T O IR R AR R Eat RS R B R S BN Ton of the
substrate, carrier | S renpv i | ocal i zed regjo nd.is replaced with

o Cert o gy eals ob BN E el de Phai RS R R i R RS
different thermal canductivity can be a different material. or it can be the
sane nmat éPPge ™ aBE)ag i‘“’z"%‘ﬁ%&gl'\’fﬁ‘?lﬁh%re&i“f"?-e%‘g ﬁFaIBPlF’é‘IW%IE‘?I’b%ICiEiH’é‘Ide]e%HibBi ts a
different thermal conductivity. In other nmethods, the thernmal conductivity is
changed %9 SCHME SRS OB JiRSHEER O FEHISENHIRR R g? flogpl %P@@éé@?%er&agt he | ocal
regi on For exanple, the localized region can be irradiated wth an ion beam
that c har?@@@cﬁlgg’ Qs Wraffr @BieauBder thedgyer erflsvisal Metesspecifically, the surface

temperature of the wafer can be calculated from thermodynamic and kinetic reaction equations
by using the measured emission wavelength or the film composition of a semiconductor layer on
the substrate. Heat transport equations can then be used to relate the wafer surface temperature

to the depth or to the local thermal conductivity of the wafer carrier.

[0036] Also, in some embodiments, the relating the measured parameter of layers grown
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[ 0048] Wil e the applicant's teaching are described in conjunction with various
enbodi nents, it is not intended that the applicant's teaching be limted to
such enbodi nents. On the contrary, the applicant's teaching enconpass vari ous
alternatives, nodifications, and equivalents, as will be appreciated by those
of skill in the art, which may be nade therein w thout departing fromthe
spirit and scope of the teaching. \Miat is clained is: 1. A nethod of

modi fyi N@rdeaedaSivridited Ethe sestrhto td NP pR}RaldihaeesastReF HRIsOBIeR caliche nmet hod
conprising: a. depositing at |east one |layer on a substrate supported by a

subst r at @ofpfids @dlating cHPAEHl a0 GheRAUAMRE OF thefrdsbi? tAthih@RIMat GRPId ayer on the
substrate as a function of its corresponding position on the substrate

carrier; &perlndtdabe h&HROrMBEARWHRSh ARSIACE AR HaPEMDS R Qbtelnfndihe bR bf Some of
the plurality of positions on the substrate to a physical characteristic of

the SUDbStHALBEAT Eabi®r (aPreQitsdh BittRr RUbiFcth bp QR 8 ipRabicGhALAEhBEhEEd ¢S of the
profile at the growth surface of a substrate. For example, experimental data from
photoluminescence measurements of emission wavelength can be related to the local depth or

local thermal conductivity of the wafer carrier under the deposited layer being measured.

[0037] FIGS. 4A-4C illustrate an example of a method of relating measurements of
cmission wavelength of an optical layer or an optical device to the corresponding substrate
carrier step height according to the present teaching. The method includes a first step of
mapping the substrate with optical emission wavelength data as a function of position of the
optical device. The optical ecmission wavelength data can be obtained with the
photoluminescence instrument described in connection with FIG. 2. The results are shown in
FIG. 4A as a map 402 of the substrate with wavelength data corresponding to the position of the
deposited layer being measured. In this particular example, the desired wavelength, which is

also the average wavelength, is equal to 461 nm.

[0038] The emission wavelength deviation from the desired emission wavelength is then
determined. The results are shown in FIG. 4B as a map 404 of the substrate with emission
wavelength deviation data presented as a function of position on the substrate. If the emission
wavelength deviation data is greater than a predetermined value, the step height or other physical
characteristic of the substrate carrier is modified to reduce the emission wavelength deviation.
For example, in some processes it is desirable to have the emission wavelength deviation be less

than or equal to 2 nm.
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15substrate carrier corresponding to a plurality of positions on the
substrate: and d nodi fying the physical characteristic of the substrate
carrier at a pluralit\. of positions that correspond to a plurality of
positions on the substrate to 20obtain desired paraneters of the at |east one
deposited | ayer on the substrate as a function of position on the substrate
carrier. 2. The nethod of claim1l wherein the substrate carrier is fornmed of

at | east [0#8®] of gr ARIUnkiSsionSk&viclciEth Al fferéé frortaNdSirédnEkdial wavdlkngB is thie met hod
of claim|l wherein the substrate is forned of at | east one of a sem conductor,

metal, andla@f td NeH4h@d i@ kutBhi® chidibr stepfheighf enR BaghpRish&hithe dmivder ei n t he
relating the measured parameter of the at 30l east one |ayer deposited on the
substr at &ydvelchdlR ditYHLERr ufR BIAREASE 036 nf/\Bh fdrhQuSHRRLh@fPthat is about 16 mm

thick. In other words, for every desired 0.16 nm change in wavelength, the substrate carrier step

height must be changed by one micron. That is, the substrate carrier step height is then either

increased or decreased, relative to a fixed position on the wafer, depending on the direction of

the desired wavelength change that will change the emission wavelengths to the desired emission

wavelength. The results are shown in FIG. 4C as a map 406 representing the wavelength

deviation-to-carrier step height conversion in microns, which is determined from the emission

wavelength difference per unit distance conversion.

[0040] In other embodiments, the emission wavelength values are related directly to an
absolute thickness value of the portion of the wafer carrier supporting the particular arcas on the
substrate. In these embodiments, the substrate is also mapped with optical emission wavelength
data as a function of position of the optical layer or the optical device and the result is the map
402 of the substrate with wavelength data corresponding to particular layer or device position.
The emission wavelength is then directly related to the absolute thickness of the substrate carrier
supporting the substrate. The absolute thickness of the substrate carrier is then either increased

or decrcased depending on the direction of the desired wavelength change.

[0041] The physical characteristic of the substrate carrier 100 is then modified at one or
more of the plurality of corresponding positions on the substrate carrier 100 to obtain desired
parameters as a function of position on the substrate carrier 100. If the physical characteristic is
the substrate carrier step height, then material is either added to or removed from the substrate

carrier 100. Material can be added to the substrate carrier by numerous means, such as
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carrier conprises using a mathematical nodel. 5.The nmethod of claim1l wherein
the relating the neasured paraneter of the at | east one | ayer deposited on the
substrate to the physical characteristic of the substrate carrier conprises
relating enpirical data 5 6. The nethod of claim1 wherein the physical
characteristic of the substrate carrier conprises a |ocal depth of the
substrate carrier. 7. The nethod of claim1l wherein the physical

char act erdvadoratiodf splitk@ing Ul stif@loe CYOC aoktioRk o CABMILsE&S caritiQ@ibe AENBd that
conductivity of the substrate carrier. 8. The nethod of claim1l wherein the

physi cal ghatantepdsitd & dafy dehein SRS tat aibe@did tRficrconpri ses a local emissivity
of the substrate carrier. 159. The nethod of claim 1l wherein the physical

characteristic of the substrate
[0042] Material can be removed from the substrate carrier 100 in any one of numerous
ways. For example, there are numerous methods of machining localized areas in the recess 104
of the substrate carrier 100. The substrate carrier can be machined with continuous contours or
can be machined in localized areas by pecking with a specialized cutting tool. For example, a
small diameter diamond cutting tool can be used. Cutting tools that operate at high speeds, such

as cutting tools that use air turbine spindles can provide the relatively high accuracy needed for

machining small pixels.

[0043] FIG. 5 shows a pixel pecking map 500 of a substrate carrier that is mapped with
the relative substrate carrier step height for achieving a desired temperature at the growth surface
of cach of the layer or device arcas on the substrate. FIG. 5 shows an expanded view of onc arca
of the map 502 that indicates numbers in each of the pixels which correspond to particular layer
arcas or devices fabricated on a substrate positioned above the pixel. The substrate carrier step
height is then either increased or decreased depending on the direction of the parameter change.
For example, in one embodiment, the substrate carrier step height is then either increased or
decreased depending on the desired wavelength change necessary to achieve the desired
emission wavelength. In this example, each of the substrate carrier step heights is negative
meaning that material needs to be removed in each of the pixel areas. In various embodiments,
the substrate carrier can be designed so that material only needs to be removed to achieve a
desired temperature at the growth surface of each of the pixels. The amount of material to be

removed is proportional to the number in the layer area or device.
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carrier conprises a |local nmechanical property of the substrate carrier.
nmet hod of claim 1l wherein the paraneter conprises a perfornmance netric.

10. The
20 I1.

The nethod of claim| wherein the paranmeter is an optical paranmeter of the at
| east one | ayer deposited on the substrate. 12. The nethod of claiml
the paraneter is an electrical paraneter of the 25at |east one | ayer deposited
on the substrate. 13. The nethod of claiml wherein the paraneter is an

el ectro- qpe44¢ par anBlagbusahethdt addordiga®tthOpeschayahingepashjued comrollBe substrate.

30

pecking end mill can be used to remove substrate carrier material in some or all of the pixels.
FIG. 5 also shows an end mill grinding pattern 504 that can be used to remove material in
particular pixels. A CNC pecking machine tool can be used to move an end mill in the grinding
pattern 504 shown in FIG. 5 for each of the pixels requiring a depth change. Once the end mill
finished the grinding pattern in one pixel, the end mill is raised and then moved to another pixel.
The milling is performed serially until the depth of all pixels are changed to the depth that results

in desired temperature at the growth surface of a substrate positioned over the substrate carrier.

[0045] In other methods, a CNC or other type of computer controlled milling machine is
used to modify the surface of the substrate carrier to form a continuous contour that provides the
desired temperature at the growth surface of a substrate positioned over the substrate carrier.
Numerous other methods can be used to contour the surface of the substrate carrier. Some of
these methods use computer controlled tools for performing laser ablation, electrostatic

discharge, or water jet machining in predetermined pixels.

[0046] Other methods combine non-selective material removal means, such as chemical
or dry etching, with one or more masking steps that deposit at least one material that is resistant
to the removal means in certain predetermined areas. In some methods, the substrate carrier can
be masked or partially masked with a material that causes non-uniform etching of the substrate
carrier to create a continuous contour having a predetermined shape that provides the desired
temperatures at the growth surface of the substrates. In other methods, an erodible variable
thickness masking material that is resistant to the removal means is deposited over at least a
portion of the substrate carrier. In these methods, areas with relatively thin erodible masking

material will experience more etching than areas with thicker erodible material and, therefore,

16
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14. The method of claim 1l wherein the relating the neasured paraneter
associated with at | east sone of the plurality of correspondi ng positions on
the substrate carrier conprises relating em ssion NN avel ength of the at |east
one layer in 5particular |ocations to a corresponding |ocal depth of the
substrate carrier. 15. The nmethod of claim 1 wherein the nodifying the

physi cal characteristic of the substrate carrier as a function of position

conpri sesndre bambngrii@tedtéral will Bheibecdshds thead £egarrier in at | east one of the
plurality of corresponding positions on the 10substrate carrier. 16. The

met hod of claim 15 wherein the material is renoved fromthe substrate carrier
in at | egs047pne of Intdogc G@rhods plodythykigal phahdtéreis isahe thtv@nas cdasitictaitg o€ ter i er by at
| east one of machining, |aser ablation, chem cal etching, and electrostatic

di schar ggubstiate cirficr dltiehémtmed caiduetvady i chavdrdi®iobaltrfi@orn¥RdtesubgratcRerrphysi cal
characteristic of the substrate carrier conprise adding material to the

subst r at o afanip®y, in cekBin 1ddaBzdaRENSE, PhteBAlRbAbLinvhRE @it thehevaRAirédidRg t he
physical characteristic of 20the substrate carrier conprise changing thermal
conduct i di¥cindat feabtQRE of BF@IrAE A6 material in those regions. In some methods, a

portion of the substrate carrier is removed in a localized region and is replaced with material

having a different thermal conductivity. The material having a different thermal conductivity

can be a different material or it can be the same material, but positioned with a different

orientation that cxhibits a different thermal conductivity. In other methods, the thermal

conductivity is changed in localized regions by performing material processing at the local

region. For example, the localized region can be irradiated with an ion beam that changes the

thermal conductivity.

Equivalents

[0048] While the applicant’s teaching are described in conjunction with various
embodiments, it is not intended that the applicant’s teaching be limited to such embodiments.
On the contrary, the applicant’s teaching encompass various alternatives, modifications, and
equivalents, as will be appreciated by those of skill in the art, which may be made therein

without departing from the spirit and scope of the teaching.
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substrate carrier. 19. The nmethod of claim 18 wherein the thernal
conductivity is changed in the |ocal region by inserting a material into the
| ocal region. 25 20. The nethod of claim 18 wherein the thernmal conductivity
is changed in the local region by perform ng material processing at the |ocal
21. The nethod of claiml wherein the nodifying the physical
characteristic of 30the substrate carrier conprise changing the em ssivity in
region of the substrate carrier. 22. The nethod of claiml wherein

t he nodi fying the physical characteristic of the substrate carrier conprises
changi ng a | o€lalt isbamediscal property in a local region of the substrate

5 23. Anethod for inproving a performance netric of a substrate

t he net hod conpri si ng:

regi on.

a | ocal

carrier.
carrier,

5

10

15

20

25

30

1. A method of modifying a substrate carrier to improve process performance,

the method comprising:

a. depositing at least one layer on a substrate supported by a substrate carrier;

b. measuring a parameter of the at least one layer on the substrate as a

function of its corresponding position on the substrate carrier;

c. relating the measured parameter corresponding to at least some of the
plurality of positions on the substrate to a physical characteristic of the
substrate carrier to obtain a plurality of physical characteristics of the
substrate carrier corresponding to a plurality of positions on the substrate:

and

d. modifying the physical characteristic of the substrate carrier at a plurality
of positions that correspond to a plurality of positions on the substrate to
obtain desired parameters of the at least one deposited layer on the

substrate as a function of position on the substrate carrier.

2. The method of claim 1 wherein the substrate carrier 1s formed of at least one

of graphite, SiC, metal, and ceramic material.

3. The method of claim 1 wherein the substrate is formed of at least one of a

semiconductor, metal, and an insulator material.
4, The method of claim 1 wherein the relating the measured parameter of the at

least one layer deposited on the substrate to the physical characteristic of the substrate

carrier comprises using a mathematical model.

18



a fabricating a substrate carrier for supporting substrates for materi al
10processing, \ \ herein the substrate carrier has a physical characteristic
as a function of position; b. depositing at | east one lay er on a substrate
supported b\ a substrate carrier: 15c. neasuring a performance netric of the
at | east one |l ayer deposited on the substrate as a function of its
correspondi ng positions on the substrate carrier: d relating the neasured
performance netric corresponding to at | east sone 20positions on the substrate
to the physical characteristic of the substrate carrier to obtain a plurality
of physical ¢éharathemeed eisclam it Weergubwtrelating thameisered paramepolntie alg to a

plurality of lé%tgtsfjn% il:Rv@Pde%anteQ%n ﬁl"é%ﬁlgﬁl%{eqo th%%ﬂysical characteristic of the substrate

carrier comprises relating empirical data.

6. The method of claim 1 wherein the physical characteristic of the substrate

carrier comprises a local depth of the substrate carrier.

7. The method of claim 1 wherein the physical characteristic of the substrate

10  carrier comprises a local thermal conductivity of the substrate carrier.

8. The method of claim 1 wherein the physical characteristic of the substrate

carrier comprises a local emissivity of the substrate carrier.

15 9. The method of claim 1 wherein the physical characteristic of the substrate

carrier comprises a local mechanical property of the substrate carrier.

10. The method of claim 1 wherein the parameter comprises a performance
metric.

20
11. The method of claim 1 wherein the parameter is an optical parameter of the at

least one layer deposited on the substrate.

12. The method of claim 1 wherein the parameter is an electrical parameter of the

25  at least one layer deposited on the substrate.

13. The method of claim 1 wherein the parameter is an electro-optic parameter of

the at least one layer deposited on the substrate.

30
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25e. nodifying the physical characteristic of the substrate carrier at a
plurality of positions that correspond to a plurality of positions on the
substrate to obtain desired perfornmance netrics of the deposited at |east one
| ayer on the substrate as a function of position on the substrate carrier.
3024. The nmet hod of claim 23 wherein the fabricated substrate carrier has a
predeterm ned depth contour. 25.The nethod of claim 23 wherein the fabricated
substrate carrier has a predeterm ned thermal contour. 526. A nethod of

nodi fying a substrate carrier to i nprove process perfornmance, the nethod
conprising: a4 depbsinteihng et clisakthaeie teaylaenrg b mgasicddparaateeesr support ed b\ a

substrate Carldofihited with at least some of the plurality of corresponding positions on the
substrate carrier comprises relating emission wavelength of the at least one layer in

5  particular locations to a corresponding local depth of the substrate carrier.

15. The method of claim 1 wherein the modifyving the physical characteristic of
the substrate carrier as a function of position comprises removing material from the
substrate carrier in at least one of the plurality of corresponding positions on the

10  substrate carrier.

16. The method of claim 15 wherein the material is removed from the substrate
carrier in at least one of the corresponding positions on the substrate carrier by at least
one of machining, laser ablation, chemical etching, and electrostatic discharge.

15
17. The method of claim 1 wherein the modifyving the physical characteristic of

the substrate carrier comprise adding material to the substrate carrier.

18. The method of claim 1 wherein the modifyving the physical characteristic of
20  the substrate carrier comprise changing thermal conductivity in a local region of the

substrate carrier.

19. The method of claim 18 wherein the thermal conductivity is changed in the
local region by inserting a material into the local region.

25
20. The method of claim 18 wherein the thermal conductivity is changed in the

local region by performing material processing at the local region.
21. The method of claim 1 wherein the modifyving the physical characteristic of

30  the substrate carrier comprise changing the emissivity in a local region of the

substrate carrier.
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b measuring a tenperature dependent process paraneter of the at |east one

| ayer deposited on the substrate as a function of its correspondi ng position
on the substrate carrier; c. relating the nmeasured paraneter of the at | east
one | ayer fabricated on the 15substrate to a depth of the substrate carrier to
obtain a plurality of depths of the substrate carrier corresponding to a
plurality of positions on the substrate: and d nodifying the depth of the
substrate carrier at a plurality of positions 20 corresponding to a plurality
of positions on the substrate to obtain desired paraneters of the deposited at
| east one | ayér oﬁhQmmﬂﬁmbﬁd@anbW@@daﬂﬁhﬂmkﬁﬁ@mmnﬂwﬂh%Cb@wﬁ@Sbonﬂing posi tion

on the subst i S%E%tga?e cap;n? cémérﬂgsdch%%lﬁ%glo%l c%g{azlaﬁa&ﬁemq%pc #e&mﬁg the at

| east one Iayer rises rica antum we ructure by
vapor phase @ﬁﬂﬁaﬂwnm28mrﬁhe met hod of claim 26 wherein the paraneter
conprises _optical intensity. 29. The nethod of claim 26 wherein the paraneter
conpri ses optical em ssion

23. A method for improving a performance metric of a substrate carrier, the

method comprising:

a. fabricating a substrate carrier for supporting substrates for material
10 processing, wherein the substrate carrier has a physical characteristic as a

function of position;
b. depositing at least one layer on a substrate supported by a substrate carrier;

15 c. measuring a performance metric of the at least one layer deposited on the
substrate as a function of its corresponding positions on the substrate

carrier;

d. relating the measured performance metric corresponding to at least some
20 positions on the substrate to the physical characteristic of the
substrate carrier to obtain a plurality of physical characteristics of the
substrate carrier corresponding to a plurality of positions on the substrate:

and

25 e. modifying the physical characteristic of the substrate carrier at a plurality
of positions that correspond to a plurality of positions on the substrate to
obtain desired performance metrics of the deposited at least one layer on

the substrate as a function of position on the substrate carrier.

30 24 The method of claim 23 wherein the fabricated substrate carrier has a

predetermined depth contour.
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30wavel ength. 30. The nethod of claim 26 wherein the paraneter conprises an
electrical paraneter. 5 31. The nethod of claim26 wherein the paraneter
conprises an electro-optic paranmeter. 32. The nethod of claim 26 wherein the
relating the measured paraneter of the at 10l east one | ayer deposited on the
substrate to the depth of the substrate carrier conprises using a nmathenmati cal
nodel . 33. The nethod of claim 26 wherein the relating the neasured
paranmeter of the at |east one |ayer deposited on the substrate to the depth of

the substrate carrier 15conprises relating enpirical data.
25. The method of claim 23 wherein the fabricated substrate carrier has a

predetermined thermal contour.

5  26. A method of modifying a substrate carrier to improve process performance,

the method comprising:

a. depositing at least one layer on a substrate supported by a substrate carrier;

10 b. measuring a temperature dependent process parameter of the at least one
layer deposited on the substrate as a function of its corresponding position

on the substrate carrier;

c¢. relating the measured parameter of the at least one layer fabricated on the
15 substrate to a depth of the substrate carrier to obtain a plurality of depths
of the substrate carrier corresponding to a plurality of positions on the

substrate: and
d. modifving the depth of the substrate carrier at a plurality of positions
20 corresponding to a plurality of positions on the substrate to obtain desired
parameters of the deposited at least one layer on the substrate as a function

of the corresponding position on the substrate.

27. The method of claim 26 wherein the depositing the at least one layer

25  comprises fabricating a multiple quantum well structure by vapor phase epitaxy.

28. The method of claim 26 wherein the parameter comprises optical intensity.

29, The method of claim 26 wherein the parameter comprises optical emission

30  wavelength.
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34. The nethod of claim 26 wherein the nodifying the depths of the substrate
carrier as a function of position to obtain desired paraneters of the
deposited at |east one |ayer conprise renoving nmaterial fromthe substrate
carrier in localized areas. 20 35. The method of claim 34 wherein the
material is renoved in discrete |ocalized areas. 36. The nethod of claim 34
wherein the material is renoved to forma continuous 25contour. 37. The

nmet hod of claim 26 wherein the nodifying the depths of the substrate carrier
as a function of position to obtain desired paraneters of the deposited at

| east one | ayer conprise adding material to the substrate carrier in localized

areas. 38.A 3@; bs %Bﬁl@t{lﬁ%{ﬁ{ %ﬁﬂlc%g}ﬂl%reg%t-hg Bgraﬁ%ttepgo%pqsestJLn%ile@ri]cal 539. A substrate

carrier nmade t he me
parameter.
5
31. The method of claim 26 wherein the parameter comprises an electro-optic
parameter.
32, The method of claim 26 wherein the relating the measured parameter of the at

10  least one layer deposited on the substrate to the depth of the substrate carrier

comprises using a mathematical model.

33, The method of claim 26 wherein the relating the measured parameter of the at
least one layer deposited on the substrate to the depth of the substrate carrier

15 comprises relating empirical data.

34, The method of claim 26 wherein the modifying the depths of the substrate
carrier as a function of position to obtain desired parameters of the deposited at least

one layer comprise removing material from the substrate carrier in localized areas.

20
35, The method of claim 34 wherein the material 1s removed in discrete localized
areas.
36. The method of claim 34 wherein the material is removed to form a continuous

25 contour.

37. The method of claim 26 wherein the modifying the depths of the substrate
carrier as a function of position to obtain desired parameters of the deposited at least
one layer comprise adding material to the substrate carrier in localized areas.
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40. A substrate carrier nmade by the nethod of claim 26.

38. A substrate carrier made by the method of claim 1.
5 39 A substrate carrier made by the method of claim 23.
40. A substrate carrier made by the method of claim 26.
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