WO 2011/ 068660PCT/ US2010/ 056622 Met hod for | nproving Performnce of a
Substrate Carrier [0001] The section headi ngs used herein are for

or gani zatwonal1/gesdeposes only and shoul d not to be const rPagasasioloseset i ng t he
subject matter described in the present application in any way.

I ntroduction [0002] Many material processing systens include substrate
carriers for supporting and sonetimes 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 cpi t aypethoior 16iHibeie PéaRRmandasea SRbiwxtt ChirRrt ype of chem cal
vapor deposition (CVD) which 1 nvolves directing one or nore gases
cont ai ni ng chenmi cal species onto a surface of a substrate so that the
reactive species react and forma filmon the surface of the substrate. For
exanpl e, VPE can be used to grow conpound sem conductor materials on

subst 18@M4. [ 0003 Mut®nihahdingy esed hpicordrk yorgrgamzdspniltjuepasehignlzatand ekesdd one
precursor gas and, in many processes, at least a first and a second

pr ecumsofo i@a®nktiicd a3 lipfidegdR sabRolaittcd dpioaibbd rgtht hecsetitypphddtionén subehy.at e.
Compound sem conductors, such as Il11-V sem conductors, can be fornmed by
growi ng various |ayers of sem conductor materials on a substrate using a
hydri qgidedgetigisOr gas and an organonetal i c precursor gas. Metal organic
vapor phase epitaxy (MOVWPE) is a vapor deposition nethod that is commonly
used to grow conmpound sem conductors using a surface reaction of

met al gpapi CS a%q%@grg%tgeﬂﬁspﬁ&@%}ﬁ%g}s@&mt Meue Jishad GHEM fo?'s%?ﬁ@érﬁt For

exanpl'e, indiump hi-de “coul grown in a reactor on a strate by
hntr O%gr%letql%eg {rimrgle)grhg%[glsﬂgsltraye@(ﬁplgg Bpo%%?sbﬂgn ®The substrate is often a disc of crystalline

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 I1I-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.



WO 2011/ 068660PCT/ US2010/ 056622 [ 00041Al ternati ve nanes for MOVPE used in
the art include organonetal lic vapor phase epitaxy (OWPE), netal organic
chenm cal weapori/weg@ositi on (MOCVD), and organonetal |l c clReFiusad100aG02
deposition (OMCVD). In these processes, the gases are reacted with one
another at the growh surface of a substrate, such as a sapphire, Si, GAs,
InP, InAs or GaP substrate, to forma Ill-V conpound of the general formla

| nxGa NkAsch wher e I‘OXI el y one, d A+B+C+D
equal JOUMMr oxi ravTErcshamin or MON P sed b i orkartisa B Gapprpheve
bet ween zero and one. In various processes, the substrate can be a netal,
seni csRdt GIMVEE).dncthlaeaanist qhapnica anor deposition @MVMSQWWOW%W h may
be used in place of sonme or all of the other Goup Ill netals.

[ 0005]c@amaelivighos derios viod YOMIE D) .s licthesesprbddssey, the ghesnduchaed witbane ahatberbe
formed by growi ng various |ayers of sem conductor materials on a substrate
usi ng agthayléwthesubfac SoMadubdiRatBr REM LSO EapPBic, ¥ 0GLES Ink,TnAREr (AP sal@tiapey
phase epitaxy (HYPE) process, Goup Il nitrides (e.g., GaN, AIN) are

for ”eqomaﬁﬁaﬁu,rggo atof@?ég&e&hre%b@ NG A GRS AGSP S, G xqfw% %Lt M th

anmoni a gas e met des ar ¢ generated by passin HCl gas

very mPgmRapuh Pt AR LD robt CnREH TR PO sih A ChH

processes. Anot her feature of HYPE is that it can be used to dep05|t

r el at i e balegHeRR 7 £34 onq 18 VRN RCPIInEC AHRSUGICHRRA OPd TBClar bon free

envi ronnent and because the hot HCL gas provides a self-cleaning effect.

[ 0006 ]stmicohdwdoppoveinsesiing swbhsisaibs ty somee instangeis isihwddna beausce ieplaceol
tenperature within a reaction chanber. The precursor gases are typically

m xed saint lor bl ef theaalidriGrougHs ertads)d are then directed into the reaction
chanber. Typically, the gases arc at a relatively | ow tenperature when they
are introduced into the reaction chanber. As the gases reach the hot

subst nede5] t hei CongroRad séicBndiiss, Rae & Ml endoaidl@blsecngsde fobhed by
reaction, increases. Formati on of the epitaxial WO
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COI’]St uen s at t strate surtace arc for WEE by a

em cal reaction on ace of . the su and no si,cal
depos.pf?cwob%sc@ggeég 3@&8@?{@% ph%rfpftgxya %@%ﬁ%fe&s S AR ue for
t her rodynam cal | g net ast abl e al | gys. VPE is commni%(algsed f or
manuf 4&8ufdahg Al aic famerdyy, reg%}%rh%é@qegus @ﬁfél ml@h@%éﬁgb Gakd oy 1t EDs) .
Bri ef Descrl ption of the Draw ngs
ammonia gas (NH3). The metal chlorides are generated by passing hot HCI gas over the hot

Group III metals. One feature of HVPE is that it can have a very high growth rate, up to 100 um
per hour for some state-of-the-art processes. Another feature of HVPE is that it can be used to
deposit relatively high quality films because films are grown in a carbon free environment and

because the hot HCI gas provides a self-cleaning effect.

[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



[ 0007] The present teaching, in accordance with preferred and exenpl ary
enbodi nents, together with further advantages thereof, is nore particularly
descri bedwpreotiesdeol | owi ng det ai | ed description, taken PaTas2¢006662DN Wit h
t he acconpanying drawi ngs. The skilled person in the art w 11 understand
that the draw ngs, described below, are for illustration purposes only. The
drawi ngs are not necessarily to scal e, enphasis instead generally being

pl aced upon il trati Ies of the teac The awi ngs arc not
P ondiit ot b fnglnurgbat BF Dl ricarls 8 Peatig SHodny aag o
[0008]FIG | Aillustrates a side-view of a substrate carrier that s

fabri detnead Wira ehsaniedl sepctier on deryriper efitbe prisgetsand aachy ysipbdwopitpe. 1B
illustrates a top-view of a substrate carrier that is fabricated or

nmodi f ipeateaes.oCdnsequeslyt N€Eps e slesitabteegrotviinigchii @10t Fe@Gno@ynamieallychemat i ¢

di agram of a phot ol um nescence instrunment that is used to neasure the

wavel engidatdd alikl Catrertly, SSPOR BRIk 8stdE¥r RBnERELERE 1ak@YREdR) soltR\kliE -
[0011]FIG 3 illustrates results of nmeasurenments generated by the

phot ol Wi;BESGHNGE diped (FEPR). described in connection with FIG 1.

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 generated by the photoluminescence

instrument described in connection with FIG. 1.



WD 2011/ 068660PCT/ US2010/ 056622 [0012] FI GS. 4A-4C illustrate an exanpl e of
a nethod of relating neasurenents of em ssion wavel ength of an opti cal

| ayer or wewntaesaot he correspondi ng substrate carrier SCEWUShEI0HHG622
according to the present teaching. [0013]FIG 5 shows a pixel pecking map
of a substrate carrier that is mapped with the relative substrate carrier
step height for achieving a desired tenperature at the growth surface of
each he | ay r device areas on the.substrate. Description of. Various
Erooai NS [ COFIRet ATt B FHE Bh e Bt F § ERMoga £ i bt o - an
enbodi mrent nmeans that a particular feature, structure, or characteristic
descr icBEBIgWshnadt ofom aiticel lpyes og DGR ivehe corsespardingleubsirpic sericeslsp one
enbodi ment of the teaching. The appearances of the phrase "in one
enbodihemht a¢cordimg toathis pplsavesachmgt he speci fi cati on are not necessarily al
referring to the sane enbodi nent. [0015]1t should be understood that the

i ndi vidual steps of the nethods of the present teachings may be perforned
i n anyo@ryjer andiior 5 shotd 4 pireioesking asap cMagubstrdtheartieah i i0 ehappethivith the
operable. Furthernore, it should be understood that the apparatus and

met hodsja@fe §U!B§ta£5 eseiet stEﬁlﬁéEthr}'aﬁ aGRE g LG d *Np IMTREN: (1R grg};vléh Qhtakb8f

descri bed enbodi nents as long as the teaching remai ns opera

cach of the layer or device areas on the substrate.

Description 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 simultaneously 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 thercof as shown in the accompanying drawings. While the present
teachings are 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



[ 0016] The present teaching will now be described in nore detail with
reference to exenplary enbodi nents thereof as shown in the acconpanyi ng

dr awi ngs.wolniieesdse present teachi ngs are described in ®omjuseemiosss22m t h
vari ous enbodi ments and exanples, it is not intended that the present
teachings be imted to such enbodinents. On the contrary, the present WO
2011/ 068660PCT/ US2010/ 056622 teachings enconpass various alternatives,
nDdlflcahrons and e uivalep as mn% be apﬁée0|ated by Ugse of sk|II in
the arf2ChiigyEReoFPast YTIPYS GltERMYCS; Hodifjgatigns a Wlﬁtjals%éé‘éw ceRFetialdhi ng
herein will recogni ze additional inplenentations, nodifications, and
embodibehess of sksillip e as Fraseef eidinads siet inythe aridhiving ageess g theiteaching heedme of
the present disclosure as described herein. [00171The present teaching

r el at eslltrecogeizh additiofal maplehaatations) gnaiificabidng, phd gmbodistentst & well ps ethsr i n
material processing systems to inprove process performance. Al though some
aspectfeldfoftube vHiesaotwitteRehisoghAdfehepesdnt BRGIokic @9 BBREbEPRerdint h | nprovi ng
t he perfornance of substrate carriers for VPE systens, one skilled in the
art will appreciate that the nmethods of the present invention can be

appl i ggof9 any tm%%r&fenﬂé ﬁ%fsr'efh%sstb{ ScBBdb Bﬁhtahﬁ'ﬁls'ﬂﬁﬁ er ﬁt‘éﬁﬂzﬂh@%ﬁbs‘ﬁ%{é rer.

Al so, al though sone aspects t he present i nvention are desctribed in

connegt rovi l. i

| aser s be?s l()\éﬁtr%e}?lll%% oces G?e(r:ﬁ/esstg 11%390% ﬁegsggeri’o e a%ﬁﬁguélﬁ sor%glgsz)elctg te
t hat t e met hods qf. the pre e i nvention. can be applie e of

| ayer CAHF RIeSFLEashRg #gideee %ﬁg} I gaEceoopith Earroviaediy Wgﬁrﬂan% éc“tlggﬁ‘it%,
el ectro-optic, or acoustlc devi ce. [0018] The tenperature at the growth

sur f acarrists fond/ PEtystemst encoipléadds therart will anavgsaate that theanethods of hepresané

carrier and on the heat transfer between the substrate carrier and the
subst riatcatiotdeat bd apphsd &r argagpocprocdsking ygdtcrn olnd watiudes 2 salbstnaecdariaer, Also,
radi ati on, or through a conbi nation of heat transfer nechanisns. A

condu %lth@t[ghrﬁéﬁ@ aspctd\&Rhe pFeadti fiBfenBSs idRR sdrital iRbdnnR&@dn % ItRREHOYIn@GRAI S
t hrough conduction and that there is no significant heat transfer by

conveghygpy %ﬁbﬁl £adYcld RP L'E?ietas 1S, df Oftfer @g&&é{t ﬁéxﬁcés% SHRlddSh tlﬁé‘é?ﬁ%v iptes

where typic ere are only re ative gaps 'bet ween t strate

and the substrat |er hat are on or der onvectron
RURRAS T S RO S R S T e
convection. The convection nodel is not accurate for, many VPE processrng
syst efsVicainelusinganydypciet orsisak slsgicel slscirobelclestempss. erﬁapuwéaimcr: ansf er
occurs through both conduction and convention. WD

2011/ 068660PCT/ US2010/ 056622
[0018] The temperature at the growth surface of the substrate depends on the temperature

of the substrate carrier and on the heat transfer between the substrate carrier and the substrate.
Heat transfer can occur through conduction, convection, radiation, or through a combination of
heat transfer mechanisms. A conduction model of heat transfer assumes that all heat transfer
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.



This nodel is nore accurate for |arger substrates where there can be | arger
gaps between the substrate and the substrate carrier, which can be on order
of 300-5080rnwwwsesd For exanpl e, eight inch substrates eam/usame/os@bkatively
| ar ge gaps between the substrate and the substrate carrier that result in
significant anmounts of both conduction and convention heat transfer. A

radi ati on nodel of heat transfer assunes that heat transfer occurs through
radi at i on. i.s nmodel is accurate for sqme processes that use opagque

Gobs t ripuodd iSOyt B B SEhplss ML GoeR e ot dsepupeveRt e gr owt h
surface of the substrate is also affected by nunerous ot her

non- urikpsdiesd anddBe pubstrpfe camtcarwitirh prnokecarseidgt ¢f\A90e10 msronsx Fapramplhe
tenperature of the growh surface of substrate is affected by

non- uright invhtsiesratas chh bayr ekesslydage Ehpbeowem thheutstrhstand tle, substgace edifiect s
near the walls of the process chanber, and nunerous other defects and

asymrehdtir@siltiin sighHicRhtasesSts¢F boytsé@iuctid0d]dofvaidh the@nrant Re Aengefiat ur e of
the gromh surface of the substrate is affected by the shape of the

SubST iad) b ) randht) LA Gl Bn BHORE bALESHALRAYSHALLY TIAL noomL et el y

round. Substrates typically 1nc e an orientation at and they also tend

to bow and rp._durin rocessing. The, K shape of t.he substrate can change
dur 1 ngearoe SR Pat PR AR S ROl bt R HBH o “por ni o

t he nedi an surface of a free, undanped substrate fromthe medi an surface
refer pl ane _est abl i shed three paints equally spaced._.on circle with
o di atl e nél%ﬁt%‘ﬁ%fif?’flfee‘bg G PO epﬁ&}?q#iﬁ%r%%maiwqﬁw er of the
substrate. Like bow, warp is a neasurenment of the differences between the
maxi mitTEFs wither rorundprritipciaghe mataiel pregesamgsisttac Fopexample.dbe uncl anped
substrate froma reference place. Bow and warp of the substrate are

f unct itemperafuraafitiic fasttbswfacswd bulassratens effedtd st n@ssnifdrntities is tikksproatse gag he
deposition tenperature, the structure being grown on the substrate, and

t enperfRiwtiser HARbSRitS, eidge EATEtPHQE BfeSw Al RTRRS pro¥¥8s chamber, and numerous other
2011/ 068660PCT/ US2010/ 056622 [ 00211Many material processes require very

hi gh é%ﬁ%g%mh%s QQEQ%%?%EX&X££h%§ﬁ“59dUStry' For exanple, it is highly

desir e to achi eve a proce yi el d of LED and sem conductor |aser
devices for these devices to be conpetitive in the industry. In particular,

t here | urrent| need jn the indystr o imrove the yield.of VPE
or oced 0T o bR ekt SR PPEEERe bt fiBiedry Leo
and sem conductor | aser applications, it is critical to achieve precise
o ssitB ARy %ﬁ@%ﬁtwet ifeh 40 PePRAR SHRstiaks At EnaleaBPEEy EPund: .
Devices with em ssion wavel engths outside of a certain narrow predeterm ned
r ange Sabsiraf¢ssiypicelddinghuds gn g@rigntagomilafcod theydlier tedto havdemd warptdweingar get
process yield. [0022] The em ssion wavel ength of these devi ces depends
st r onghrgcessing. HBhegshapt bf the substrate can change during processing. Substrate bow is the

deviation of the center point of the median surface of a free, unclamped substrate from the

median surface reference plane established by three points equally spaced on a circle with a

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.



tenperature and on the solid phase conposition of at |east sone of the
sem conductor layers. In particular, growing nmultiple quantum well

st ruct ur esowntinesdse desi red em ssi on wavel engt h and opt iPcaliuspoiopsssl: es
requi res precise control over the tenperature, |ayer thickness, and
conposition at the gromh surface of the substrate. Therefore, the growh
tenperature nust be precisely controlled to achieve uni form materi al

properh'%i over the entire romth surface .0 strate in order to achi eve
5 hi g0 cess Neryormtev@rpr feSthecqRiTERal'S il ‘e SrsPBPETYV R tOr m over
the substrate, there still could be significant variations in the enm ssion

wavel erdjsiy diier exwmple itgh hhldgsirable énadvicvesriigl pocewalicldiof EBPeandes wi t hi n
t he deposition chanber. Therefore, it is sonetinmes desirable to

i nt entseimrahdyctomdsec deactscopthesdt dirvécen enbaicorymatitive yn tho inbispeneapatifdar, gas
phase and other non-uniformty. In many instances, it is desirable to use

the t eng@eisdudcatng nded@nthe RlduMay iodBlpeo el tH@?teldJ&H\VPE pfochiias® maiTFaGhiki on
cannot be easily mani pul ated. [00231Therefore, one aspect of the present

t eachiy! y) L% &fTES R 0P lasBRANIRCT ﬁé Qn\}PJEquHEé/ﬂlﬁgnma&%t %%Iﬁﬁﬁﬁ&%r gid N

mat er i processi ng systens, suc systens, to no enperat ure

uni form.t . the substrate bein t he su carrier. In
Var i ostu S§ShsacRBbReH e 16 SLaBBR L Sl Rl AL S BuERy &
teachi ng, the tenperature unlforntt can_be inproved or  intentionally

r educ &S PorersVithemisypn e vVelreetpy %@é@ ob FHTEHRHERY P[IISHTBEH S1EELRE bow
and warp are functions of the substrate tenperature. In sone nethods of the
pr esenliscarslad i sajd at hdiseutysadrmaice, wdneingtheitargttaiypéasaystt. or nodi fied to match
the curvature of the surface of the substrate so that the substrate has a
nore uniformtenperature at the growh surface. In other nethods, the

subst f@@22] car r i dihciesisador waad @gtiosf thexdi deveds dapepdostiodglyeomthe detveth m ned
tenperature profile over the substrate being supported by the substrate

carri egmpdr@zSdrdton the dbIfd 1?&% EorhPosRIMNYoGR QS sbfcRTFERY RfEndIBRS ik ersams
control the tenperature of substrates being processed and/or |ocal gas

phase i L on
necosSaRRS: frbphe ByliBE R ARREScIf MR, b AR RS SRS,
non-uni f.ormtie ubstrate,and .t sate for

ot her SRUFGHTGRs TGS PﬁeCtSﬁé%tr@coasgt%ﬁ}e%tt@rﬂ I EhRaE Sy B SRR | s
espeC|aIIy difficult when the substrates are optically transparent One
met hodt te mowthrsyriage of thepastraice Tharcforer the srovH feamReTyHBYSE PRETHECHor mance
according to the present teaching includes post growh neasurenment or

anal ysostrafedtthecliatsumtore roatedd \prepstidsatyer hatcatregrowiesusiabsof aubstratTine
resulting data obtained fromthe neasurenent and analysis is then used to
modi f wrddieo s¢Histcraaiigh prictdsglicldr Evén ffaly icaptanac esungldslynatiforraared the Wit h
specifications that conpensate for non-uniform process paraneters

associgab@@tdiid §thBcRUPSE §ighificart YaRa@shstif RYNALH6EWANILRh Q@esto@ta@ﬁﬁase
non-uniformties, due to non-uniformties in the processing sys
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desirable to intentionally induce a temperature non-uniformity to compensate for gas phase and
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



fabricated on the substrate are then nmeasured as a fiinction of their
correspondi ng positions on the substrate carrier. The paraneters can be any
type of paoanatwsssbhncl udi ng, but not limted to, WO PCT/US2010/056622

2011/ 068660PCT/ US2010/ 056622 optical paraneters, electrical paraneters, or
el ectro-optic paraneters. For exanple, the paraneters can be perfornmance
metrics of an electrical or an optical device In one specific enbodinment,

t he par ter ured is velen t h of tical en135|on ener ated by
o opeiiarigay adne Berh B B g ey TaBUS ot o SEm Cduct or I aser
[00271FI G, 1A illustrates a side-view of a substrate carrier 100 that is
fabri deteeliproHy nesiced Ecprdeicoimpinye the nraecspped@immant@achi ng. The substrate
carrier 100 is designed to support substrates 102 during processing with
tabs 103. Nunerous types of tabs can be used. For exanple, the tabs can be
t ri ang0024] - shapeaibstadis bowmand svarp podundtioneof tht ssstretcdtmberetrd. omssoalcong t he
edge of the substrate. The substrate carrier 100 can be forned of nunerous

t ypes nadthditof theprssensteathing, thd Qpbirite carbieCis faBiaked dmbdifsdidi matomiter i al . For
sonme enbodi nents of the present teaching, it is desirable to formthe

subst rahanfabf isukRQ FthAsubBlaE s@that ﬁl%tsuﬁﬁﬁté)@aseaarﬁbtlemn%ﬁﬁ 'té?ﬁ[%rétﬂre at )
| ocal i zed areas or in a predetermned contour. In other enbodiments, it is

desi r%l?é VV?h gu(%aa\ errgl}otﬁg Et'ilgctis heasruﬁét?ate 3- rple 13 ffqrﬁ%{ee © %{ the%ttﬂé%c}zlc?eag iy

accept arth ah erl a oca ed "ar eéas Ner-Ye nent s,
it is de |rabl to forn1th? substrat carri.er 100 %£ r|aI t hat can
acceptPeqsLeEmy ed 4 s FRUET RIS RCE e BB baiRe wuprt P}érheaw WAhCAI: £ f er ent

orientation or with nodified properties in |ocalized areas. [0028]The
substrate carrier 100 has a nulti-step recess 104 for suPportln

subst 189251102 ddt iskliffisplp sr@mannepscsriparcewaebsmegargangd congp TW%atﬂlt%)ff rom
the bottom of the recess 104 to the bottom surface 102" of the substrate
102. Gnkstaspdeinggirotcheedmnd®e iricat gaghasegeongpositan i1 thel frochacigeder m drider tot ep
hei ght 106 and/or thermal conductivity of the substrate carrier 100 under

the stoBmik aforelhing eéddsary @B adtH bEMAHIfY iR WbswWitdcatiel deembersatcdfor hie
substrate 102 so that it has a nore uniformtenperature profile or has a

pr edetariiReds 9¢fe Gl SIMEE dfifrfe RhQTd din e%ké%e kﬁdtﬁér%ﬁ T@fBAn et fRnYi ew of
a substrate carrier 100 that 1s fab rlcateJ) fied accor I ng to t he WO

2011/ 068660QPCT/ US2010/ 056622
oot | adl SR T ] SRR rﬁ?@%ﬁ%ﬁisee%‘%?m%%n%@% LN REH AR

entire substrate 102.
optlcaHIsy transparent. One method of modifying a substrate carrier to improve processing

performance according to the present teaching includes post growth measurement or analysis of
the substrate or devices fabricated on the substrate. The resulting data obtained from the
measurement and analysis is then used to modify the substrate carrier or to fabricate a new
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,



[0029]FIG 2 is a schematic diagramof a photol um nescence instrunment 200
that is used to neasure the wavel ength of optical em ssions generated by an
opti cal |wgeptiaws@n optical device fabricated on a subsPcatis2@08566The

i nstrunment 200 includes a | aser 204 that generates an optical beamw th a
narrow beam wi dth. The | aser 204 directs the optical beamto a small area
on the surface of the substrate 202 that corresponds to a smal | area of an
opti cal %yer or to a S'?S'e 0 tlcal deV|ce so t hat tlcaL beam can

pr obe PHEA BRTAMELTTS- FISFITEE] PHRRCELH OF FISEER-90% Palamgiats 8”8 mpfeHthe

transl ation stage that translates the substrate 202 under the optical beam
SO t hawranicrs g} baperisainen Peikies obriselpeical oe a8 opficah Agvistuntsene specafi¢  of t he
optical devices. This technique can also be used to neasure em ssion

wavel engobinodnt,| thy parsmgteomeaomed hehswhsdlcratleobaftonkeerhikgonptnecatd been ces are
fabricated. In this case, the em ssion wavel ength in predeterm ned areas of
the suwhstdateict,SutRpPeHgitenitRRRIGH drhgcaiddatiiaselasnder the beamto
determne if the wafer will meet the per formance specifications before
devices arc fabricated on the wafer. [00301The optical beam causes the

opti cgpolRyer OVFIGPIA(}@&suQ‘c’e\é 'a%ﬁielxiie\%@@rséﬁs%ra%%k&&'loé M2 34 ABridkicd &S
characteristic wavel ength A collimating lens 206 is positioned to direct

the C%Adlﬁ?(% arc%gﬁjﬁr?g re[s]gnt te%flélﬁgéggﬁg s&!gtrgt%f érei\rfetrsi 96 hsedeg%he(? %l ﬁulBﬁ&ft“ into a

nonochro o Jsin IS use 0oCUS e co mat ed beam
into a slit of 'the nDnochronator The nonochro or es a

sel ectHEPREr 02 FYHIAS PoCangNh &by 105 e &pegpf@% qu %S@ EPt i oned to
detect the optical beam passed by the exit slit. A data acquisition unit
216 canampleythedabssan be fréanghlar-skaped tabg it grsspasitoncdiat severFhlecations eloagshat i on
stage transl ates the substrate 202 to a different area of the optical |ayer
or t o cdgdof thesestraeptlihcabbdiewd eeriandOtche be tdrencied sumerantypes of mpeabbd. For
exanpl e, the optical devices can be spaced 2 nmapart and the X- WO

2011/ @ﬁ&ﬁ&og(?%ﬂliésgﬁl AT OERceYarhitc @RIl POr SnRdEnEitmEAtd BB1hatpeesthe

substrate 202 in the horizontal and vertical directions in 2 nm st eps.

[ 0031]té:a!cﬁn it id &éﬁﬁ&ﬁl@%&ﬁw&%@%@s{r%@ lé'altré 90 BPéﬁlld{e‘?lﬁFﬂﬂhtsca%%%ra%ﬂg Qénéd;f G

photo um ne€scence I nstrunment SCri ed I n connectlon

3illustra a substra 300. uct or
wat er TR ISR QT P st@av%%fh Otﬁwgt QP ol B oBlt el Tir SRR B oy er
or |nd|V|duaI optical devices. fied view of a portion 302 of the
subst rthg wbsEwe catishbYhotk omaisrial téﬁtecéflle'?sﬂ qeget pddigopHanaienads B Iselizegach of
the pixels 304 is associated with an em ssion wavel ength in nanoneters of
an optareal Indgstiother ehbodimsniyy thedesbyble hefdrastbe sistateicarrtdnd 00 nE& matesrat  200.

[ 0032] I n anot her specific enbodi nent,the paraneter neasured is the

i nt enshdtya®bcoept inats of different materials or the same material with a different orientation or

with modified properties in localized areas.

[0028] The substrate carrier 100 has a multi-step recess 104 for supporting a substrate
102 during processing. The recess 104 has step heights 106 from the bottom of the recess 104 to
the bottom surface 102’ of the substrate 102. One aspect of the present teaching is that small
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



em ssion generated by an optical layer that is part of an optical device,
such as a light emtting diode or a sem conductor lascr. In this

enbodi mrerwQ 2a1/@m8@p di rects an optical beamto a small &ceasenonb@2sur f ace
of the substrate that may correspond to a single optical device so that the
optical beam generated by the | aser can probe the optical device as

descri bed in connection with FIG. 2. The optical beam causes the optica

device to generat ptical .. A focusi. S be used to focus
he oprecutCa g B ons ot Srarnoririsblesioreidis if e ilent eRis: ot ¢ he
intensity of the optical em ssion. A data acquisition unit can be used to
st or e ckiradiggtthiengh ihsteafis whstpssi@3.on data. [00331Thus, the result of the
measurenent is a map of the substrate 300 with paraneters of the optical

| ayer or optical device presented as a function of their correspondi ng

posi t i[RI on t hdleubsta schem3(Odiagrant dfer phototpmeacstrone inshrumbiG, 209, thgas sedf t he
pi xel s 304 includes a nunber representing the em ssion wavelength in
nanonmed éfcasurd e p2ichphnst opticdl Renissidistoeadretcd B0 adloptitdl ¢iyer Win optical device
2011/ 068660PCT/ US2010/ 056622 rel ated to their correspondi ng positions on

the syfstdarli®ncAlubbBlic 2. OPE@indrdm@RR 00 indiiiRs ﬁq@épﬁ@gthgpéén%@altesla%%ﬁcﬁr
optical device paraneters which in this exanple is em ssion wavel ength in

nanongt nt f f Fr in s, on the
cubst isen Py PR oS fhe LA ohieR s BRLCEPRALELLAERFLLENE o
some pos t|o on the strate ar then elated to .a si cal

Char actanseliiEe Sbsttie 200 B poifePaRgy P dema @fea@%alﬁﬂpecalqﬂér Rl TRglC
parameter can be an optical or an electronic performance netric and the
physi ®aticd idgyige sethasthe@ptsal bapscpmpwbe dha ¢msicakdayiagse Thhsubssiate 208dpt h of t he
substrate carrier under the |layer or device being neasured. Al so, the

meas umeshinpsalranat ¥rY camsld®nasmgophdt c@hslates #re sebecita 208 undpethk @ptrealbeamsdri ¢
and the physical characteristic of substrate carrier can be the | ocal

t her mahat gIRNGPHRhT Bahyst@kesQI¥kis&d atbdsyor@hy hiRbSUQIHI Fike SRichl &videedehist he | ayer
or device being neasured. The result Is a plurality of physical

char a%c%l 'c& al%b b%ﬂ?edstH Dbt %m‘fﬁ{o[noxgévgfe‘ﬁ%{ eéfﬂ&’ﬂ:‘? wWinQrdnP Eﬁﬁsﬁrhﬂet y of

pOSItIOI’]S e substrate carrier song € dl ment s rel ati ng

t he ter of evices fabrjc

Subst ﬁl& ﬁoﬁsﬁ%g%%ﬁ rufERled, & Rt ghe ?%SIQB%WF%P@&PF%%%%&%r [ ses
usi ng a mat hemati cal . nodel to performthe relation. For exanple

mat he#Ees Ohfherrpbrratcismappcd By sepping dicambsters yades thakeps tergtormpc 1&%@3& on
intensity to the local depth or local thermal conductivity of the wafer

car ri evafemuidrmedt¢hd peyrmancedpedit eationd befospdayides ord falricatéteorsihe wade.
tenperature of the wafer can be cal cul ated fromthernodynam c and kinetic
reaction equations by using the nmeasured em ssion wavel ength or the film
conpog0a3opn of dAhsepticdvduatcatsck ehearptionl lhyee o8 upisdal devdce tdegherhteaupsipalr t
equations can then be used to relate the wafer surface tenperature to the

dept h @fissich 4thQ chaaakriithokiRlcngBNAA ebllilatig Rins L0 iyRfsRIonedEd difdct 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



[ 00361Al so, in some enbodi nents, the relating the nmeasured paraneter of

| ayers grown WO 2011/ 068660PCT/ US2010/ 056622 or devices fabricated on the
substr at ewbaotiesghysi cal characteristic of the substraPeTABRONAEERDNPT i SES
relating enpirical data. One advantage of the present teaching is that

si mpl e 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 predetermned tepperature praofile at the_growth
S urt acereis e £t binyigs Hepurie 205iabe Rmoaiar aid Sefpa)frefions i 2

phot ol um nescence neasurenents of em ssion wavel ength can be related to the
| ocal ng@ptamsor | ocal thermal conductivity of the wafer carrier under the
deposited | ayer being nmeasured. [00371FIGS. 4A-4C illustrate an exanpl e of
a nmethod of relating nmeasurenments of em ssion wavel ength of an optical

| ayer [8031dn opt ifd&l 3 dbwsirates samplbecsolis oempandinnytsganstatcaltbey tharri er st ep

hei ght according to the present teaching. The nethod includes a first step
of maphbturhiiescehdisihstaiment20 deptibedin @ih&SioarviteNiel endia. datatrass a
finction of position of the optical device. The optical em ssion wavel ength

data gaphe ﬁﬁ)}] @sjllzl:ft%.qn\gfiﬂg Bxdifle R*Lf&&h%ﬂdﬂ%? RS tﬂa!lg N diviea intd BBl thad i n

connection wt . The results are shown in as a map 402 of
th i . t . . i . Siti . th
depositerisgiey? il EuTae 8y it Ao FROBASR ALY 4 Reblief SN M wBlod

wavel t whjch is al sp the average wavel ength, is equal tg 461 n

[ 0038?% of e byt 3%@8@%% fp IR Shearbrt RvtEs D@t Hod Akl tegticels 304
wavel ength is then determ ned. The results arc showmn in FIG 4B as a nap
404 ofis asseciaiap stthanenypsion waydencshingppemetegt of aeaptigeli dswicd dhad ippreBehbyed as a
function of position on the substrate. If the em ssion wavel ength devi ation
dat a itke eeEdican it Henngrnmed20@r m ned val ue, the step hei ght or other

physi cal characteristic of the substrate carrier is nodified to reduce the
em ssi on wavel ength devi ation. For exanple, in sone processes it is

desi r 3p#32]t 0 havug ahhrBerypeEsit embvaivehe g fargavicamcurdies kiesiatchkignoiptiegual

to 2 nm WO 2011/ 068660PCT/ US2010/ 056622
emission generated by an optical layer that is part of an optical device, such as a light emitting
diode or a semiconductor laser. In this embodiment, a laser directs an optical beam to a small
arca on the surface of the substrate that may correspond to a single optical device so that the
optical beam generated by the laser can probe the optical device as described in connection with
FIG. 2. The optical beam causes the optical device to generate optical emission. A focusing lens
can be used to focus the optical emission. A detector or detector array is used to detect the

intensity of the optical emission. A data acquisition unit can be used to store 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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[ 00391The em ssion wavel ength difference fromthe desired em ssion

wavel ength is then related to a change in substrate carrier step height. In
t he exanpwe 28tinesq60t he em ssi on wavel ength di fference pecTamseelogdsatance is
0 16 nmc.tmfor a substrate carrier that is about 16 nmthick. In other
words, for every desired 0.16 nm change in wavel ength, the substrate
carrier step height nust be changed by one mcron. That is, the substrate
carrier, step height is then either increased or decreased, relative to a
{1 xed THECREY BIFTTGRIeRETHEREDOS TIQRER et PTa Feiertp EBTLRIGP of fls TBeiedd
wavel engt h change that will change the em ssion wavel engths to the desired
eni ssiopHcadapsr eneptival davécernasametersaybich pothis ¢xgplads codssien wavehinfoie
representing the wavel ength devi ation-to-carrier step height conversion in
m cr omsnpométehpricsentket asranfunetcbnf ofaleit berepossnoposwens loenlyt subdirdte eareiace per
unit di stance conversion. [00401lln other enbodi nents, the em ssion

wavel ength values arc related directly to an absol ute thickness val ue of
the pqoo34n of tihe m@beed pararictdis 6LdEpOsitddrgydriier spalctpositibas omtheagbaratd he
substrate. In these enbodi nents, the substrate is also mapped with optical

em sSi,aNMRYELEN Y NpilRt@l afratdHRE b Al BbstRASELHAD Ok ckfifpIORhE GRhsdr@yer or
the optical device and the result is the map 402 of the substrate wth

wavel en r ndj cul r_qor, devi it he
e ssiT B e EE AR PP REMT Het By bl e i B R ER bRl ar of
the substrate carrier supporting the substrate. The ahsol ute thickness of
the sdBSYL@rdshann Of thedOpH SRPEIAS Hosr suPeie suEar W}Jgﬂg‘éﬁ@é?é@ﬂgﬂvéiﬁe?f‘d‘i‘%}g on
the direction of the desired wavel ength change. [0041] The physical

char acnessirsd &lsof thepecasuiigd ppesmetas gaR bepn pigeal or athdpetipne] peirgmatlcedn@m@r nor e
of the plurality of corresponding positions on the substrate carrier 100 to
obt ai anddsi phedicplarhareteeistic aSsubstiate carrioncanfbepbs Idchlotherom] choedustibisy oat e

carrier 100. If the physical characteristic is the substrate carrier step

hei ghtemiéshaty drBh&ibRIratt Sa@ict Beder Addagkrtdd devict BERY afbaduredn TieresWbRtar at e
carrier 100. Material can be added to the substrate carrier by nunerous

means piiH o AL ERIAARGROBPHE REMOLAR AR GXARRTAL b Hlura DL €71 1O,

pl atting, ortions o trate carrier so t hat

material..is deﬁpsi%%dtin only certain areas of the substrate carrier.
[ 0042PRETEPT Yt NEIHOPEGEHEVed from the substrate carrier 100 in any one of
NUMer ous

[0035] In some embodiments, the relating the measured parameter of layers grown or
devices fabricated on the substrate to the physical characteristic of the substrate carrier comprises
using a mathematical model to perform the relation. For example, a mathematical model can be
used to relate emission wavelength or emission intensity to the local depth or local thermal
conductivity of the wafer carrier under the layer or device. More specifically, 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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ways. For exanple, there are nunerous nethods of machining |ocalized areas
in the recess 104 of the substrate carrier 100. The substrate carrier can
be machi €0 20ittdes@ont i nuous contours or can be nachi nedPpCh/UsSewialoseserl ar eas
by pecking with a specialized cutting tool. For exanple, a snmall dianeter

di anond cutting tool can be used. Cutting tools that operate at high
speeds, such as cutting tools that use air turbine spindles can provide the

rel atively hi .accura eeded for machining small _.pixels. [0043]FIG 5
Chows o4 3515 HRaER Rt s 586 %0e 1 wibert deBSis or bRt @BHE with the
rel ative substrate carrier step height for achieving a desired tenperature
at t heogaogstelsting gapirspl dedehOng admtalgayéthemresa@wﬁnwléé@t simnplee

substrate. FIG 5 shows an expanded view of one arca of the nap 502 that

i ndi cakpsimentbeansbd perfoambd Gf olitdie epipxedas dath itlcih coobe esd om dettamipatitel shapaot

| ayer areas or devices fabricated on a substrate positioned above the

pi Xel thl§idseub shriiaf atRkiiltsth cith&id Wfodittemperbfiedond prog@éteinliféCRER-raBire
decreased depending on the direction of the paranmeter change. For exanpl e,

in on QPRI R wih!, uBLRuC A § RhmPlPxfMBiilAtal bista @D €1 t her

incre égﬂpor ggbreageﬁh ependi ng on the g@é?ré% wavglenagﬁ)change necessary
to achjeve the desired em ssi wavel ength. .In this | e, ch,of the
subst oL EFRpERE R S iR E R et S R Rt tor f 2P as 1o
be renoved in each of the pixe]l areas. In various, enbodinents, the

subst rl‘é‘{agthé’élfiﬂ’f‘li endyctiyity @? Hesr YRl ey wdsk thﬁgﬁmtaql lay i Beinge@adsufss be removed
to achieve a desired tenperature at the gromh surface of each of the

pi xel s. The anount of material to be removed is proportional to the nunber
in thd00Ber ar &G 4aeh ilastratonm oognplo 686 8GOt/ atiny ms@ermdnoof411 n
various nethods according to the present teaching, a conputer controlled
pecki renissivch watdlengénofem apsied lbyer oe amvpticli bsticatoahe esrrdspondimg edatrata sone or

all of the pixels. FIG 5 also shows an end mill grinding pattern 504 that
can beamredch BelgBMM¢ErdiR ®th@prckéht RACAIng UITAE nthod ifeludes@NGsPREKOMI machi ne
tool can be used to nove an end m Il in the grinding pattern 504 shown in

FI G i I L : d mll

Fi i SREATPRETE MRl 380 Ronk s Pork R W SR 3 ST oFPESHOTE BP0 0 ¢ hen
noved t ot her pixel. The mlli i rformed serially until the depth
of a1 ooBr et TR Ffieabambaoh met Epe BiieeS bESHITEU MRS e t enper ature
at the growh surface of a substrate positioned over the substrate carrier.
[ 0045PhAtobipiBescrp¢BsfEument dsgeriged By gp@pcetipnevigs Flo dp (ke reids ercotho®d ivi | | i ng
machine is used to nodify the surface of the substrate carrier to forma
cont i flGu4A @o atnaapr42idthqyubytirate svithheavidlengthatita @mpspetdingstodhe pdritiqgrdithh
surface of a substrate positioned over the substrate carrier. Nunerous

ot her depédited tayenbeibg mdsqded. dnabidtpatticulahex&ult abe dafirct hevslehgthy whehéar ri er .
Some of these nethods use conputer controlled tools for perform ng | aser

ablatQg@¢h@y@§%¥9§&@k%gﬂgggﬁﬁgqgg6lghLmater jet machining in predeterm ned
pi xel s. [00461C her nethods conbi ne non-sel ective material renoval neans,

such as chem ca
[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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or dry etching, with one or nore masking steps that deposit at |east one
material that is resistant to the renoval neans in certain predeterm ned
areas. | rweana/medchods, the substrate carrier can be nagkEdser1opaset al |y
masked with a material that causes non-uniformetching of the substrate
carrier to create a continuous contour having a predeterm ned shape that
provides the desired tenperatures at the growh surface of the substrates.
I n ot t hod an .erodi bl e variable thi ckness.mgski.ng material that is
oo st0TE o ' nd e S v eLo Bisder o BE AR Srint S Gl o T ¢ e
substrate carrier. In these nethods, areas with relatively thin erodible
maski mejated e pichanggiin pubsiplecpeice stepdeighbt larhaerantde shovar shagnipsiem cker

erodi ble material and, therefore, nore carrier surface material wll be

r enov echvtleogthtdiffsren@r easinit [d30AE4 [sr). Sonm/ure féradsibstrdte cphysthetils about 16 mm
characteristic is the thermal conductivity of the substrate carrier and the

t her mahick OndstEEd Wordy, foSeven@agadd ion 6l e shanpe o ABsclefgth,Re Subtgitt dbicEsdp For
exanple, in certain |ocalized regions, material can be inserted into the

| ocal iz edl: heg Maﬁ%&'s%ﬂ%gn%ﬁ onl. €S is,sma%u@sftra{é@rﬁ&tg&y@ﬁgfm fahtd Singrat eri al

in those regions. | thods, a portion of the substtate carrier is

renmoved in | ocal i zed reqgion and is..replaced with terial havin

G 1 1 endsieoopfiet (R bR RO R A ekl Bp T L TG orPloe S v
conductivity can be a different terial or it can be the sane material,

but pdls ¢ssuRGHNFlEREtE chrmer dhad miill Ghangsdhi srasion Rfavelspgtht todthe defilgef spysion
thermal conductivity. In other nmethods, the thermal conductivity is changed
i n | ooedveleagthr ddie sersilthyrepboworimt Hg 46atses inap 496 tpesssitmg the wanelengibal regi on
For exanple, the localized region can be irradiated with an ion beamt hat
changelsviatien-tdredrived steomdgiatconvdryion mommioranse nhsch[i0 AéiBinvthed &ofntle amiNsionant ' s
teaching are described in conjunction with various enbodi nents, it is not

i nt endefelchgth dift&cARRMdr e istankeaghicRgoPe |imted to such enbodi nents. On
the contrary, the applicant's teaching enconpass various alternatives,

nodi fications, and equivalents, as will be appreciated by those of skill in

e i <P TG AR AT U BB A0 LSRR

absolute thickness value of the portion of the wafer carrier supporting the particular areas 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 decreased 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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What is clainmed is: 1. A nethod of nodifying a substrate carrier to inprove
process performance, the nethod conprising: a. depositing at |east one

| ayer on woO=0h#es@be supported by a substrate carrier; POT/USR@SO6G6RY a
paraneter of the at |east one |ayer as a function of its correspondi ng
position on the substrate carrier; c. relating the neasured paraneter
corresponding to at |east sone of the plurality of positions on the

substrate carrier, t.o a physic haracteristic of substrate carrier to
bt ai TP G TR S i Padtar P clbdr Ha rsab e TR bt e
corresponding to a plurality of positions on the substrate carrier; and d.
nodi f yiaterial hedgpryisdddaonbesrtait wedsefithe pbsttHecytiBst rate carrier at one or
nore of the plurality of corresponding positions on the substrate carrier

to obtain desired paraneters of the at | east one deposited | ayer as a
f unct i[60¢2] 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 each of the layer or device areas on the substrate. FIG. 5 shows an expanded view of one area
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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150f position on the substrate carrier. The nethod of claim1
wherein the substrate carrier is forned of at |east one of graphite, SiC,
nmetal , arwoceriassesomat eri al . 3. The nethod of claim1l whecgius2esesaebst rat e
is formed of at | east one of a sem conductor, netal, and an insul ator
material. WO 2011/ 068660PCT/ US2010/ 056622 | east one | ayer deposited on the
substrate to the physical characteristic of the substrate carrier conprises
usi ng

t hemat i cal. node] . 5. The thod of cl.aim1l wherein t rel ating

the mdlfeq” pathieiiun Tohodca e TS i B UOrTOG GNEHIs bst 1 at o
to the physical characteristic of the substrate 5 carrier conprises
r el at ipggkigrpid melhrandla eped tesrempys systigtsocapicranaeinl in siee e 41l effac phylsi cal
characteristic of the substrate carrier conprises a |local depth of the
subst FaGeS elao shews arvdiemitegrialingpatetad i thatvdaerbeiused toereploys matdrial in
characteristic of the substrate

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,
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carrier conprises a local thermal conductivity of the substrate carrier. 10
8. The nethod of claim1l wherein the physical characteristic of the

substr at ewoanri/wsesoonpri ses a | ocal em ssivity of the s®oFtusatie/ ns@ezi er.

9. The nethod of claim1 wherein the physical characteristic of the
substrate carrier conprises a |ocal nechanical property of the substrate
carrier. 10. The method of claim 1l wherein the paraneter conprises a
performnce 15 tric. ailn The met haod of claim 1l wherein the paraneter is
B optTUACAAT e s WU BE et RGeSy EFateposi t ed on the Substrate.
12. The method of claim 1l wherein the paraneter is an electrical paraneter
of the at |east one | ayer deﬁosited on the substrate. WD o

2011/ 08&EdoPCT/ Ussemersgwes.ahe physicphehareateibdic of the tharimrhcapdestaiity af e
paranmeter is an electro-optic paraneter of the at |east one | ayer deposited
on t heubyihst saatier.and the thermal conductivity is changed in local regions of the substrate carrier.

For example, in certain localized regions, material can be inserted into the localized regions
replacing at least some of the substrate carrier 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 exhibits 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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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 suwepat@s@ocarri er conprises relating enm ssion wavaisengobéooi t he at
| east one layer in particular |ocations to a corresponding | ocal depth of
the substrate carrier. 15. The nethod of claim1l wherein the nodifying the
physi cal characteristic of the substrate carrier as a function of position
conprises renoving material fromthe substrate carrier in at |east one of

t he pl ur al What fcldored éspondi ng positions on the substrate 10carrier. 16.
The met hod of claim 15 wherein the material is renoved fromthe substrate
carrier in at |east one of the corresponding positions on the substrate

carrier byjat |easf nRERJIVF RERIHY Neibstras hrridPlodbhipedhe frb&IE paforatagbd, ng, and
el ectrostatic di scharge. 7. The nethod of claim1l wherein the

nmodi fyi ng fhe, Rhyei -characteristic of 15 the substrate carrier conprise
addi ng naterié# to‘%ﬁ%ﬂﬁﬂ%strate carrier. 18. The nethod of claiml

wherein the nodi fying the physical characteristic of the substrate carrier

conprise changing thermal. conductivity in_ alocal reqi of the substrate
cartier . 197ha nethogtririaal i mibbe b« PR B vt bR Gref ST
changed in the 20 local region by inserting a material into the | ocal

regi on. . . .
g 5 b. measuring a parameter of the at least one layer 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 carrier to a physical characteristic of
substrate carrier to obtain a plurality of physical characteristics of the

10 substrate carrier corresponding to a plurality of positions on the substrate

carrier; and

d. modifying the physical characteristic of the substrate carrier at one or
more of the plurality of corresponding positions on the substrate carrier to
obtain desired parameters of the at least one deposited layer as a function

15 of position on the substrate carrier.

2. The method of claim 1 wherein the substrate carrier is 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.

20 4. The method of claim 1 wherein the relating the measured parameter of the at



WD 2011/ 068660PCT/ US2010/ 056622 20. The nethod of claim 18 wherein the
thermal conductivity is changed in the local region by performng materi al
processi ngoabitdsgssbocal regi on. 21. The nethod of cl aiPeTSesieN66602 t he
nodi fyi ng the physical characteristic of the substrate carrier conprise
changing the emssivity in a local region of the substrate 5carrier. 22.
The nmethod of claim 1l wherein the nodifying the physical characteristic of
the substrate carrier conprises changing a | ocal mechanical property in a
| ocal regi ast@hetldier defasitédbdretheanbst@te to the physical charactedistiebhthd shioytrangr ov ng
a performance netric of a substrate carrier,he 10 nethod conprising: a.

fabricati ngafcsiRgdrisal Bsif@h Mablen{aPitalSHRREr ti ng substrates for materi al
processi ng, wherein the substrate carrier has a physical characteristic as

a function of position; b. depositing at |east one |ayer on a substrate

supported by a s ubﬁ{eﬁﬁ‘étgo&@f’ Qhigf i w:héfeii]n fﬁ@‘}%%ﬂé}?\g %&%rE?BMQQr g.ie#hre:a"[ESOf

the at | east one |ayer deposited on the substr as a nction o
correspondjn ositigns on,the s trate carrier:; d. rel.atj t nmeasur ed
por 1 or hancls P Tt ok e b g Ty toRaE B el Ficrd BB AR 05lE

5 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

carrier comprises a local thermal conductivity of the substrate carrier.

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

carrier comprises a local emissivity of the substrate carrier.

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
15  metric.
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

at least one layer deposited on the substrate.



positions on the substrate carrier to the physical characteristic of the
20substrate carrier to obtain a plurality of physical characteristics of
the WO 200200688@0PCT/ US2010/ 056622 substrate carrier ®CTMS@ofskionr to a
plurality of positions on the substrate carrier; and e. nodifying the
physi cal characteristic of the substrate carrier at one or nore of the
plurality of corresponding positions on the substrate carrier o 5obtain
desired performance nmetrics of the deposited at |east one |ayer as a
function of3.positiThe methdéhef duibst nateicahe pheinctét4s dihelcomrd-bpit mirarattad off 23
wherein the fabricated substrate carrier has a predeterm ned depth contour.

the at least one layer deposited on the substrate.

14. The method of claim 1 wherein the relating the measured parameter

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

locations to a corresponding local depth of the substrate carrier.

15. The method of claim 1 wherein the modifying 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 substrate

10  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.

17. The method of claim 1 wherein the modifying the physical characteristic of

15 the substrate carrier comprise adding material to the substrate carrier.

18. The method of claim 1 wherein the modifying the physical characteristic of
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

20 local region by inserting a material into the local region.



The met hod of claim 23 wherein the fabricated substrate carrier has a 10
predeterm ned thermal contour. 26. A nethod of nodifying a substrate carrier
to i nproweoppoaesaoper f or mance, the nmethod conprising: PCT/US2@0/08@pDSi ti ng
at | east one layer on a substrate supported by a substrate carrier;

b. neasuring a tenperature dependent process paraneter of the at |east one
15| ayer deposited on the substrate as a function of its correspondi ng
position on the substrate carrier; c. relating the neasured paraneter of
the at | ea30. one |Eyencthebof daietl ehcicheths teshaldoadiaivatydegidnged intthe
substrate carrier to obtain a plurality of depths of the substrate carrier

cor r espondjRg tBiof bRlpeFBthihY ndlterR®@$idce Qi AMhd 1Ba120sHRstrate carrier; and
vxo2011/068660P%?/u@fglo/olsgezze P e 288

21. The method of claim 1 wherein the modifying the physical characteristic of
the substrate carrier comprise changing the emissivity in a local region of the substrate

5  carrier.

22. The method of claim 1 wherein the modifying the physical characteristic of
the substrate carrier comprises changing a local mechanical property in a local region of

the substrate carrier.

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

10 method comprising:

a. fabricating a substrate carrier for supporting substrates for material
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

carricr;

d. relating the measured performance metric corresponding to at least some
positions on the substrate carrier to the physical characteristic of the

20 substrate carrier to obtain a plurality of physical characteristics of the



d. nodifying the depth of the substrate carrier at one or nore of the
plurality of corresponding positions on the substrate carrier to obtain
desi red papanatwsaoof the deposited at | east one | ayer a&sTtastamosion of the
correspondi ng position on the substrate carrier. 5 27. The nethod of claim
26 wherein the depositing the at | east one |ayer conprises fabricating a
mul tiple quantum wel |l structure by vapor phase cpitaxy. 28. The nethod of
claim 26 wherein the paraneter conprises optical intensity. 29. The nethod
of claim 26 wherein tltstrp@rcanier esrrepoiding &sa piptalie@bf gositisk on thesudbteagt h. 10
30. The met hod of claim26 wherein the paranmeter conprises an dectdcal
paranmeter. 31. The ggtikodn®f claim 26 wherein the paranmeter conprises an
el ectro-optic paraneter. 32. The nethod of claim 26 wherein the rel ating
the neasured paraneter of the at 15 |east one |ayer deposited on the

substrate to the q§ph%gﬁ§?%m%wggg hf@%ﬁw(g§%$§gmggmwgd%%§ hﬁ?n@br

mat hemat i cal nodel wherein t ating the
nmeasur ed paraneter of the 05|ted he substrate to
The dept n of the sublPrert abFREY of S Publng SREGR iR Euf YiseL

5 obtain desired performance metrics of the deposited at least one layer as a

function of position on the substrate carrier.

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

predetermined depth contour.

25. The method of claim 23 wherein the fabricated substrate carrier has a

10  predetermined thermal contour.

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;

b. measuring a temperature dependent process parameter of the at least one
15 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
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

20 substrate carrier; and



WO 2011/ 068660PCT/ US2010/ 056622 carrier as a function of position to obtain
desired paraneters of the deposited at |east one |ayer conprise renoving
mat eri al woemitdegsésubstrate carrier in | ocalized areas. P8F/URh@omedtsdDd Of
claim 34 wherein the material is renoved in discrete |ocalized areas. 5

36. The met hod of claim 34 wherein the material is renoved to forma

conti nuous contour. 37.The nethod of claim26 wherein the nodifying the
dept hs of the substrate carrier as a function of position to obtain desired
paraneters of the depodifyiagd tied ddpetast tho sebstrayeaiarrixd AponsSe rackdiofiherpinatityal t o
the substrate carrier in localized areas. 10

of corresponding positions on the substrate carrier to obtain desired
parameters of the deposited at least one layer as a function of the

corresponding position on the substrate carrier.

5 27 The method of claim 26 wherein the depositing the at least one layer

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
wavelength.

10 30. The method of claim 26 wherein the parameter comprises an electrical
parameter.
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

15 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 comprises

relating empirical data.

20 34. The method of claim 26 wherein the modifying the depths of the substrate
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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.

35. The method of claim 34 wherein the material is removed in discrete localized
areas.

36. The method of claim 34 wherein the material is removed to form a continuous
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.



