Method for Improving Performance of a Substrate Carrier

[0001] This application is a continuation of U.S. Patent application Ser. No.
12/629,467, entitled “Method for Improving Performance of a Substrate Carrier” filed
on Dec. 2, 2009. This application is herein incorporated by reference.

The section headings used herein are for organizational purposes only and should not
to be construed as limiting the subject matter described in the present application in any

way.
Introduction

[0002] Many material processing systems include substrate carriers for supporting
and sometimes transporting substrates during processing. 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 I11-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.



[0004]Alternative names for MOVPE used in the art include organometallic vapor phase epitaxy
(OMVPE), metalorganic chemical vapor deposition (MOCVD), and organometallic chemical vapor
deposition (OMCVD). In these processes, the gases are reacted with one another at the growth surface of
a substrate, such as a sapphire, Si, GaAs, InP, InAs or GaP substrate, to form a Ill-V compound of the
general formula InxGayAlzNAAsBricSbn, where X+Y+Z equals approximately one, and A+B+C+D equals
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vapor phase cpitaxy (HVPE) process, Group 1l nitrides (e.g., GaN, AIN) are formed by reacting hot
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generated by passing hot HCI gas over the hot Group Ill metals. One feature of HYPE is that it can have

a very high grevahirave;oupsantOsr gin dgeaetapforian sinestateNQAtiP-Sthproresses Anmeajhss feature of
HYPE is that it can be used to deposit relatively high quality films because films are grown in a carbon
free envirormmeokandcheoausediie-BoCHIC tqgals mrpvitiesizlgelicleahiacheffeGtY[0D06]H thesd processes,
the substrate is maintained at an elevated temperature within a reaction chamber. The precursor gases
are typicallyPheBtelr Rt f98 reeapild og as B VAR E e Qprsicoi tbe e sttt ¢e hsddnertlchamber. Typically, the
gases are at a relatively low temperature when they are introduced into the reaction chamber. As the
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Formation of the epﬁagj% layer ccurmo(éfi al pyrolysis of the constituent chemicals at the substrate
surface. Crﬁgfg?soé? for ee%%% "eH. {'fétaction on the surface of the substrate and not by physical
deposition processes. Consequently, VPE is a desirable growth technique for thermodynamically

metastable . CueOti R IS ARIIRAYLSRA [ manyiarb G Asessiadss. folaEes)s. and light

emitting diodes (LEDs). Brief Description of the Drawings
growing various layers of semiconductor materials on a substrate using a hydride or a halide

precursor gas process. In onc halide vapor phase cpitaxy (HVPE) process, Group 111 nitrides
(c.g., GaN, AIN) are formed by reacting hot gasecous metal chlorides (e.g., GaCl or AICI) with
ammonia gas (NHz). 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 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



[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 |imit the scopg EErthe I|c ts teaching in an i['>00 811( ﬁA illustrates a side-view of
2 substrate B4 AT FABRARR B aﬁ?élat%%%ﬁal A e R e
illustrates a %Vd%w of sub§trat carrleJlthat s fa r&g:ea%%lsgarltreno%fle ordlnp A th(ta (Present teaching.
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[0010]FIG. 2'Is a schematic diagram nofa photoluminescence Ins rumenlytﬁ is Used to measure the

wavelength af oplical GHRISSIRAAEIPRIEY BRI RHGAHAYEI PG AGYIGR AN HEN G oAy llustrates results of

measurements generated by thé photoluminescence
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.



instrument described in connection with FIG. 1. [0012]FIGS. 4A-4C illustrate an example of a method of
relating measurements of emission wavelength of an optical layer or device to the corresponding
substrate carrier step height 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
temperature at the growth surface of each of the layer or device areas on the substrate. Description of

Various Empodiments 100141Reference in the specification to "one empodiment or an embodiment”
means that Q%Jléllticular f%?i% re’ 'ﬁé&ﬁﬂsér,aberaéh%ﬁ’ IS iﬁﬂ%@gﬁlﬁ’f CRTOSTRSHESTRAR the embodiment

is included in at lerallst ong embaqdiment ecﬂflthe tea&hing.t(;l'{fle %)rpearancesl%f ttpa ephrase "in one

embodimen?n]fﬁs{/oari"ovﬂ%ep%gg in th tlscpec?l}’icra?lror?\g?e Not Necess gﬁﬂ}nﬁlsre errlngc;aflc;l %Sete ame

embOdimenﬁeight 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 temperature at the growth surface of

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 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



[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 thereof as shown

in the accompanying drawings. While the present teachings are described in copjunction with various
embodiment AHES REFBIR 1t S HECHGEAUEE e TSRS ERE SHEISGE o8 NSRS SSmbodiments.

On the con ary thelpreﬁentt teachings encompass,various alternatives, maodifications and equivalents,
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teaching he&ﬁﬂ‘r&%‘g&ﬁ%@%ﬂﬁﬁ)&ﬁ%@Qﬁ%ﬁ&ﬁ@@%ﬁﬁ%ﬁoﬂé%{ﬁ%ﬂ&'&ﬁn&% GPAAInGALS. as well as

other fields of use, which arc within the scope of the present disclosure as described herein. [0017]The
present teagRingdelates ixmethoms einnaustastuing QEmadilsng.subRi@s.aaigrs in material
processing systems to improve process performance. Although some aspects of the present teaching are
described in connection with improving the performance of substrate carriers for VPE systems, one skilled
in the art wilbpfreciate THatritvecnt éthduieeaf kies pranethedswé mion featn e applisdiymanybypsécof
processing system that includes a substrate carrier. Also, although some aspects of the present invention
are describ&efitFiedh A WREFHRESYRTGHNE JRAEPYT DigGes NARFSsEd foPREISORSEPECEP other
optical devices, one skilled in the art will appreciate that the methaods of thﬁ%gresent invention can be

applied to a4y sL A e U AR BT Ry 255 Y ) S BB BER AT S i RALAIMEREGPE AP SBRLG tro-optic, or
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invention can be applied to any type of processing system that includes a substrate carrier. Also,
although some aspects of the present invention are described in connection with improving the
yield of optical layers used for LEDs, lasers, or other optical devices, one skilled in the art will
appreciate that the methods of the present invention can be applied to any type of layer and

device including any type of optical, electrical, electronic, electro-optic, or acoustic device.

[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.



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 ¢ Er,ier that are ongggjf%r of 50-100 microns. A convection modgl of heaﬁ transfer
assumes that AIMeES!:  Aferet 6 udli BgH U RS E SAL SR IS g Ha g WET s Eurate for many

VPE processing svsierns, & Lbrid conduction convectionmofish asumes that heal tanafer occurs

n 1C or ¢xa C
through botlsﬂl conduction and convention. This mo eel IS more accur orﬁarger su%strpa?te’s where there

can be large gapsiPERNRSR NS SHOSHALE W Ig. SUPSHAECRIFELLIIAD SRNIRG QI {:300-500

microns. For example, eight inch substrates can have relatively large gaps between the substrate and the
substrate caghielinatresHii.alanbicantamanatsaidasth.cnekditR A CemeRtiQnhgatitansfer. A
radiation model of heat transfer assumes that heat transfer occurs through radiation. This model is
accurate fonsae pieaessstthaluiss opante subsiralesrstlebugs silitobsubsiatede1[8019]The
temperature of the growth surface of the substrate is also affected by numerous other non-uniformities in
the materiabproréstingpsysperncskortbaxampieadne samtpecatswehaf thecgnowbhtstrsace of substrate is
affected by non-uniformities in the process gas flow over the substrate, edge effects near the walls of the
process chamber,and numerous other defects and asymmetries in the processing system. [0020]In
addition, thé¥¥khberaturd &t W@Fﬁ%"ﬁﬁ%@@%ﬁﬁ‘géﬁﬁgfr‘&&s}?ﬁff‘éﬂéali%ﬂﬁﬁ‘? ﬂﬁepse of the substrate

itself In particular, substrates are. usuall .na}&ggglg@% round. nggltr%ters }t(\é i§gll¥hinclude an orientation
SI €

flat and the)I/ugf}s%btuesno o] %I\I/nghanwnglr% Hlurlng prorclze r?ﬁ?sﬂges%?wape of the Substrate can change during

processing. SHOSIAIE ARt i&&%hds%‘(@&%9&6%&%&%‘tzﬁfe?%ﬁB%Hﬁ%ﬂl%%ﬂi&%ﬁ%&%&ﬁ"gﬁs unclamped

substrate from the median surface reference plane established by three points equally spaced on a circle
with a diamglgy beiptasapasitied gnountdessthaniie sominbdameiphef the siRsiRlcdde bow, warp
is a measurement of the differences between the maximum and minimum distances of the median
surface of adffeersunglapedisdbsinatepfieasmpafpience 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. [0021]Many
material prd8838ks requiteadéijonidhoyisnisasunecd dhasatititesinfice phdsstpstise sxaffaghs tvis highly
desirable to achieve a high roces,sa)‘ield of LED and semiconductor laser devices for these devices to be

competitive i thaPmaldry U b A HEEar MarEGu 3 SHENHRISS ARl bR FRGUISIEl itBKdve the yield of

VPE processes to manufacture LED and semicq duc(t][o laser devices. For many LED and semiconductor
laser applicRHETE. o R RHRAI 16 A T Hoa b B SR BR AAI A  Fkmomcters that i
stable over

processing. The shape of 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.



time Devices with emission wavelengths outside of a certain narrow predetermined range are discarded
or sold at a discounted price reducing the target process yield. [0022]The emission wavelength of these
devices depends strongly on the growth temperature and on the solid phase composition of at least some
of the semiconductor layers. In particular, growing multiple quantum well structures with the desired
emission wavelength and optical properties requires precise control over the temperature, layer thickness,

and compositign at the growth surface of the substrate. Therefore, the growth temperature must be
precisely cjr%fh%Wed to achfeveaHiF rﬂr?r‘igst%%e{F%?gE)@?fl}éBlg{?éfeﬂﬁ%tg GO PRSIV SIHARe of substrate in

order to achieve, a high process yield. Even if t emperature.is completely,uni over the substrate,
rera sl o L B S e oo

compositiong} AifeAERGE RN IRE ACRRSION oA BELMMRIRIAIS: hiSRRMAIMEeSdesifable to

intentionally induce a temperature non-uniformity to compensate for gas phase and other non-uniformity.

In many instpeeseit-isndgaikRbleiiandsa DRI ehasiagenYPRRUaRIe SIDeRIRealiGRs phase
composition cannot be easily manipulated. [0023]Therefore, one aspect of the present teaching is a

method of manuiadtsitigoatwodibuagisubsirater earfiiel id matenad@iacessingsyplarmnsosiahisas VPE
systems, to modify temperature uniformity over the substrate being supported by the substrate carrier. In
various embodientsbikilte presentitesoming wengghmpehaturéewmiioomitiesambs saploved or intentionally
reduced in order to improve the process performance. [0024[Substrate bow and warp arc functions of the
substrate telififferBRyiechBraaivieth oas Bfngidprassisenetitag, hecsubsaieeaiiereasticated or
modified to match the curvature of the surface of the substrate so that the substrate has a more uniform

temperaturéafarls 4o aladiser U stREFTEHSHS THcUEBIRFAtESEiIfEr is fabricated or modified to
provide a predetermined temperature profile over the substrate being supported by the substrate carrier.

[0025]it s difjyaylf in many, cARESIHAGAUAIEI SPRARURARY GeRtRal BRAERBR AR O

temperature and on the solid phase composition of at least some of the semiconductor layers. In
particular, growing multiple quantum well structures with the desired emission wavelength and
optical propertics requires precise control over the temperature, layer thickness, and composition
at the growth surface of the substrate. Therefore, the growth temperature must be precisely
controlled to achieve uniform material properties over the entire growth surface of substrate in
order to achiceve a high process yicld. Even if the temperature is completely uniform over the
substrate, there still could be significant variations in the emission wavelength due to gas phase
depletion or compositional differences within the deposition chamber. Therefore, it is sometimes
desirable to intentionally induce a temperaturc 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



substrates being processed and/or local gas phase composition in the process chamber in order to obtain
information necessary to fabricate or modify the substrate carrier to compensate for non-uniformities on
the surface of the substrate and to compensate for other non-uniformities in the processing system.
Temperature measurement is especially difficult when the substrates are optically transparent. One
method of modifying a substrate carrier to improve processing performance according to the present
teaching inclug)e .post growth measurement or analysis of the substrate or devices fabricated on the
substrate. THE R é‘%ﬁiﬁﬁoﬁpﬁ%?fﬁﬁ%éﬁwg}% fh‘étﬁ’?&%%ﬁ‘}@ﬁ EREEARYSEIRINER Used to modify the
substrate Cz_ilrli{ie%r{igrqa flge ﬂ(czea(iel:na}) n e\{vtglflbs}r%%e cear;gacre Witféé}g)r(raé:aiggations that compensate for
non-uniform process parameters associated Wittﬁ the subdira e, 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 teaghyng) one orgnRieRIAMBIES8f de\igreidabocaies partihersubatiaie.are dhap measured as a
function of their corresponding positions on the substrate carrier. The parameters can be any type of
parameter incithdibgy ot petdimitechiogapticabparameterss élbdtrical ganadifitdrs, matebebtro-optic
parameters. For example, the parameters can be performance metrics of an electrical or an optical
device. In onespecifit thersvodimenthdivebpirtirne thrtriiheasbstreridithe werzalergth shasticgalemission
generated by an optical device, such as a light emitting diode or a semiconductor laser. [0027]FIG. IA
illustrates atgﬁﬁﬁ\ﬂ@b\ﬁblff%%@sﬂt&f‘é Bathrss 1o trRntid s spritate debripatsdinepetiEsddmpresifse present
teaching. The substrate carrier 100 is designed to support substrates 102 during processing with tabs
103. NumeRJGSHF RS SF CIRRCEAH BRI VRO ERUNIE bAE ¢HBROAI DRV Sy RIEPSIFAIES tabs that are
positioned at several locations along the edge of the substrate. The substrate carrier 100 can be formed

of numerougypsaes of maiqLialfs SHCH ARG NG, RiCriReJFh AN CHRBIG TR0 fRISUDE

embodiments of the present teaching, it is desirable to form the substrate carrier 100 of a material that
can be easilypnaghined inplecalized e el i aarRd etarpoliesh R M YroddsotherBmbodimerss, it is
desirable to form the substrate carrier 100 of a material that can easily accept additional materials in
localized ares@idinj@heiier erhedine isidats clasvdifialio Jaisndle aubstoatengatiietc f0Onoha material
that can accept inserts of different materials or the same material with a different orientation or with
modified propdntimsties lwttilizedfareasthi0O28iResdistateaantiefol 0thdrapaumiitirsie reckss 104 for
supporting a substrate 102 during processing. The recess 104 has step heights 106 from the bottom of
the recess POFESStHESHHRBM SUREEUT O NP EFRNsSDbisteanecidly. dffieudispeat be bstidsetitteaching is that
small changes. in the step height 106 and/or thermal conductivity of the substrate carrier 100 under the
step can chaPiifa th&tarRpERt PRCAPHHE G RORRPHEN S YR e T oHE SUB AR AIRV S 02065 it has a more
uniform tem e%:ature rofileé)r haS]? predetermiﬁled _del%iﬁﬁed tem rofile. FIG. 1B illustrates a

A

eraﬁure
top-view of BEGHLHAte “CEPHEPS B0 th AR PALHEA BY 8%9?88%%‘%6‘?89%%%%“ ot analysis o

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,



present teaching. The top-view shows the variable step heights 106 in different patterns extending
through the entire substrate 102. [0029]FIG. 2 is a schematic diagram of a photoluminescence instrument
200 that is used to measure the wavelength of optical emissions generated by an optical layer or an
optical device fabricated on a substrate 202. The instrument 200 includes a laser 204 that generates an
optical beam with a narrow beam width. The laser 204 directs the optical beam to a small area on the
surface of the supstrate 202 tE?t corres onds to a small area of an optical layer or tq a single optical
device so tHAF e BHHTRE e iF Eih ;5’?658%@&5%%‘1%@%‘8.W@§E?§St aot'éeéﬁ?fiie’rﬁbeunted on an X-Y

translation Sta}%r% etg%t égg%selate% the subset[ate a2 gfégg{cgtq_%ﬁ%%tbcqicgp&@i So ih%t thse ggggal beam strikes

. d nee metrics o T
desired are5s or any Rumber of all of the opﬁcal evices. This technique can also be Used to measure

emission wayglenaih Chiaysra arern AN Ihe isukslrate befars saplsal devissnare bripated. In this

case, the emission wavelength in predetermined areas of the substrate is mapped by stepping the

substrate upgdgedhe-Peanta determingitthe waleomillmeehtheperHamance specifications before
devices are fabricated on the wafer. [0030]The optical beam causes the optical layer or optical device to

generate optical emission at its characteristic wavelength. A collimating lens 206 is positioned to direct
the collimaté®B8am to aFitinbh 208twkich téfletty tHe opticalbeanein ) shatanbbhiretedtor 210. A
focusing lens 212 is used to focus the collimated beam into a slit of the monochromator 210. The
monochronfBfiErrasdies & seaesseniverrbieagti o uhv e SHtin H¥tdrishigrsl2IWigHositioned to
detect the optical beam passed by the exit slit. A data acquisition unit 216 can be used to store the

wavelength BBEGH HadUihe bR HRssidiibiale tHrees Res Qe 2531 a ifferent area of the

optical layer of 10,2 diffefent oniical device And fhan fh messuremant s [epeated honexagple. the
optical devices dafi be space%i mm parts and the X- Ytrandiation's age can trans ate e Substrate 202

in the horizqgial g \eiiGal ATRIONS I 2L TSRS MIRSIEIG 3 Hlyslrates sapis esuls of

measurements generated by thc photoluminescence instrument 200 descri In connection with FIG. 2.

FIG. 3 illustiates. e syRsiatec30Ravhish it his SxamBle iS AsaRIsaRAUGIAtWaTRE s divided into

pixels that represent areas of an optical layer or individual optical devices. A magnified view of a portion
302 of the subhdtrateiG0AdsisbRrw fternae Gleaity dustratgotheaphuelsiad Okt cacheahitng pixelimaD4 is

associated with an emission wavelength in nanometers of an optical device that is probed by the laser
beam in theiristalmandr200or in a predetermined contour. In other embodiments, it is desirable to form

the substrate carrier 100 of a material that can easily accept additional materials in localized

arcas. In yet other embodiments, it is desirable to form the substrate carrier 100 of a material

that can accept inserts 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



[0032]In another specific embodiment, the parameter measured is the intensity of optical 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 area 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 gptical emission. A focusing lens can be used tq focus the optical emission A
dotector or ABRSBIFSRY ia LRI SbRAEH HESEEHO, SUHE Bt ShdI BT ReUSER acquisition unit can
be used to store the optical intensity-positi ta. [0033]Thus, the result of the measurement is a map of
the substrateex% n\l/git%?%u %#ﬁ&%@%ﬁﬁé%%ﬁgg 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 ngoaber repreprpting thetRmisRian yyavielengHa L RRATEIS fasTiaRR e RAR dhe substrate
300 are then related to their corresponding positions on the substrate carrier to obtain a map of the
measured apticadsiayehowoptioglttevigaipdraniaiens, gaticheihbinis exdapleyis emissipiralvdsatength in
nanometers, presented as a function of their corresponding positions on the substrate carrier. 100341 The
measured pabainitte i ofsdbpusitédaybesztmorne psitiondon theststrateasathemrepttad to a
physical characteristic of the substrate carrier. For example, the measured parameter can be an optical or
an electroniecp@rfathrapriErmeaiearidtihe phiasial Chdraetehs oo érs ipgn e sanibreasdiche local
depth of the substrate carrier under the layer or device being measured. Also, the measured parameter

can be an oPttSFSF 5 S1BEHRIRRD M AAATEETERiR SR AT L R EH AN EE SN &tie BRr8Sbstrate carrier

can be the local thetmal sanductivty o emissiviy of (e substate carigr under 1hs jayer or device being
measured. The TeStit 1§ & plirality of phySical Charactenstics of the substrate carner corresponding to a

plurality of Qﬁﬁlﬂ%&soﬁ'AJB&?qgﬁgﬁ%r?@{&%rthhqg%ﬁll& &qabqd Sﬂp@eﬂlﬁer‘ﬁﬁ%@gﬂo@&%easured

parameter of layers grown or devices fabricated on the substrate to the physical characteristic of the

substrate caEHELCOMRISESMINE A Mathamaticat modehioperiarar theJaiatianvies exgipple, a
mathematical model can be used to relate emission wavelength or emission intensity to the local depth or

local thermatgongieciivitisofihgsapieneasiercunsesihaiayapor dexes dMare sperificallyatthe surface
temperature of the wafer can be calculated from thermodynamic and kinetic reaction equations by using
the measurédfemissignivabdetlargthraoibinedibd domhpositiothotaisemicavdleoigh layerdncthénsdbstrate.
Heat transport equations can then be used to relate the wafer surface temperature to the depth or to the
local thermakesred tetivilypioftthe mermegddarsepping the substrate under the beam to determine if the

wafer will meet the performance specifications before devices are fabricated on the wafer.

[0030] The optical beam causes the optical layer or optical device to generate optical
emission at its characteristic wavelength. A collimating 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-
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[0036]Also, 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 relating
empirical data. One advantage of the present teaching is that simple experiments can be performed to
obtain empirical data that can be used to determine the shape of the substrate carrier that results in either
a uniform temperature or a predetermined temperature profile at the growth surface of a substrate For
example, experimental data from pgotol minescence measurements of emission wavelength can be
related o th: ISRAIHEPEF AT UMRAR S URARZGF Ehe EFAP EL AT SHIF IFECHeoBited layer being
measured. LQOSSQFSIGS. 4A-4C illustrate an example of a method of relating measurements of emission
wavelength of an I5ptical 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 waygiength data@saifuastieysahpesiiansaitheeptisaBeyiae:-idpeptical emission wavelength
data can be obtained with the photoluminescence instrument described in connection with FIG. 2. The
results are ghowhuififekcendAinsranmai? 0t thedsuksiratetivithy itaiiglengHiGaidl betresponding to the
position of the deposited layer being measured. In this particular example, the desired wavelength, which
is also the avbstige Wivalbishth, thyseganinle BEIseMcJODB8IThelentissiodivwdediategtixdethation from thc
desired emission wavelength is then determined. The results are shown in FIG. 4B as a map 404 of the
substrate wfﬂﬁ’réﬁﬁl%%ﬁs\ﬁg% RIMigE lauviati ol ataebreterder itssa furvesHied pisaitdr BArtke substrate. If
the emission wavelength deviation data is greater than a predetermined value, the step, hei%ht or other

physical chafacE st die Qbsrhee e iemrsiadmniastiie sy aie midaehal fsdssiii Weviation.

For example, in somej]_ﬁzrlgﬁesses it.is deswfieb!éﬁto have the emflSS|or1t.\é\/aeil_\(/1%Lt=lzcrleqttl§1atd§V|attl)ce)crll tlrae less than or

18 as an cmission wavelen 1 anometers of agn o TO .
equal to 2 nm. 1?)‘6% e emission waverengtn difference from the desired emission wave Xngth is then
the lascr beam in the instrument 200.

[0032] In another specific embodiment, the parameter measured is the intensity of optical
emission generated by an optical layer that is part of an optical device, such as a light emitting
diodc or a semiconductor laser. In this cmbodiment, a lascr 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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related to a change in substrate carrier step height. In the example shown, the emission wavelength
difference per unit distance is 0.16 nmittm for a substrate carrier that is about 16 mm thick. In other
words, for every desired 0.16 rim 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 fixcd position on the wafer, depending on the dircction of the desired wavelength change that
will change the eé?is ign wavelengths to.the desired emission wavelength. The?r)ti ults are shown in FIG.

AC as a mals 456 12 BEENTRY IR WERSIERGHHET SHSHAS- CHFHEI S BRp et gt V& RS icrons,

which is deter{.nlrf d from tI}lecﬁlylssmn way: Ien%ﬂi&{ffI(Ia{ ncegoerlg{ytegllgt?gf%%%%\ﬁefﬁ'%n- [0040]In other

embodimen?g,1 & emission wave éﬁﬁﬁr%/rgfu%rg’ arc related direc y to an abso Ickness value of the

portion of i WAIGE Gafyier SURROLAAING RRTICHIES AISAR AR BURERE: Wdlese emppdiments, 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
correspondiieg34] particulkirelayasor dpaiaadasividdepdlie ¢ Myssion svavelengihsisithiensdicectky related to
the absolute thickness of the substrate carrier supporting the substrate. The absolute thickness of the
substrate carridicis tHendeitrephintrebdudhotcdeorebtuddapeidingion Hoe direplionbefhesdedired
wavelength change. [0041]The physical characteristic of the substrate carrier 100 is then modified at one
or more of tPEgIGHIEIICEHRISISaRIAR Pesiaiterome stBrate wdriie iR Stamicdeiset
parameters as a function of position on the substrate carrier 100. If the physical characteristic is the

substrate cAMEF Lt HETGHE BedRedosrl As Hitherubstikig tarrRrdel e Berh he-¥iedrie carrier 100.

Material can be adgegtot e substrate carrier bcy npmerous means, uch as eva oration, sputtering,
. E\G/ﬁurlg . 150, t eﬁneasu C Ipa{ameter. an be 8610}2{%103 or an elgctronic perro aI(]jCC l’nétFC .
platting, or . Partions of the substrate carrier canh be masked so that material is deposited in only

certain areag, otihe; SURSIALG CAHGK. ﬁ?&?ﬁ&%@‘&%@r%@ﬂ &%ﬁsmmﬂeﬁmﬁﬁ&m{ﬁ&e carrier 100 in

any one of numerous ways For example, there are numerous methods of machining localized areas in the

recess 104 gfifig syRstirteuearder AA%: The-suRSiAle LN GRMP e MdsRINethwith goRtinuous contours
or can be machined in localized areas by pecking with a specialized cutting tool. For example, a small

diameter digmend efpingitaotcanche Hasbf Gutiingttoe!sJihiaf epesaienaiighaspeads; stich as cutting
tools that use air turbine spindles can provide the relatively high accuracy needed for machining small
pixels. positions on the substrate carricr.

[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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100431FIG. 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 areas 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. Faor example, in one embodiment, the
substrate oI5 ST IRIGHEItHER W ﬁ%?%@?@ﬁ@%%ﬁﬂbQ&%&?&W&O&fﬁﬁ?ﬁﬁssmﬁsragsired wavelength

change necessary to alcpieve the d aired &rlnisgion Wavc%l ngth. In t[his example eaclfl of the substrate
. ompyrses relating empirical data. ¢ advantage o %e resent teaching js that si .
carrier stepchelgEl SIS neg§tlvepmean|ng that material needs to be removed In each of the pixel areas. In

various emRodiments, tNeRYRSHASFA @%(aﬁ?@n?ﬁrﬁ%ﬁiﬁ&%a?%@ﬁé Ralar AR AeRISHQPEFemoved to

achieve a desired temperature at the growth surface of each of the pixels. The amount of material to be

removed is gropesiaraldeithenuabrs iR diglayeli Rreaienpavice JPAHAHIRVatIaus Bagthadsaccording to
the present teaching, a computer controlled pecking end mill can be used to remove substrate carrier

material in seaficcar alt gf dhveh gixelse 66 sdhalae sRows anpendxpitigendingtpatdarn 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 grindingppetitbrmib Ot sltowrasufel@nE forceastoofwhecpingls ceqeinitigtedde pib lob@ntgeth®nce the end
mill finished the grinding pattern in one pixel, the end mill is raised and then moved to another pixel. The
milling is pelderhiensd rangushnithel depusisr edrpikerderthederryeedinyrebdmstmenstedsults in desired
temperature at the growth surface of a substrate positioned over the substrate carrier. [0045]In other
methods, a GG or othe fyge qf.gomputer contalied miling machine Is used (o modiy the surface of the
substrate carrier'to form a con?lnuous contour t?laatmd)rowdes the aesired & perature a fhe growth surface

of a substratp, pASHQNEd YA AFE SHRRIAIS ST NSRS QUEL IRMBAR AR e to contour the

surface of the substrate carrier. Some of these met use computer contr s for performing

laser ablatioqy fleqtioRtatia sischAgS e WAIRhIStMARRINING in-MeOsterrlneRixels o[0046]Other

methods combine non-selective material removal means, such as chemical or dry etching, with one or
more maskingppiapshthalhdepesiidtdpast enessatariat hatisikesistanideithe removal seans in certain
predetermined areas. In some methods, the substrate carrier can be masked or partially masked with a
material thateaubésvivon-Tiniforivatchingooftheckupttrdte cartieotoagrahtata thontinuous contour having a
predetermined shape that provides the desired temperatures at the growth surface of the substrates. In
other methatei@neinssibiea/asiabienhitdsnabedimasskinesmateribiiiatis Thsistsuitsterenboremrioval means is
deposited over at least a portion of the substrate carrier. In these methods, areas with relatively thin

erodible maskinghiae rspietpbsigieeaisorétetayirlgngihdap s srnendinaderts samieneattsial and,

therefore, more carrier syrface material will be removed from these areas.
deposcl;te layer e?hg measureceil. In th?s particular examrlﬂe, tﬁe des{re% 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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[0047]In some methods, the physical characteristic is the thermal conductivity of the substrate carrier 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 diff t thermal conductivity can be a djfferent material or it can be the same material, but
positioned é?% different'SriEHIERBNTHS e&%ﬂ?6%&%%&?&8%%?3%%8’%&&‘&‘?\/?@.“1‘ I&}@P Fﬁ%fthods, the

thermal condp ti itt is chang{g:d in Iogalized reqi nsE E)e[ﬂormin m terial erocessinlg at the local region
t
For example e 1SCalJ4 12bIoR CAR B At Aag St 2 ot BBt TR ch Angas R thermal

cond UC“V”YWE‘%MQJEH}&&Q(%?%M? 6 ARRUGAY RGN, A6 H5RUREY NENUHDGIRNKED various

embodiments, it is not intended that the applicant's teaching be limited to such embodiments. On the

contrary, thenRRPligHMS (eAehIng RGYMRAS Vadaiss Alsraativies cndificatiansrardsawivalgnts, as will
be appreciated by those of skill in the art, which may be made therein without departing from the spirit

and scope oktfie teaghinchadibibb o ataiiechisThht A, shibsitataeamitecaEpPiRIRgs sheacessithat supports a
bottom surface of one 5or more substrates, at least one physical characteristic of localized areas of the
recess 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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being modified by first relating a measured parameter of a layer deposited on a top surface of the one or
more substrates, which are opposite to the bottom surfaces of the one or more substrates, to the at least
one physical characteristic of the recess, and then modifying the at least one physical characteristic of the
localized areas of the 10recess in response to the measured parameter. 2. The substrate carrier of claim
1 wherein the substrate carrier is formed of at least one of graphite, SiC, metal, and ceramic material.
153.The substrate carrier of clal 1 where he substrate is formed of at least ?hgne of a senhconductor

metal, and gﬁaﬁ?gﬁﬁawmgf&% azfmsh%r tr SRS TORY R B SRR WHEFEHRDS PSRt 83 heasured

parameter of tpe Iia}/se({ degp |ted qn thl%a?uekl)strat %) th% E_)rhysmal characteristic of the recess 20
comprises usmg a mathematic 5 ffie substrate carrer of claim 1 wherein the relating the
measured parameter of the Iayer deposited on the substrate to the physical characteristic of the recess

comprises rgigdin)g empingakeataa2be fridvesubsitategriries aitlimndiwhereir traphysical
characteristic of the recess comprises a local depth of the substrate carrier.
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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18 7.The substrate carrier of claim 1 wherein the physical characteristic of the recess comprises a local
thermal conductivity of the substrate carrier. 58.The substrate carrier of claim 1 wherein the physical
characteristic of the recess comprises a local emissivity of the substrate carrier. 9.The substrate carrier of
claim 1 wherein the physical characteristic of the recess comprises a local mechanical property of the
substrate carrier. 10

[0044] In various methods according to the present teaching, a computer controlled
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,
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10. The substrate carrier of claim 1 wherein the measured parameter comprises a performance metric.
11. The substrate carrier of claim 1 wherein the measured parameter is selected 15 from the group
consisting of an optical parameter of the layer deposited on the substrate, an electrical parameter of the
layer deposited on the substrate, and an electro-optic parameter of the layer deposited on the substrate.
12. The substrate carrier of claim 1 wherein the relating the measured parameter 20comprises relating
emission waveleg%t[\ of tge deposit erin par(g ular Lcr)qcations to a corresponding local area of the

d|
recess. 13™H& GUBLPAIL CRPAFEY AR ST RS HE RSty Hy the localized areas of the recess

comprises removing material from the localized areas. 25 14. The substrate carrier of claim 13 wherein
the mate”al[@é{ﬂ'noved iy USRS %@tﬂ@ﬁé'%@%iﬁfﬁé’ﬁ ‘characteristic is the thermal conductivity of the

substrate carrier 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 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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15.The substrate carrier of claim 13 wherein the material is removed to form a continuous contour.
516.The substrate carrier of claim 13 wherein the material is removed from the localized areas of the
recess by at least one of machining, laser ablation, chemical etching, and electrostatic discharge. 17.
The substrate carrier of claim 1 wherein the modifying localized areas of the 10recess comprises adding
material to the substrate carrier. 18. The substrate carrier of claim 1 wherein the modifying localized
areas of the recess comprises changing thermal conductivity in a local region of the substrate carrier. 15

10

15

20

25

What is claimed is:

1. A substrate carrier comprising: a recess that supports a bottom surface of one
or more substrates, at least one physical characteristic of localized areas of the recess
being modified by first relating a measured parameter of a layer deposited on a top
surface of the one or more substrates, which are opposite to the bottom surfaces of the
one or more substrates, to the at least one physical characteristic of the recess, and
then modifying the at least one physical characteristic of the localized areas of the

recess in response to the measured parameter.

2. The substrate carrier of claim 1 wherein the substrate carrier is formed of at

least one of graphite, SiC, metal, and ceramic material.

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

of a semiconductor, metal, and an insulator material.

4. The substrate carrier of claim 1 wherein the relating the measured parameter
of the layer deposited on the substrate to the physical characteristic of the recess

comprises using a mathematical model.

5. The substrate carrier of claim 1 wherein the relating the measured parameter
of the layer deposited on the substrate to the physical characteristic of the recess

comprises relating empirical data.

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

recess comprises a local depth of the substrate carrier.
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19. The substrate carrier of claim 18 wherein the thermal conductivity is changed in the localized areas by
inserting a material into the local region. 20. The substrate carrier of claim 18 wherein the thermal
conductivity is changed 20in the localized areas by performing material processing at the local region.

21. The substrate carrier of claim 1 wherein the modifying the localized areas of the recess comprises
changing the emissivity in a local region of the substrate carrier. 2522.The substrate carrier of claim 1
wherein the modifying the localized areas of the recess comprises changing a local mechanical property

in a local region of the substrate carrier. contour. 524.The substrate carrier of claim 1 wherein the recess
has a predetermizled The substrate carrier of claim 1 wherein the physical characteristic of the

recess comprises a local thermal conductivity of the substrate carrier.

5 8. The substrate carrier of claim 1 wherein the physical characteristic of the

recess comprises a local emissivity of the substrate carrier.

9. The substrate carrier of claim 1 wherein the physical characteristic of the
recess comprises a local mechanical property of the substrate carrier.

10

10.  The substrate carrier of claim 1 wherein the measured parameter comprises a

performance metric.

11.  The substrate carrier of claim 1 wherein the measured parameter is selected
15  from the group consisting of an optical parameter of the layer deposited on the
substrate, an electrical parameter of the layer deposited on the substrate, and an

electro-optic parameter of the layer deposited on the substrate.

12.  The substrate carrier of claim 1 wherein the relating the measured parameter
20  comprises relating emission wavelength of the deposited layer in particular locations

to a corresponding local area of the recess.

13.  The substrate carrier of claim 1 wherein the modifying the localized areas of
the recess comprises removing material from the localized areas.

25
14, The substrate carrier of claim 13 wherein the material is removed in discrete

localized areas.
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thermal contour. 25.The substrate carrier of claim 1 wherein the deposited layer comprises fabricating a
multiple quantum well structure by vapour phase epitaxy. 10 26. The substrate carrier of claim 1 wherein
the measured parameter comprises optical intensity. 27. The substrate carrier of claim 1 wherein the
measured parameter comprises 15optical emission wavelength. 28. A substrate carrier fabricated by a
process comprising: a. depositing a layer on a substrate supported by a substrate carrier;

15. The substrate carrier of claim 13 wherein the material is removed to form a

continuous contour.

5 16.  The substrate carrier of claim 13 wherein the material is removed from the
localized areas of the recess by at least one of machining, laser ablation, chemical

etching, and electrostatic discharge.

17.  The substrate carrier of claim 1 wherein the modifying localized areas of the

10  recess comprises adding material to the substrate carrier.

18.  The substrate carrier of claim 1 wherein the modifying localized areas of the
recess comprises changing thermal conductivity in a local region of the substrate
carrier.

15

19.  The substrate carrier of claim 18 wherein the thermal conductivity is changed

in the localized areas by inserting a material into the local region.

20.  The substrate carrier of claim 18 wherein the thermal conductivity is changed

20 inthe localized areas by performing material processing at the local region.

21.  The substrate carrier of claim 1 wherein the modifying the localized areas of

the recess comprises changing the emissivity in a local region of the substrate carrier.

25 22.  The substrate carrier of claim 1 wherein the modifying the localized areas of
the recess comprises changing a local mechanical property in a local region of the

substrate carrier.
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20 b. measuring a parameter of the layer deposited on the substrate as a function of its corresponding
position on the substrate carrier; c. relating the measured parameter corresponding to the position
on the 25substrate to a physical characteristic of the substrate carrier to obtain physical characteristics of
the substrate carrier corresponding to a position on the substrate; and d. modifying the physical
characteristic of the substrate carrier corresponding to the position on the substrate to obtain a desired
parameter of the deposited layer on the substrate as a function of position on the substrate carrier. 5 29.A

substrate carrier fabricatgél ysaRERGARS 6P BMAASINGRerein the recess has a predetermined depth

contour.

5 24.  The substrate carrier of claim 1 wherein the recess has a predetermined

thermal contour.

25.  The substrate carrier of claim 1 wherein the deposited layer comprises
fabricating a multiple quantum well structure by vapour phase epitaxy.

10

26.  The substrate carrier of claim 1 wherein the measured parameter comprises

optical intensity.

27.  The substrate carrier of claim 1 wherein the measured parameter comprises

15  optical emission wavelength.

28. A substrate carrier fabricated by a process comprising:

a. depositing a layer on a substrate supported by a substrate carrier;

20
b. measuring a parameter of the layer deposited on the substrate as a function
of its corresponding position on the substrate carrier;
c. relating the measured parameter corresponding to the position on the
25 substrate to a physical characteristic of the substrate carrier to obtain

physical characteristics of the substrate carrier corresponding to a position

on the substrate; and
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a. depositing at least one layer on a substrate supported by a substrate carrier; 10b. 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 deposited on the 15substrate to a depth of the substrate carrier to obtain a plurality of
measured parameters as a function of depths of the substrate carrier; and  d. modifying the depth of the
substrate carrier at a pléraMgdbfypisitio prysicaltharpeledHéCob HitpHBIE R SREHEr GepesIaading least one layer

on the 20substrate as a function of the corresponding position on the substrate. 25
to the position on the substrate to obtain a desired parameter of the

deposited layer on the substrate as a function of position on the substrate

carrier.

29.  Asubstrate carrier fabricated by a process comprising:

L

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 deposited on the
15 substrate to a depth of the substrate carrier to obtain a plurality of

measured parameters as a function of depths of the substrate carrier; and

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

20 substrate as a function of the corresponding position on the substrate.
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