APPARATUS AND METHOD FOR BATCH NON-CONTACT MATERIAL CHARACTERIZATION
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]The present application claims the
benefit of WnitashHiates Application Serial No. 12/370,044, filed February-i/2s20080asvd United States
Provisional Patent Application No. 61/066,074, filed February 15, 2008, the disclosures of which are
hereby incorporated herein by reference. BACKGROUND OF THE INVENTION

(0002]Variousnon- contactmaterlajgbmmgatm tﬁghnwe@ca{eg@mﬂ and are commonly used to
measure semiconductor Watﬁé%'\@ W i‘@@&lﬁg&g %&C{WUGS include: X-ray

diffraction ("XRD"), eddy current measurements and photoluminescence spectroscopy, among
others.Photgiwnmesgegg@ﬁpgcwosmmemptﬁ:A&Mth|que wherein light is directed from a

pump beam[BBH)ﬁ{ The present application claims the benefit of United
States Application Serial No. 12/370,044, filed February 12,
2009 and United States Provisional Patent Application.
No. 61/066,074, filed February 15, 2008, the disclosures of
which are hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION
[0002] Various non-contact material characterization
techniques are known and are commonly used to wmeasure
semiconductor wafers. Non-contact material characterization
techniques include: X-ray diffraction ("XRD"), eddy current
-measurements, and photoluminescence spectroscopy, among
others. Photoluminescence spectroscopy, for example, is a
technigque wherein light is directed from a pump beam onto a
sample, such as a semiconductor wafer. - Such light may first
be absorbed by the material and then dissipated, euch as
through emission of light (also known as "luminescence"). By
measuring the intensity and spectral <content of the
luminescence by means of collection optics, various important
material properties may be gleaned. Such properties revealed
by photoluminescence include: determination of band gap,
material quality (including the concentration of impurities
and defects), composition of the different semiconductor
layers, among many other properties. One useful way of
analyzing the data may include plotting photoluminescence
intensity as a function of wavelength. The full width at half
maximum ("FWHM") may then be measured and plotted.
[0003] Currently, such material characterization techniques
are performed outside of the epitaxial growth apparatus in
which the semiconductor wafers are formed. Commonly, the
wafers are removed from the epitaxial growth apparatus and
placed into cassettes of wafers. The cassettes are then
cycled through, and the non-contact material characterization

technigques are conducted on a wafer-by-wafer basis, with one



through emission of light (also known as "luminescence"). By measuring the intensity and spectral
content of the luminescence by means of collection optics, various important material properties may
be glganeqv§g{g}a/g{gggrties revealed by photoluminescence include: detenmghatienicdt band gap
mate_rlal quality (including the concentration of impurities and defects), composition of the differeﬁt
_semlconduc_tor layers, among many other properties. One useful way of analyzing the data may
include plofting photeluayneseareaiintgasity asta ienction ohivavelengte s Ehedul widtkat half

maximum Fr\{glfc% a{g@étg%%gg{n%%s%?geapd plotted. [0003]Currently, such material
characteriZation tec niques are performed outside of the epitaxial growth apparatus in which the

semicondut98i0fhfers druTSIATEd. EIFIMBNIY IhEWRrERar@ FaR65Ed RO mthB%hitddal Hswth
apparatus mdwlaggddnt&pps@lgs ptostersiide epesatidsumesthertdyicied througinaai the
non-contacf rpaierial ci}giacégnzgtloml WQ 200902502P G EA1$3009/001 06 waler beingtested at a

time.This process can take a considerable amount of time. [0004]Further adding_to current processin
times is thé’?é’cﬁiﬁﬁt. typeER5beessifly asp‘b%?ﬁﬁ%%% utifiZe aachgr‘]’r‘]éééf refétred igoras%e? '{%é ock" in )
addition tothe@rineipal prbedsstieambei A sibseatedr alwafer daiter R6@thg ABMErod8 Substrates,

foﬁii?ﬁ?eﬂ}tgﬁﬁ@%}?logfmp‘?]%g‘m teyegHilibrum Méthrandord simesphare it laaddock
ible_wi e epitaxial growth process. Once the subsir a jlibriu ith inert
atmospheré‘?ﬁ}fhecﬁfﬁ%%%g, d(vn%rt get'vtvg%n ﬁl?el T:oaa;gcjllacl)%k %ﬁﬁg p%c?étcs%%c%lémbg}rj%elf& ?s%opened,
and the substratessdresadvemcall in@he Hrodess WikRbERAREIHbcESIRG PR Substratéare

removetli fropnthe pegess shaater thighete loaigklockodtultipledianding intbanduarssthe

epitaxial growth apparatus takes considerable, jme, yhich i Wira cdewsthe MeeRfed into
the process chamber. After processing, the substrates are
removed from the process chamber through the load lock.
Multiple handling into and out of the epitaxial growth
apparatus takes'considerable time, which in turn, slows the
process.
[0005] With regard to photoluminescence techniques, for
example, the wafers.aré typically placed on a stage and the
pump beam and collection optics are either moved in a raster-
scan or an outwardly spiraling pattern. That is, in the case
of a raster-scan, the pump beam and collection optics are
moved linearly across the surface in a first direction from
one end of the wafer to the other. After fully scanning a
first 1line across the wafer, the pump beam and collection
optics are moved a small, incremental distance perpendicular
to the first direction, and then they proceed to linearly scan
across the surface parallel to and adjacent to the first line.
This process is repeated until the entire surface of the wafer
has been scanned. This -technigque is analogous to, for
example, reading lines of text across the surface of a page
from left to right and incrementally moving from the top line
to the bottom. In the case of an outwardly spiraling pattern,
however, the pump beam and collection optics begin scanning at

the center of the wafer, and then they proceed to spiral



[0005)With regard to photoluminescence techniques, for example, the wafers are typically placed on a
stage and the pump beam and collection optics are either moved in a raster-scan or an outwardly

spiraling PSR ofipdls in_ the case of a raster-scan, the pump beam gag;collRsliengptics are moved
linearly across the surface in a first direction from one end of the wafer to the other. After fully

_scanning a fir;t line across thg wafer, the pump beam and collection optics are moved a small,
incrementy), distange perpendicylas todhe fisst dicaetian, and then they preceedéalinearlytsean across

the surface i i i i i i i
e surl Y'QE@J%% agge?{jj%%%rht&%&he first line. This process is repeateq until the entire s_urface of
er Isanalogous 1o, for the surface of a page and incrementally moving from the top line the

case of an AReBHdly sphegingBatterndermreved ShBREp B&Sm BRERe RonRIKLSBEGA scanning
at the centgegf theywader, and themnthey paeerackio spitdlodMVC: 2009/192560 2 RETH/US20084001006

outwardly from.the, genter until the.entire stufacg of fe wafgr hag been seaBRed: multiple
processes are to be performed on a group of sgemiconductor
wafers, with material characterization occurring between each
process, it can take a substantial amount of time to complete
the overall process. Specifically, it can be very time
consuming to first remove all of the wafers from the epitaxial
growth apparatus after one process is completed, then to
perform the testing on each wafer one at a time, and then to
reseat the wafers on a wafer carrier and introduce the wafers
to the same or a different apparatus for further processing.
BRIEF SUMMARY OF THE INVENTION
[0007] One aspect of the present invention provides an
apparatus for performing non-contact material characterization
on substrates. The apparatus in accordance with thig aspect
of the invention desirably includes a wafer carrier and a non-
contact material characterization device. The wafer carrier
desirably has a top surface constructed and arranged to hold
at least one substrate thereon. The non-contact material
characterization device is desirably constructed and arranged
to perform a non-contact material characterization technique
on at least a portion of at least one gsubstrate held on the
wafer carrier.
[ooo8] The apparatus may further include an epitaxial
growth apparatus having a load lock. The non-contact material
characterization device is desirably constructed and arranged
to perform the non-contact material characterization technique
while the wafer carrier is disposed within the load lock of
the epitaxial growth apparatus.
[00089] A computational device may be connected to the non-
contact material characterization device and connected to an
epitaxial growth apparatus. The computational device 1is

preferably constructed and arranged to process data from the
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[0006]The above described prior art method of performing non-contact material characterization
techniques can be very inefficient.Particularly in the case where multiple processes are to be

performed Qg 3,64R443Qf semiconductor wafers, with material characterizalign@eeuiing between each
process, it can take a substantial amount of time to complete the overall process.Specifically, it can be

very time consuming to first remove all of the wafers from the epitaxial growth apparatus after one
process is &WS%&QEMQ@@H%W the,tasting.an gachowaferana-at a timeuasHdben teneseat the

wafers on a wafer carrier gnd jntroduce the wafers tq the same or a differen tus for.further
processmg %‘ﬁ@fgtﬁﬂﬁﬁARdYeBE?HEﬁN\%Vﬂ%% 3:010 Oﬁ% aa:l%d gts (lij:f tég%gfggz'#ﬁ%ve#lon
provides aht#ppapattd*drperdsianhy n@ﬁﬁﬁﬁé&?mﬁ% cﬁBraE’f’@rlz‘éﬁSﬁ OR=RBRES Bihe
apparatus ghaceeralaestnightits aspeeteaf the invention desirably includes a wafer carrier and a
non-contac, é Eﬁlaj characterization device. The wafer cariec degirably has,a tap,suiace,constructed

and arranged Id at least ¢ one substrate thereon. The non-contact material characterlzatlon device

is deswablf@@ﬁét’fﬁ@ted afid arr@§yédto perféth a BRI ateri B AHBHISRSS 5 t&chnique on
at least a pgyten obattgast one substrate held on the wafer carrier. [0008]The apparatus may further

include an eggaxinl ool anpyEkis hadpa Alead o ir-agaceniad miedal giactasization

device is desirably constructed and arranged to perform the non: con&act riqaterlat charaq:tg%atlon
technique MRS RS wafY cé’r‘ﬁ’éf‘%ra’%ﬁgse‘&"\ﬂltﬁ?]ntﬁ%clgad“ ek ot The eprtaxial growth apparatus.

[0009]A computatenaladesce may be connected to the non- contact material characterization device
and connegied:P HksCRIPTION OF THE DRAWINGS

{0012] FIG. 1 is a schematic diagram of an apparatus in
accordance with one embodiment of the invention.

{0013] FIG. 2 is a schematic diagram of an epitaxial growth
apparatus and load lock in conjunction with an apparatus in
accordance with one embodiment of the invention.

DETAILED DESCRIPTION

[0014] In describing the preferred embodiments of the
invention illustrated in the appended drawings, in which like
reference numerals represent like elements, specific
terminology will be used for the sake of clarity. However,
the invention is not intended to be limited to the specific
terms so selected, and it is to be understood that each
gpecific term includes all technical equivalents that operate
in a similar manner to accomplish a similar purpose.

[0015] Aan apparatus in accordance with one embodiment of
the invention is illustrated in FIG. 1. A wafer carrier 10 is
shown holding a plurality of substrates, such as wafers 12.
The wafers 12 are preferably held by structures such as
pockets (not shown). The wafer carrier 10 is preferably
generally circular in shape, although this is not required,
and the carrier 10 is preferably composed of a material such
as graphite.

[0016] The wafer carrier 10 is shown mounted on a
spindle 14, which may rotate about axis 15 under the influence

of a rotation control device, such as motor 16. The motor 16
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epitaxial growth apparatus.The computational device is preferably constructed and arranged to
ErogessF data frorgn the WO 2009/102502PCT1US2009/001006 non-contact material characterization
evice.Further. e @putational device may be operative to adjust iti i itaxi
ol ¢ ; just candifinsinbiseritaxial growth
apparatus a_sed on_'§1e data processed by the computational device. [001%%The%1c;§-)contact material
characte_rlzatlon device may compriseadevicefor‘performingphotoluminescence spectroscopy.
[0011]Still pther. aspects, of thepresentiavention poyide meihods for perfopmingnan-genigst material

characterization on substrates. BRIEF DESCRIPT
discussed in detail below. ThéOQ%EE;TT§[g§A¥¥g(é§ably adapted

to precisely control the angular position and rotational

velocity of the wafer carrier 10. Useful wmotors 16 for this
application may include stepper motors and Servos, for
example.

[0017] The connection (not shown) between the spindle 14

and the wafer carrier 10 is designed so that the wafer
carrier 10 may releasably mate with the spindle 14. The
connection is- preferably configured so that' the wafer
carrier 10 may be secured to the spindle 14 in such a way that
the wafer carrier 10 and spindle 14 may rotate in a fixed
angular relationship. The connection is also preferably
configured to allow the wafer carrier 10 to be easily detached
from the spindle 14, so that the wafer carrier 10 can be
moved.

[0018] As schematically shown in FIG. 2, the wafer
carrier 10 is shown in the load lock 102 of an epitaxial
growth chamber 100. The load lock 102 is equipped with a
chamber door'104 and an exterior door 106. When the chamber
door 104 is opened, the interior space within load lock 102
communicates with the interior space of the epitaxial growth
chamber 100. When door 104 is closed, the load lock 102 is
isolated from the epitaxial growth chamber 100. then door 106
is open, the 10ad lock 102 is open to the exterior of the
apparatus, and most typically, is open to room air. The
interior space within load lock 102 is connected to a source
of a substantially inert gas, 8O that the interior space
within the load lock 102 may be maintained under an atmosphere
of the substantially inert gas. As usged in this disclosure,
the term "substantially inert gas" refers to a gas which does
not cause substantial, detrimental reactions with the
substrates or layers disposed on the substrates under the
conditions prevailing in the load lock. Merely by way of
example, for typical substrates carrying layers of III-V

semiconductors, gases such as nitrogen, hydrogen, group VIII

-



[OOlZ]EIG. 1 is a schematic diagram of an apparatus in  [0014]In describing the preferred
embodiments of the invention illustrated in the appended drawings, in which like reference numerals

repregent k8 g{@n@g@,'specific terminology will be used for the sake @tglartyodA@yseyer, the invention
is not _mtende_d to be limited to the specific terms so selected, and it is to be understood that each
specific term includes all technical equivalents that operate in a similar manner to accomplish a similar

purpose. [QRAlANARRAsatuS A acgerdanee wWithana erthadimest ofthedaventiansis distiated in FIG.
1. A wafer carrjer 10, is shown holding a plurality of substrates, such as wafers 12. The wafers 12 are
preferably ?le]f)d{ 8?//% ructures such as pockets (not shown). The wafer carrier 10 is preferably generally
circular in SI983€ lalthoRyh TSRS YRY re§iREd, Hirhthe cBRier 29 iPFRT&RZN cohtPdeddia material
such as graphite. J00%6]Tde, wetes castieridis seawy rowfiegored spindietd, wihkchwmggrrotate
about axis 15 ynder the influgaceof aggfatian canfrol deyice, sUsh 33-MALY 1ondhSSOLR6d6

while the chamber door 104 is open. The conveyor may include

any type of mechanical element capable of manipulating the

wafer carrier 10, such as, for example, robotic arms, linear

slides, pick-and-place mechanisms, mobile chains or belts, or

combinations of these elements.

[0020] During a preferred use of the apparatus of the

present invention, the following steps are carried out in

order to perform a non-contact material characterization

technique on the wafers 12. After one cycle of epitaxial

growth processing is completed on the wafers 12, the door 104

is opened and the wafer carrier 10 igs detached from

spindle 116. The carrier 10 is then moved from the epitaxial

growth chamber 100 into the load lock 102 by the conveyor.

The carrier 10 is then mated to the spindle 16. While the

wafer carrier 10 is thus disposed within the load lock 102, at

jeast one non-contact material characterization technique is

performed, as described in detail below.

[0021] It is to be noted that by performing non-contact

material characterization measurements while the wafer

carrier 10 is in the load lock 102, overall processing time

for the substrates will preferably be reduced. Specifically,

the amount of time required to move the carrier 10 into and

out of the load lock 102 through door 106 in order to perform

tests on the substrates is eliminated. Also eliminated is the

additional time required allow the atmosphere in the load lock

102 to reach equilibrium, since the wafer carrier 10 is not

required to be removed from the load lock 102 during testing

and the exterior door 106 is not required to be opened.

[0022] A further benefit of performing the material

characterization technique in the load lock 102 is the fact

that information gathered from the testing can be used to
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W02009/102502PCT/11S2009/001006 is preferably connected to a control device 18, which will be
discussed in detail below. The motor 16 is preferably adapted to precisely control the angular position

and rotatiogg) ¥gleeiyeef the wafer carrier 10. Useful motors 16 for this mpptissséonenay include stepper
motors and servos, for example. [0017]The connection (not shown) between the spindle 14 and the
wafer carrier 10 is designed so that the wafer carrier 10 may releasably mate with the spindle 14. The

connection.is,preferally configured s thet the meafes casdestd may beecurednip the spinele 14 in
such a Wa%/ r'glgat the wafer carrier 10 and spindle 14 may rolate, insa fixed angulasrglationgbip. The

. ormatlon A .
connection 1§ %50 prga?erabl conﬁgured to allow the wafer carrier 10 to be easll%ldetached from the
spindle 14ceBRHaRHRAfer GRNEFE0 CERIRIHRNAD. [H5FRIASE RenTRICEH shbwPhHE 2, the

wafer carrigsdfristshown irrthe leadfaciatinhan dpitaxial grewthishantrrd@oedhé foalock 102 is

equipped Vfﬁ@@ré@%ly@%dw&?“é@ ansexteder doar;106. en therchamhasdaot e opened,
the interior space within load lock 102 communicates with t@g in rié)r S ac é)}glt_gi epit{gmrgrowth
chamber 188V ¥9RendooPESHF RXABLd, tRYBEATSE 1025 Tsolated from the epitaxial gro

wth
chamber 188p¥¥hensiooii06ss@ipere theviaad [BeRktE02 RAGEEh the &”t@rioﬂ&ﬁﬂ’f@"ﬁ‘gdﬁ’étus, and
most typicglgﬁﬂgp@gn @rog&aie%@ﬁq}m&mca&ﬂr&e Joadheckdf@iistcommectéd td-hssource of

a substantially inert gas, so that the interior sp ig the | logk 102may beaaiptaingd under
an atmospﬁ’égé" BFth%hs?L‘}b%s?gnzla(flg iner g%g. é&%\g @ln this dcizgsgﬁ)sure, the terrrgz 'su stant(i)allrlly inert
gas” refersfiora gas Wi EEEEMbt cafse sWstartttSGERRStal realidriE-With the stibstfates or

layers dispgsadiansiiersyhstiaies catputiecdandilions picviliryinuhe |G obRERIETERS Way of

example, for,pical supsirates caring ayaes.oila\ sesisaducioraagases sush garoiagen.
hydrogen, group il VO 20091102502PCMTS2009/001.006 nOszS: ?E%i’a@dc like, ang mixtures
of these gazeskanBPifsoyed. FOPLOTARBITEYSES (1oR shiowR) My be provided within the load lock

102, the copweyoshpinganfigused o movelthe veaferphfrierdiF iR of BELSrHe Bt Yrowth
chamber 100 Wgec@@sf%@mmsggomoas 9pen. Fhe gorvayorpmaydaeiudaamyeype of mechanical

element capable of manipulating the wafer carrier 10, such as. for e, 0betic. agmginear slides,
pick-and-pl&88diéchani ﬁls?mBBﬁé%ﬁ%\in%polrtbaebftls%r 5%%%ati%§§%§flfﬂhese'elements. [0020]During

a preferredusesafthé apwaratesofede from the epitaxial growth apparatus,
then they are tested in a remote lab, after which the data
from the testing may be used to optimize the conditions in the
growth chamber. The time it takes to perform those steps
creates significant "loop delay," as several processes may
have been performed in the growth chamber under the previous
process conditions before the conditions are modified based on
the material characterization tests. In contrast, by
performing the material characterization techniques in " the
load lock 102 and, thus, quickly providing information to
control subseguent processes, the 'apparatus of the present
invention reduces any such "loop delay.”

[0024] The mechanisms for conducting non-contact material
characterization in accordance with a preferred embodiment of
the invention will now be discussed. Referring again to
FIG. 1, shown mounted above the wafer carrier 10 is a
non-contact material characterization device, such as, for
example, a photoluminescence device 20. The photoluminescence
devicev 20 may include a pump beam emitter 22 and collection

optics 24. The pump beam emitter 22 may be configured to
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present invention, the following steps are carried out in order to perform a non-contact material
characterization technique on the wafers 12. After one cycle of epitaxial growth processing is

completedypd sh/¥adgrs 12, the door 104 is opened and the wafer carpier/i62imdetached from spindle
116. The carrier 10 is then moved from the epitaxial growth chamber 100 into the load lock 102 by the
conveyor. The carrier 10 is then mated to the spindle 16. While the wafer carrier 10 is thus disposed

within the Jnadilock 102, apleast gae ponwoniasianalesiah characterizgtion techniquesis pesformed, as
deseribed in detall below D021 is,{g pe;noted thatby psrioring.agn-caiact majgeal may
characteriZation Measurements while the wafer carrier 10 is in the load lock 102, 0\§1ea[all g&[locessing

time for the Stbst ates wWiFsreraablyise Fétfuc SRicHRAIGPIESSMmBanEst thifte Fequired to move the
carrier 10 iniaaneseidiaidhetbactioek 182 ¢hrcalgh abortiss irrordesty padermitestson ¥h€ substrates

is eliminated. Also eliminated is.theadditionalisime xeauisad alewdhe atmosphere. in the load lock 102
to reach equilibrium, since the wafer carrier 10 is not required to be %mov,ed fron%tt%% %dlkpck 102
during testiP4Ad the g@@riorﬁﬁBF?@é‘@ﬁSF%ﬁﬁ%d% & P é [00237A Rirther benefit of

&'opene ,
performingiheshaterial charapterization Yectwiduein thedodirekamzyis #e faBethaPhiGation

gathered from the, festing.¢an besedde WOROASI102RA7REE US2GR9/80 Padtventolsomes or more of
the processes.For example, the informafion gathered gan be processed by.a pregragiiedea
computatio"rh‘:ﬁ3 YR BRFWith theé \ésf)ﬁ%a%'al sgfl?)cv%th%agppg%tus. The computational cLeZ/ice may be
connected 16 Brincorpdiatent witR 1RO EnFeldevide1 S The TDMPUEHShal8&Vcé S preterably

integrated withtheepitaxjal mrevwtieapgarstus esichyhtwayntiiat ddastbon tHeinfsmratkirgathered

by the compuiational dovice, Ing condlions in [he graudih £arERet400 mebeadisind exeptimize
the conditions for a subsequent set of substrates.Alternatively or additigngg){i tge &gg@ggmnal device
may use thefinfdtn ARMGSBIOF tHPFoRRBNA tneaditéfment to adjust the process o be applied

to the subsirajes-en tis partieslai carriardton ammmumg@x%tfor%p@mm&%her

treatment i“ﬁsr%%?fsdﬁ?%@?éﬁéoQPé&ﬁér@ﬁéger&pr%@%scqhainae@i@&%ﬂhma typigakepitikial growth

apparatus’th%wge?nrisconductor may be targeted for analysis by selecting
the' appropriate frequency of light to be absorbed by that
layer.
[0026] The photoluminescence device 20 as described above
is per se a conventional device.
[0027] The device 20, in accordance with a preferred
embodiment of the present invention, is preferably mounted to
a translation mechanism 30 which operates to translate the
photoluminescence device 20 along a guiding apparatus, such'as
a guiding rail 32. The translation mechanism 30 may cpmprlse
any known mechanism for translating a device in at least one
dimension. Appropriate translation mechanisms 30 may include,
for example, linear actuators, belt drives, screw drives, etc.
[0028] The translation mechanism 30 and guiding rail 32 are
preferably arranged so that the photoluminescence device 20
may scan at least a portion of the wafer carrier 10. In the
embodiment illustrated in FIG. 1, the translation mechanism 30
and guiding rail 32 are arranged so that the photoluminescence
device 20 may translate back and forth in one dimension across
the top surface 40 of the wafer carrier 10. Specifically, in

the illustrated embodiment, the photoluminescence device 20
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12 are f|_rst removed from the epitaxial growth apparatus, and then they are tested in a remote lab
after which the.datg from the testing may be used to optimize the conditions in the growth ’
chamber. TRe tgpe:thtakes to perform those steps creates significant "lgea @ebaysoameeveral
processes may have been performed in the growth chamber under the previous process conditions
before the conditions are modified based on the material characterization tests.In contrast, by

Fn?gfr:nrgtm gp%@f%%?%l Gesaelerztiopdpciyiiadas s the lealnek112uant, thiiss gaitaklyeproviding
"loop de:g%xofggznl $h§‘ob$§ “%&EWC&%S%%W&QP@@J&% of.{he ptesentdioventignureguicgs any such

( mechanisms for con ucting non-contact material characterization in
accordancehgitivalfsferrstréfbodnentdt thEiiverion Wen&iF bt HisAfsJBaY REFERing Sgain to
FIG. 1, shawr mreunieg abave she water cairrigrel O emorsaontaet nmidlerial Ehatactetizatiba device,

2 pormp e e B calechen o o4 The pLin beam emiter 22 iy e saiared 1o
optics 24. The pump beam emifter 22.m e Corfi dt
WO 20091985588pCtR)IS5868/001056 pFaREP ep’rec}%éefy q%?frl?‘é%rbeé% of)%g h%)z{iltgthew%o%%rr?acg 40

of the waferzartier 10, Go that thedaght alaydditrsttrefiact ack ke thedsfledbn opfEE24 6P%o that the

g‘rzi:nse;ze%%g‘ez@aﬂ?éﬁégqecm sddaca40 of the gatier 10smpy dfemensyreclya ties collection
P " the wafer carrier 10 about axis 15 by a small degree

increment. The device 20 then scans again, for example, from
the edge 44 to the center 42. This process is repeated, with
the position of the wafer carrier 10 being incrementally
rotated with each pass of the photoluminescence device 20
until a complete revolution of the wafex carrier 10 has been
made .

[0029] During the above-described movement of the
photoluminescence device, while the pump beanm emitter 22
projects light at the top surface 40 of the wafer carrier 10,
the collection optics 24 measure the luminescence of " the
target portion of the material. The information received by
the collection optics 24 may include data such as intensity
and wavelength of the collected light. This data is collected
as a series of samples representing the measured values of
each variable corresponding to each discrete sampled location
on the top surface 40 of the wafer carrier 10. By taking
samples at many discrete locations (which are very close to
each other), the entire top surface 40 of the wafer carrier
10, including the top surfaces of the wafers 12, may be
accurately mapped.

[0030] The data collected from the photoluminescence
device 20 is preferably stored in a memory device 46, which
may be a component of the control device 18. The data is
preferably associated with the geometrical position of each
sampled point P. - The position of each point P may be
described in many ways, such as Cartesian coordinates. In one

embodiment, however, the location of each sample point P may
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[0025]The photoluminescence device 20 is preferably configured to precisely control the frequency of
the emitted beam of light. Precise control over the various parameters of the photoluminescence

system, Sl{% %%Jfl%%gncy of the emitted light, will preferably make theeptikg@ysamsmore accurate.
Furthermore, frequency of the light emitted from the pump beam emitter 22 may be varied in order to

target different layers of the semiconductor for analysis. That is, because different layers in a

semicondygtop havipg, diffegant pand will absod differspt-fieguenciespblightathesdifferent layers

of the semiconductor may be targeted for.analysis by selecting the appropriate ency of light to be
absorbed b} tﬁ‘]’ﬁﬁar.t[ﬁof(ﬁfrﬁ%ephaﬁﬁﬁr%rllnegggrﬁ:\éelage\;i%%’Zotglsedevé%glﬁgd ék%?/%iésppe?&se a
conventiopalefaied Tiherdevice 20 finveesriantd Svith0a SrEFEREd B bRRe ittt tFEPrESent
invention, jspreferably moreted io-afeansiation mrabanisarB80pdiink operstgs e trdndlmnedhe
photoluminescence device 20 ajong a,auiding anpaatus, SUER ASA UIdINGIAIl 8geThadlrarslation
mechanisr%yso Jfﬁgy c’f)?nﬁrallse anysknown mechanism for translating a device in at5I ast one dimension.
Appropriatexraristatiord nisthaishs %Oaﬁ%‘é%nﬁuééf’fﬁ)r%rﬁﬁé?ﬁﬁé‘acrea&ﬁét%rs,%elt drives, screw

drives, etc 28] The tsareaticniachanism BS0sanchguitiingeaikdZ are prafaradly afan§ell so that

the photoll#nmincgagcenc Jevice 20 may seapqat legsla psiian of thawafer eartier 19¢ In thee
embodiment ilivstrated in Il—‘l . 1, the translation mechanism 30 and %%Q}eg rgil 3£Oa}re aniq{%ged SO

that the pHRRSIEAMHESAGRE IS Rce T thay FIRASAIE Back Shd FSith in one dimension across the top

surface 40nafbeyvafeteatter 104 Specifically, iptied dmbkied capbairvnt, tH&pRERATRRescence

device 20 Wy %9%%’&8%9@%&5@999/991@@@ pipferably-seans thelop sirfatedihadidlly with
ing be

i5 15, movin een the center 42 a&%ﬁh% outer ggetﬁé of the wafercarrigr;10. In this

respect to axis 15 ‘ 2
way, the d&RcE DEREY 5N He dritffe BR i Ee 4070 the wafer carrier 10. That is, the

photoluminesteneadevies 26 nfdy sehd atihe asrsdsahe ﬁip%&t‘?&@é'%(?ﬁon‘?,"f%?e)?a?ﬁ%%ﬁhe center
42 of the wafey capier 1Q.ing radiakdisaction ie thesedge 44 rOnne thedevies20dénghe e edge 44,

the motor 16 preferably rotates the wafer carrier, 10,abouf axis, 13 fy smalldegree irgremgnt. The
device 20 tREH SR HyM, fo"r"égi;(a"aji_]r:npleé,2 fro%géqe e@d%e 44 o the center 42, r‘ll'g&sngrocxeaséiiglrepeated,
with the positiondgittht ivsfer Eafried BB BeingfictentEnitaily t5tated With GAch pass of the
photolumingsegras.devise 2Quuatil apompleteaavoigtior:bf the-watskarEer10 has bREMFdde.
[0029]Duringthe above-descri mantofthephatelumigeseaacesdendee, ahaile the plmp beam
emitter 22 Jgeoc@‘ﬁaﬁ? at tﬁg%)%%g%?rléece 40 of the Waf%%ljcar ier 10, the cojlection:ppticseg4measure
the luminesdeacaentiethrg Bifont 8 thEnat8Fd "~ Thed i i

e’‘information received by the coIIecztion optics
24 may inclydgdatasusbsassintensity asuneavaiengtt Bhth& & | XRRTF AR Fhis d4B & coécted as a

series of samples representing the yeaswedvaliesafl eaeh vapableicorresponding to each discrete

res
sampled lo&ation on%he top surface 40 of the wafer carrier 10, )éu@gt&g; sypplegat En_aéye@ljgcrete
locations (WHIG3ale veryIBlode s e &HPSHEP Hre é’r%tir{e:‘%p Stifface 40 of the wafer carrier 10,

including thetepstifases af thenvafels K wmag be AccifatefFapped to fully opera

all components of the apparatus. That is, the control device
18 may be adapted to control the movement of the motor 16.
The control device 18 is also preferably configured to control
the movement of the photoluminescence device 20, by providing
appropriate. signals to the translation mechanism 30. Further,
the control device 18 preferably controls the
photoluminescence device 20 itself, dincluding the punmp beam
emitter 22, and the intensity and £frequency of the 1light
emitted therefrom. The control device 18 also preferably
receives and processes the input from the collection
optics 24, as described above. The control device 18 may
include a programmed general purpose computer or a portion of

such a computer, or may include plural computational elements
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[0030]The dat_a collected from the photoluminescence device 20 is preferably stored in a memory
device 46, which may be a component of the control device 18. The data is preferably associated with

the geometfigal,positign of gach sampled point P. The position of each peinidmay1ee described in
many ways, such as Cartesian coordinates. In one embodiment, however, the location of each sample
point P may WO 2009/102502PCI/U52009/001006 be described by that point's radial coordinates

about axis 35, i1 exdanto define sadial gegrdinates, thayvaler capigr 104uaterably has a egference axis
50 extendlgggr m the center 42 of the wafer carrier 10. Thus, each point P may be defined by its

radial distahice R flom the center 42 of the wafer carrier 10 and by its angle e from the reference axis

50. [0031)MHR3Tbmplefitg a sERFBRHESWaRS cAfRFIDPHTe MEPBR deikte 48%Hf pFafetibly have

?g :tf the p?@@aant_ iagsw{%:ecdaé@a@gargmde' edopsutiaee 46Skhesubstory devicesit-blsagpreferably
ains information.regarding the geometry of th r;carrier 1Q,qjingluding the relafi |

pockets (Wﬁ%ﬁlﬁglla%ék v(\?é:fe‘rgsa?%%o rg}grencc)feﬁa%g %%%ér%g{th%ra%g%iiggr%gg ogl%tcﬁaéggétsztrg?n

center 42 PR S Aatel inf PR fonTegartifFEScH-2ehitoRd G ER? 1298y B8 %altifated. That

is, by coordisatingdhe iaput datawithdis carespondinheradigrcocrtinatesfantitsy coirpReing the

coordinates o, stared:infopmation:faarding the spometry efithesvalge garrisy 10ptheseaniiokrevice 18
may correctly link the data from each photoluminescence,ﬂwlg%sugemer%
n

and with a PAHFRAE0SRTTTEN thé wifer P2H0033)in thisSmbotite r\é\%t&aggga%’g{%@ia%%wafer 12

pparatus of the
present preferably constructed to scan the entire top surface 40 of a

wafer carrier 10 holding many wafers 12, rather than scanning
each wafer 12 one at a time.

[0034] Many alternatives to the preferred embodiment are
encompassed by the present invention, not all of which are
described herein. For example, though the above-described
reference axis Solis preferably one defined by the motor 16,
in an alternative embodiment there may be a rotary encoder
(not shown) connected to the spindle 14, which provides data
to the control device 18 regarding the angle 8.
Alternatively, a physical axis or mark 52 on the top
surface 40 of the wafer carrier 10 may define the axis 50.
such mark 52 is preferably observable by the photoluminescence
device 20, such as by constructing it of a,néterial having
known photecluminescent properties. In that way, the control
device 18 may be able to deduce the radial orientation of the
wafer carrier 10 after completing the full scan of the surface
40 and aligning the data with the obgerved reference axis 50.
In a further alternative, no physical mark 52 need be present,
and the geometry of the top surface 40 of the wafer carrier 10
may be rotationally asymmetric, such as, for example, Dby
having at least one gap between the wafer pockets be larger
than the others. In this embodiment, the data from the
complete scan of the top surface 40 may be compared to known
information about the geometry of the wafer carrier 10, and
the control device 18 may accordingly deduce the rotational

coordinates of each sample point P and assign the correct data
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invention, a control device 18 is designed to fully operate all components of the apparatus. That is, the
control device 18 may be adapted to control the movement of the motor 16. The control device 18 is

also preferghy spnfiggsed to control the movement of the photolumineseanceeeie@did0, by providing
appropriate signals to the translation mechanism 30. Further, the control device 18 preferably controls
the photoluminescence device 20 itself, including the pump beam emitter 22, and the intensity and
frequency qfthe-jight ggg%g,mg{ggom,a'@@gonir@! devigs, 18-alse praterably regedvessamdprocesses
the input from the collectl%r} 0%2%58%4,835 %%svclrlbednaobovg. _t-[g‘i &8{‘%{8@,@8}4'86&;%&%%&%@9 a
programmé:d”é@hSFal b%rpose compulter of a po?l?on of Such a computer, or may include plural
computatioriat eleprdmal WiB 2008/ 102502 b E TPEI SIT00/ 601 CO6S Ry SIEHR s epar ¥ Forhitne
another bui,serrected ta aae anethesa{0033] The, appaiattiseaasdiasiribed @ibeud Wilbprefdrably speed
up the overall pro§g§§irqg Q@g for substrates, spch ag semicondyctoryaiersel 2. 4a ageiion o

uire

eliminatinggtﬁe tﬁne; r to remove the wafers 12 from the load lock 102 for testing, as described
above, the appardtROftne present invention may further increase efficiency by processing multiple
wafers 12 indedshes. Thatishite, appasatpsds nefeiabigroohstrudtediotschinthEashtit® tdg Surface 40

of a wafer cgyrier 19 holding.many walersolk?, Jatislithgn eranaingreas wales i 2-oke ahadime.
[0034]Many alternatives to the preferred embodiment are encompasse [ tion, not
all of whichGE%dé3cribdd heréﬁi‘.‘%‘ﬁf‘%&éﬁﬁﬁe‘? BT the ox%dgé“ cf‘bp’exégrgéefgr‘regr?gg %)%%ﬁéeo is

preferably enedefinethby thepneterls, in anaraFHEe embodinfSH ther&FFHPHE a rotard®ncoder
(not shown%)ﬁglggqg;ggﬁggggrﬁfgndI@ééiw@ichgprow{d@s dateatn theloontrehdéwice 184@gakrding the

angle e. Alternatively, a physical axis ar mark 52 on the top surface.40.of thepuafelgarrier-3 may
define the a%ff?%ﬁ.l%%cﬁ%na?ﬁ%%rsl%’%f%raﬁff cO%E)%gr'vab e by the ph%toluminescence deyice 20, such

as by constriretinghio b Aumane e SRR g *RBIARpROtORINESET ptbpdrigs TRThST way, .tﬁe control
device 18 maybg,abla toslgducerthe padialdrieatationwf thenwafencaeiento dfter oMbty the full

scan of the surface 40 and aligning the data with the observeddsgierenpeiaxieb@. Inacirthers
alternative, %ﬁrﬁy}:s]igﬁ ’mar?(f‘g ngg(?%e present,ggild the geometrgﬁg &Qe top .surfggq 40 gf the wafer

carrier 10 mEsABY rotatighaR SV nTEHE st AS For SYantiis Shy Faving af least one gap between
the wafer pegketsdedargasthatiiee others. louthisagabodinedt, B dERITFAh e ompletdScan of
the top surface 40 may e compargd to kpwn {Hieireationalouséhe-gaemetydf tie waferiearrier 10,
and the confrol device 18 may accordingly deducg the rotatig %Ieccgordinat%%of eachsgmnlepoint P
and assign ffetdditect daka WWMlOf@%PCﬁ%@%ZO&&%%lOOG to the appropriate wafers 12By
constructingatheewataricarierche ofremaiartal BAvIEhEERGRITNIABs BH O ferieEPhe control device
18 will be ahle 1q disfinguish hetweanhenyatesa I21and theccarriel 0F and thdeeviertZ Wikbe able

to assign the correct data to the appropriate, wafers 12 accardingly J003g3Further, the present
invention is HBEAfmittRGoREST ©3X+SF LY i3

[0036] In a further alternative embodiment, the translation
mechanism 30 and guiding rail 32 may be arranged so that the
photoluminescence device 20 may translate in two dimensions
across the top surface 40 of the wafer carrier 10. For
instance, the guiding rail 32 may be mounted on another
device, such as a second guiding rail (not shown), which is
configured to translate along an axis perpendicular to the
guiding rail 32. 1In accordance with such an embodiment of the
invention, the wafer carrier 10 may be scanned by, for
example, moving the photoluminescence device 20 in a
raster-scan, an outwardly spiraling pattern, Or & concentric

circle pattern, as described above, over the entire top

surface 40 of the carrier 10.
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above-described manner of scanning the surface 40 of the wafer carrier 10. Alternative methods may
be employed consistent with the present invention. For example, the photoluminescence device 20
may scan e suwdacs#0 by scanning in concentric circles. For instanceCuiesheardd fpdm the
photoluminescence device 20 may start at the center 42 of the wafer carrier 10 and step out one
increment in a radial direction. The device 20 may then scan while the motor 16 fully rotates the wafer
carrier 10 gooaapout axis 15. Fhetdemice20enay thiore sepodtiatit antithe eaaisr IEO-Atay be

rotated O”Q%Q%Qi%woﬁ%%‘i Ry %g@ﬁ@@@ewtiathgiammﬁgp swfacamhas peamseanned. In a
similar alternative, the device 20 ma ey ,ormargggtw%[dg spirgl{i,nqls% n QX gradually. maving radially
outwardly 8% M8 E@ntdta ik (RE water carfier 18 contindously rotates. [00363In a further

alternativedsmbodih®arst; the translation mechanism 30 and guiding rail 32 may be arranged so that the

photolumingsgease deviae 2@ may tranHatecineiwmdieensions: aciosstire semsufavedicithe wafer

carrier 10. For instaatnce,jt-h% gggdéng rail 32 may, be. mounigg.on apotherdevice, sugh @s:a second
guiding raill(ghot §hown), which is con Igured to translate along an axis perpendicular to the %uiding rail

32. In accorhanes WithiSRdh aR emBSdinTEnt of FeSRventiSn, thd MafePERrRE DRSS B SCanned by,
for examplaemying the photelupinescencedievics: 20 imbaasteriseamadevuneaithespifding pattern,

ora conceggigeg;}ca{gp@gergrggg%eéggggg ageve,pverthe: eatire jopwsyrfase 4Qxfdhe carder 10. WO
2009/102502PCT/U$2009/00100

‘ [0037]In a further alternative embodiment, t lati
mechanisn$38MRa§ beFeflated by Fpivot m%%ﬁéﬁ%in,%ﬁw‘%ﬁ%na@a%mgg thaé%gagr%éoéfli%%t around
by pivotingtin®nemirtaiadiiensicach0038] It 19 tolwes intiskr oot haPHEFresBHERREFHGR is not
limited to Io&gﬂpgethezrbqn-conﬁpt npaterial gharagissizatienevied sughhas Hiaphataduamescence

device 20, in a position directly above the wafey carrier 10.. Alternative arrangements.of thedevice 20
may be uséitf."ii&'eexa?rr%plg}?ymiﬁ%r ocpbstﬁgf" 8étic§flde3icel.r%%?/%§e attached to the translatirg‘g
mechanismo8 insteadest tiie phutmaindscaare ke VRS INEE R htsh BRbERfhert th&s?

photoluming§cqq?ge@g@QMagm dispesed inRdoeatitieraredtelfightthbapticllrdavié&avhere it
{

may be configured to project the beam of |j ards gondJeceive thgdgflested ighidbagk éiom the
optical devf&@?‘\’ﬁ%lopﬁ{:ea tevice m%{;%/]etheO r%cﬁ%ct such beams\{cﬁ Iightotowairds élﬁ% top syrface 40 of

the wafer chrrarsl0.otherk IPansRAg e ditRal BRRice M thdFRanner déscribed above with
respect to thgphoteluminescancendevise 2Gthetep susfacéd0 obtHewhfefRuiRs 16"mdy He
similarly scanned w itgggtc&eﬂggﬁlgéﬁsmowwinﬁéggeeea device:2Q itgelbtoshentranskated.cguch

optical device may similarly pivot instead of translatin described a Ve, Q039 In.a furiher
alternative, @¢vasisarafls iﬁ%%c&rﬂ%néé‘ﬁﬁﬁwcﬁe"boreggfn?t ;Srtml\‘ia’en‘ﬁ%?en%eg hot be incprporegjed with load

lock 102. Ingteach dhe pppatatnneday be tocated iraaindapordtbd wilthe thSfertiiiBES such as
that shown gn\q__Ldeescrzikaedii@ézjz.§f Pravisianal Applicatiea No. 61/6R6,68t filed Feleruane 1523008, and
entitled "CIUSter Tool and Process for I1I-V Mfaterials" g‘ge‘:rle%ngafteéétt}geggg%ré'gogmipation"),

similarly pivot instead of trans

[0039] Tn a further alternative, an apparatus in accordance
with the present invention need not be incorporated with load
lock 102. Instead, the apparatus may be located in and
incorporated with a transfer chamber, such as that shown and
described in U.S. Provisional Application No. 61/066,031 filed
February 15, 2008, and entitled "Cluster Tool and Process for
ITI-V Materials" [hereinafter "the Cluster Tool app;ication"},
the entire disclosure of which is fully incorporated by
reference herein. The transfer chamber of the Cluster Tool
application is a chamber in communication with a plurality of
adjacent process chambers. As described in such application,
such a configuration may be beneficially used where multiple

different processes, each having different process chambers,
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the entire disclosure of which is fully incorporated by reference herein. The transfer chamber of the
Cluster Tool application is a chamber in communication with a plurality of adjacent process chambers.
As describsbimeucizapplication, such a configuration may be beneficiZTEsaehNMeses multiple
different processes, each having different process chambers, WO 29091102502PCT/US2009/001006
are to be performed on a substrate. In order to speed up the overall process time on such substrate,
the transfeachambebengyelrd auaptedtn progidesdi iedt atnfospPERS thréQg P RARch e didisstrate may
be transferged f£0M opg-pracesswhamber ta;apetheiua acsoedaneraviththe pfesentirmesdion, it may
further speed up, the overall process time on the subsfrate to i . th us,Qf present
invention iR3YsugR trgégf%?%%{ar%}%eﬁ Ev%%lrg?t rf?sly bﬁeggc%%ﬁg%%egg %%%%ﬁgm? ﬁgﬁiﬁtsgz%%ng;{taerial

characteriZztion Dropenesfer BalfiePa 0 WIRRSE RI5ESe 8 R ERENFEPERARbE T4 It ito be
further notgggatethoughrthe aboewe dliascabediembadimeptsesfethe prsseatinentionibaveayeen
described ip cambination with  specific pop:contact satediak eharasterigationstashpiaiie nagely
photoluminescence spgctrosco y, the present invention is not limited to the use of SéJgh tegl;gﬂque.
Any other fGY-eBREER FRat&Ra cRBRI BN ASioR e HIfqERF Fi/ Ve dbdin Conjunction with the

nction
apparatus efthesgresent inveintion. Fehexempld; norrronkect sepRéé urasturd MedtFéRehts may

be made by, directing aheam of light ontn-a-guiface eha wafebh? end detenting dae-positioncof the
reflected beam. Such a surface curvature

, [ cha Eeasurem%gtrte%@ri&ueris shown and described in, for
example, pBRHRy Bts LRppREHoFING LIS 7588 Pive ‘834 appﬁlclation"), filed May 12, 2005, Pub.
No. 2005/0286@58, and Entittesl "MetHoel afdAPRFatis FEMERstring theeIhvatiie of B¥ffctive

Surfaces," fia.entirs.disclasyir ohwhich isdelly ineorppatedrhy referemoe eneinadoG4 1 [Feerapparatus

Ofﬂm[ﬂes%ggg¥gggg]Eéﬂ%%gggnation with a specific non-contact material
characterization technique, namely photoluminescenqe
spectroscopy, the present invention is not limited to the use
of suéh ‘technique. Any other non-contact material
characterization technique may be used in conjunction with the
apparatus of the present invention. For example, non-contact
surface curvature measurements may be made by directing a beam
of 1light onto a surface of a wafer 12 and detecting the
position of the reflected beam. Ssuch a surface curvature
measurement technique is shown and described in, for example,
pending U.S. Application No. 11/127,834 ("the 1834
application"), filed May 12, 2005, Pub. No. 2005/0286058, and
entitled "Method and Apparatus for Measuring the Curvature of
Reflective Surfaces," the entire disclosure of which is fully
incorporated by reference herein.
[0041] The apparatus of the present invention is also not
limited to performing non-contact material characterization
techniques after a cycle of epitaxial growth processing is
completed. The apparatus may also perform a pre-run check of
the wafers 12 while the wafer carrier 10 is in the load
lock 102, or the transfer champber, and before the wafer
carrier 10 is moved into an epitaxial growth chamber 100 for
processing. For example, a non-contact material

characterization device in accordance with the present
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limited to performing non-contact material characterization techniques after a cycle of epitaxial growth
processing is completed. The apparatus may also perform a pre-run check of the wafers 12 while the
wafer carrigéyd Qis/wMe load lock 102, or the transfer chamber, and betarsubmwabesosarrier 10 is
moved into an epitaxial growth chamber 100 for processing. For example, a non-contact material
characterization device in accordance with the present WO 2009/102502PCT/US2009/001006
invention may-#1ciude a deflectamelerdavhieh myfopetatesiaitarly iothemomagntaersurfeee

curvature measyrement appagatus describeddy the ‘834 application-Ipegiicalye sushdaflectometer
may direct a beam ofyllght onto a surface of a wafer ]42 and etéaag g’hoenposm%%oé ihiei E%fﬁc ed beam. If
the positioRBP ¥ Fafe cRFGEAMTevittes M itd Xpettad position. it may dicate that the wafer 12

is not sittingyaraperds dadhervarker 16T hisimay tocaufamexafnpld derPR PartkIeSisthideineath the
wafer 12 wgen jf is,loadedien thedwaler sawier 19, pad ihe sraferel Xisenotsitting:parallbbtonthe carrier
10 as a result. It would be beneficial to oftain this information, pefore processing i cgrdugted on the
wafers 12, bbcabiBe n%o-f)é%%f se%ﬁng%vllﬁ Iiklé:fyfgae%s% %ton-uniform thermal transfer to thetwafers 12
during procsssingg: 40042F &AEFMorttt iIIeBnteRHISREIh A Mate B chPa&E i Zdtion Tedhniques
involving physicakepnigespdthitie wafernt2 may alsarbelgerforntediconsistentavithithe pfedent
invention. For example, the above-described phatoluminesgencg deyice20 may.hereplaced with a
device hzalvf?féf—"zg1 B Se %ha s %oﬁﬁgr&rjé%ﬁt% ((}x%end to the surface 40 of the wafer. Sarr;“er 1% \ghere it

tests the maesith contasbMertdifT SRRV iy bBTHouRtsH to'3 Tahslation mec Anism 30,

as describegk alavey Whieh may siculatirenavertheearob@ sathat itipaysean theterttite’irfie 40 of
the water carrier 10, [0Q43]Althgugh fhe ipyantion hessindhashecnslpserbeghuitie sefingnce o

particular embodiments, it is to be understood that these embo it AT merely. dihstrative of the
principles af@rspiticatioRs of the M%ggﬁtgin&gnti%??tﬁg?ﬁer%?ﬁgg%% understood th%t numerous

modifications relybedaade tothr-illnstEative ebiissdimentsTARPERE other a?ﬁ%g&%gﬁfssm?y be
devised Witt?gllitiql%o tiggdemthe spirit and scope of the present invention as defined by the

appendedCfggEE] (:S%bgé%é§%@§e, it is contemplated that material
characterizaﬁion techniques involving physical contact with
the wafers 12 may also be performed consistent with the
present invention. For  example, the above-descri%ed
photoluminescence device 20 may be replaced with a device
having a probe that is configured to extend to the surface 40
of the wafer carrier 10, where it tests the material in
contact therewith. Such device may be mounted to &
translation mechanism 30, as described above, which may
gsimilarly move the probe so that it may scan the entire
surface 40 of the wafer carrier 10.
[0043] Although the invention herein has been described
with reference to particular embodiments, it 1is to Dbe
understood that these embodiments are merely illustrative of
the principles and applications of the present invention. It
is therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit

and scope of the present invention as defined by the appended

claims.
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1. An apparatus for performing non-contact material characterization on substrates, comprising:
(a) a wafer carrier, said wafer carrier having a top surface being constructed and arranged &ﬁ)cté(?‘lgﬁat
least one substrate thereon; and (b) a non-contact material characterization device, said ‘
non-contact tb%ial characterization device being constructed

C i ) L . _
andarrange o%erformanon-contactmaterlal characterization technique on at least a portion of at least

one substrate held on said wafer carrigr while said wafer cartier is disposgd-within a,lgad Jack of an

epitaxial growth apparatus or a transfer chamber in communication with at least one epitaxial process
chamber. “hF K afRHELHafRed HPEIRFA 15RIthePBBMPTISIHG a computational device connected
to said non-contactmateriat eharacterzation-deviceiand wofaectechtorar epitaxial ggowdh apgaratus,

the computgtiopal device pging spastructed and aranged fo,orocess data from, said.nan-coptact

material characterization device. 3.Apparatus as claimed in Claim 2 wherein the computational device
is operative & 26Ukt RonditibRS T saldepitaxial growth apparatus based on the data processed by the
computational device ira order @ optimize the condiions ferra subkseqguent set afesubstratesaid 4.

Apparatus as,claimed, in.clgim 1 wherein,said pop;contaat jpatgrial chargaterization, device comprises
a device for performing photoluminescence spectroscopy. 5. Apparatus as claimed in claim 4
wherein said'Wafer 8arfiet ¥ €onstrircted ofFmaterial having substanfiaiy- A6 photofiftiRéséent

properties.cha fa Apparatusiasmclaimachinglaimeh whereiresaid nan-sontach matariak chdaragterization
devi.ce is construg&e{gis?r}d anr}geep {0 dirri.ec'gS ati Igasvtv. one beargrorf {ggig%hepfégy Stg\ﬁ/é‘%xrd% asfa(jadrwafer
carrier. M8§%P. 7. Apparatus as cﬁalmea in claim 6 further comprising a means for moving the
beam of ra@ifit &vergyfactoss assiiface of saictwafer @artiepk ©of an epitaxial growth

apparatus or a transfer chamber in communication with at least
one epitaxial process chamber.

2. Apparatus as claimed in claim 1 further comprising a
computational device connected to said non-contact material
characterization device and connected to an epitaxial growth
apparatus, the computational device Dbeing constructed and
arranged to ©process data from said non-contact material
characterization device.

3. Apparatus as claimed 1in claim 2 wherein the
computational device is operative to adjust conditions in said
epitaxial growth apparatus based on the data processed by the
computational device in order to optimizé the conditions for a
subsequent set of substrates.

4., Apparatus as claimed in c¢laim 1 wherein said
non-contact material characterization device comprises a
device for performing photoluminescence spectroscopy.

5. Apparatus as claimed in claim 4 wherein said wafer
carrier is constructed of a material having substantially no
photoluminescent properties.

6. Apparatus as claimed in claim 1 wherein said
non-contact material characterization device 1s constructed
and arranged to direct at least one beam of radiant energy

towards said wafer carrier.

16



8. Apparatus as claimed in claim 7, wherein the means for moving the beam comprises a piy@tngp
mechanism. 9. Apparatus as claimed in claim 6 further comprising a translation mechanism for
moving the beam of radiant energy across a surface of said wafer carrier. 10. Apparatus as
claimed in claim 9 wherein the translation mechanism is constructed and arranged to move the beam
in one dimension. *  “PPAGIAt A Ss TAME in thairt T wherginS&id Waer Caffiériad'd cénter and
an outer edgeirthe franslation nechasismdreing constructed-archanranget-toomeve theubgamaetween
the center gpd he guigr<dge. - - 12- Apparatus as claimed in claim 9 wherein the translation
mechanism is constructed and arranged to move the beam in two dimensijons. 13. Apparatus as

claimed in claim S wHePEIR THE Rontontad Hterial charactBriZatioH 8&Gie8 id BonStRA%REd SR
arranged towperfosmtdr pastermscarpracross dye sudace of sgidneafer carmer. 14. Apparatus as

claimed in claim 9 whggein the nan-cantagtynaterial characterizagion device. s copsirycted and
arranged to perform an outwardly spiraling scan across the surface of said wafer carrier. 15.

Apparatus BEFI&inGed- M cldim G AMEFSin the™ndRcontdct Miteriat 2RaraterAatibA deviRGE Y

constructed andsarranged-toeperfari aaoncentficcircher sdar across the surface of said wafer carrier.

16. Apparatus as ﬁl)a}imegg?) claim, 1 further comprising a rotation, conirol devicg,coppegted tq said

wafer carrier, the rotation control device being constructed and arranged to rotate said wafer carrier.
MCSUP tr27SApparditusias CRINMEH intlair? 1SiierelPsaid HonTortatd tateRalthafactefization
device is dispasedrabhave saichuaserccarrier. 18.A method for performing non-contact material

11. Apparatus as claimed in claim 9 wherein said wafer
carrier has a center and an outer edge, the translation
mechanism Dbeing constructed and arranged to move the beam
between the center and the outer edge.

12. Apparatus as claimed in <claim 9 wherein the
translation mechanism is constructed and arranged to move the
beam in two dimensions.

13. Apparatus as claimed in claim ¢ wherein the
non-contact material characterization device is constructed
and arranged to perform a raster-scan across the surface of
said wafer carrier.

14. Apparatus as claimed in «claim 9 wherein the
non-contact material characterization device 1s constructed
and arranged to perform an outwardly spiraling scan across the
surface of said wafer carrier.

15. Apparatus as claimed 1in claim 9 wherein the
non-contact material characterization device 1s constructed
and arranged to perform a concentric circle scan across the
surface of said wafer carrier.

16. Apparatus as claimed in claim 1 further comprising a
rotation control device connected to said wafer carrier, the
rotation control device being constructed and arranged to

rotate said wafer carrier.
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characterization on substrates, comprising the steps of: (a) providing a wafer carrier, said wafer
carrier having a top surface being constructed and arranged to hold at least one substraté"fﬁ%‘l‘égn;
“and (b) performing a non-contact material characterization technique on at least a portion of at
least one substrate held on the wafer carrier while the wafer carrier is disposed within a load lock of an
epitaxial growth apparatd$8ra transfer@famberédfirscting mulfipRepitaxial processithanibérs.

19. A methodrascelaimed-inclaiar 18 Whetein=caid stepsafiperfaraming a non-contactsnateriadbve
characterization technique.includes perfoming photoluminescence spectroscopy. 20. A method as
claimed in claim 18 wherein said step of performing a non-contact material characterization technique
includes directing’at leastoneBeaR? 6f radiaht enBFgif OFErE the\WafeFeBffert D2 A%hethod as
claimed in elaim 20twherein said directionsstep telydesomeoyving the heam of sadiasirenergy across a

surface of thg waﬁ(ag S:arlgi]%v ig i%?g‘ Aam%gpgras Cc%%imeedri,n cél%i%zq&gvpg%ei the. step of arggvigg the
beam Of radiant energy comprises moving a translating mechanism in one dimension. 37
method as 2laffiBd fielaff 213 eheréirrthesvater Esftie? Mas A carntefand an botet etlgel s step of
moving thedvear @f sadiantenergy<comprisiag moving the beam between the center and the outer
E ooy S TR e L e e S g e R g erery
technigque on at least a portion of at least one substrate held
on the wafer carrier while the wafer carrier 1s disposed
within a load lock of an epitaxial growth apparatus or a
transfer chamber connecting multiple epitaxial process
chambers.

19. A method as claimed in claim 18 wherein said step of
performing a non-contact material characterization technique
includes performing photoluminescence spectroscopy.

20. A method as claimed in claim 18 wherein said step of
performing a non-contact material characterization technique
includes directing at least one beam of radiant energy towards
the wafer carrier.

21. A method as claimed in claim 20 wherein said
direction step includes moving the beam of radiant energy
across a surface of the wafer carrier.

22. A method as claimed in claim 21 wherein the step of
moving the beam of radiant energy comprises moving a
translating mechanism in one dimension.

23. A method as claimed 1in claim 21 wherein the wafer
carrier has a center and an outer edge, the step of moving the
beam of radiant energy comprising moving the beam between the
center and the outer edge.

24. A method as claimed in claim 21 wherein the step of

moving the beam of radiant energy comprises moving a

translating mechanism in two dimensions.
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25. A method as claimed in claim 20 further comprising the step of rotating the wafer carrieér@ %l;lka
central axis of the carrier. 26. A method as claimed in claim 20 further comprising the
monitoring one or more of the properties of a material contacted by the at least one beam of radiant

energy. 27. A method as claimed in claim 26 further comprising storing the monitored properties in
a memory device2° - 78, A¥hétod a8 caimedsh clain 26 furthef Conpriding fderfifiig &1 ng
geometricat neorglinate of atocatiomen thewatef €arrier-contacteddyrthe atdeast oheeam of radiant
energy, and further comprising associating the monitored properties with the geometrical coordinate
corresponding thereto. 29. A method as claimed in claim 18 further comprising the step of
performing an epitakial ProBESL6A thieSat fdastBRE stbstiaté of tiid wafer Eaftier. COmP3G. 54 fethod
as claimedimelaigt 8 fusthereomprsingdmoving the waker €arder intodheloaddeck ekthe epitaxial

growth app .and performing th -contact rial characterization_technique while the wafer
carrier is di@é%tgg& %v?th%gtyﬁge%g§ ?E)ggn 0{1«1831?% rln%%%%d %Iéeql%?rﬁ%d%l%ci% %@8 gvhger}gﬁ%?/'[he step of
performing the nofi‘confact\Rateifal éraractedzgion techhicquiefurter IvdIGdEE meATGTHG bRE or

more of thespropertiescoktheat ieastane-sulisitatees i32aAnBethod aseelawaed in claim 31 further
comprising the step, of azgjugtin c8nditions in the gpitaxia(ljgro.wth ggpagg%ucsr}%%seg on tpesrjr)gnitored
to

oS : t S CL
properties in order to optlmlzee he conditions for a su%geque‘%]trge substrates 3" A'method as

claimed in éldfh ABHuither comPsiig Widwag the WRfed Barkier iAto the transfek thamiser cdhrecting
the multiple,gpitaxial process chamhers andperforming the Bar-coRtast materalcharacterization
technique while the wafer carrier is disposed withjn the transfer chamber. MCSLLP 34. A method
as claimed T i’ 33 ?th%rei us%tial%fgp 6FBBHorming the' RGH-cContadt fhaterial cHaractafization
technique fartherirchedes mdritoringlone orsworetofithe properties ofithecat least vrersubstrage.

35. A methed asglaimed in claim 34 further comprising the step of adjusting conditions in at least one
of the epitaxial praocess chambers based on the monitored properties in order to adjust a process to be

applied to the at I&ast ohe BibSate HRIFdR e Ware? caet™ 18  further comprising

the step of performing an epitaxial process on the at least
one substrate on the wafer carrier.

30. A method as claimed in claim 18 further comprising
moving the wafer carrier into the load lock of the epitaxial
growth apparatus, and performing the non-contact material
characterization technique while the wafer carrier is disposed
within the load lock.

31. A method as claimed in claim 30 wherein the step of
performing the non-contact material characterization technique
further includes monitoring one or more of the properties of
the at least one substrate.

32. A method as claimed in claim 31 further comprising
the step of adiusting conditions 1in the epitaxial growth
apparatus Dbased on the monitored properties 1in order to
optimize the conditions for a subseqguent set of substrates.

33. A method as claimed in claim 18 further comprising
moving the wafer carrier into the transfer chamber connecting
the multiple epitaxial process chambers, and performing the
non-contact material characterization technigue while the

wafer carrier 1is disposed within the transfer chamber.
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36. A method as claimed in claim 34 further comprising the step of selecting one of the epitaxial
process chambers for additional processing based on the monitored properties in order to Mﬁtﬁﬂzpe a
process to be applied to the at least one substrate held on the wafer carrier.

34. A method as claimed in claim 33 wherein said step of
performing the non-contact material characterization technique
further includes monitoring one or more of the properties of
the at least one substrate.

35. A method as claimed in claim 34 further comprising
the step of adjusting conditions 1in at least one of the
epitaxial process chambers based on the monitored properties
in order to adjust a process to be applied to the at least one
substrate held on the wafer carrier.

36. A method as claimed in claim 34 further comprising
the step of selecting one of the epitaxial process chambers
for additional processing based on the monitored properties in
order to optimize a process to be applied to the at least one

substrate held on the wafer carrier.
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