MULTI - WAFER ROTATI NG DI SC REACTOR W TH | NERTI AL PLANETARY DRI VE

CROSS- REFERENCE TO RELATED APPLI CATIONS [0001] This application clainms the
benefit oWoWoB/15B¥370vi si onal Application No. 61/ 351, 966, pCirlusdoidwse4iv, 2010,
the content of which is hereby incorporated by reference herein inits
entirety for all purposes. BACKGROUND [0002] The invention generall y

rel ates to vacuum processing systens and nethods and, in particular,
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growt h i LED and OLED narkets, there is an ever increasing demand for
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control over (O] n prori l e"as we real time correction of various
def ect s i000Bhe dh;@ds ithd @mtegt gowfloimthe Y. ED and OLED markets, there is an ever

increasing demand for efficient and high throughput manufacturing methods and systems.

Current high throughput manufacturing systems use chemical vapor deposition (CVD) to
deposit material on several substrate wafers simultaneously and thus to maximize their
throughput. Yield per wafer is typically related to the uniformity of the deposition on it,
with a more uniform deposition resulting in a higher yield.

[0004] In the past and current CVD systems, the means for achieving improved
uniformity included heating of a wafer carrier, varying shape of a reaction chamber,
modifying shower head characteristic as well as rotating the wafer carrier. All of these
methods were used with varying degree of success with much improvement still needed.
In particular, when rotating a wafer carrier containing multiple substrate wafers it is
desirable to rotate it at a rate different from that of the wafers, thereby creating planetary
motion. This allows a greater control over a deposition profile as well real time
correction of various defects in the deposition’s uniformity.

[0005] Currently available methods for creating planetary motion of the wafers on a
wafer carrier include continuously driven planetary gearing system, application of
circulating gasses under the substrate and vibration of the wafer carrier to induce rotation
of the wafers. Each of these systems has its own drawbacks. A typical continuously
driven planetary gearing system consists of a set of gears which continuously drive both a
plurality of wafer platforms and the wafer carrier. The gears of the mechanism are

continuously loaded by both the mass of the wafer carrier and the mass of plurality of



[ 0005] Currently avail able methods for creating planetary notion of the
wafers on a wafer carrier include continuously driven planetary gearing
system appl2otatssym of circul ati ng gasses under the sub®CTAtSe01aNE4i br at i on
of the wafer carrier to induce rotation of the wafers. Each of these
systens has its own drawbacks. A typical continuously driven planetary
gearing systemconsists of a set of gears which continuously drive both a
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met hod for rotating the wafers includes rotating a drive shaft at a set
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planetary motion.

[0008] In one embodiment, a method for rotating the wafers includes rotating a drive
shaft at a set rotational rate and transmitting the rotation through a coupling to the
plurality of wafer platforms. Rotation of the plurality of wafer platforms transmits
rotation to a platen of the wafer carrier. Once the plurality of the wafer platforms and the
platen overcome their initial inertias, an equilibrium state is reached. During the
equilibrium state, the wafer platforms remains stationary with respect to the platen and
the drive mechanism experiences a lower operational load.

[0009] During the initial start up (i.e., starting from resting position) and prior to

reaching the equilibrium state, the maximum rotation rate of the wafer platforms can be



[0009] During the initial start up (i.e., starting fromresting position)
and prior to reaching the equilibriumstate, the maxi mumrotation rate of

t he waf erwpl2at1fid6378 can be adjusted by limting the aceerasatiiiosomnt e of
the drive shaft. During a shutdown sequence (i.e., returning to resting
position), the maximumrotation rate of the wafer platforns can al so be
controlled by limting the deceleration rate of the drive shaft. [0010] When
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rotate in alternate directions during each of the platform rotation cycles. Another mode

of operation can be a combination of these operation modes.

[0012] Because the drive mechanism experiences an increased load over only a small
portion of the operation period, the drive mechanism is not a source for particle
generation during a typical operation cycle. In order to optimize the mechanism’s
performance in the high temperature environment of the reaction chamber, components
such as gears, wafer platforms and the platen of the wafer carrier can be comprised of
high-temperature resistant materials. In one embodiment, the bearings are comprised of a
ceramic material, while the platen of the wafer carrier and the wafer platforms are
comprised of SiC-coated graphite material to minimize thermal expansion, and thermal
stresses during the operation.

[0013] The above embodiments present improvements over conventional methods of

achieving a planetary motion, as well as improvement in deposition uniformity. The



achieving a planetary notion, as well as inprovenent in deposition
uniformty. The inertial drive nmechanism unlike the prior art nechani sns,
creates twe?2pliarsei7ary notion in a controlled and synchr ecoas2omosenl f or the
waf er platfornms. The planetary notion achi eved by the nechani sm does not
experience a significant degradation in performance at the high rotation
rates of the wafer carrier, nor significant mechani cal degradation due to
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[0015] In an embodiment, the wafer carrier includes a platen with a plurality of

compartments and a plurality of wafer platforms. The platen is configured to rotate about
a central axis. Each of the wafer platforms is associated with one of the compartments
and is configured to rotate relative to the respective compartment. The platen and the
wafer platforms rotate with different angular velocities to create planetary motion
therebetween.

[0016] The wafer carrier may include a drive shaft, a plurality of first gears, and a
second gear meshed with each of the first gears. Each of the first gears may be attached
to one of the wafer platforms. The second gear is coupled with the drive shaft to be
rotated by the drive shaft and transfer the rotation to the first gears to cause powered
rotation of the wafer platforms.

[0017] The wafer platforms of the wafer carrier may be comprised of graphite (e.g.,

Grade ST-81), and the wafer carrier may further include a plurality of threaded inserts



carried by each of the wafer platforns and a plurality of fasteners used to
secure one of the first gears with the inserts. The threaded inserts may be
conpr i sedawof2ommwilsyiydenum or an all oy t hereof, such as nolPgbaseumosdsdioy 364.
[ 0018] The platen of the wafer carrier may be driven to rotate about the
first axis by the drive shaft. [0019] The wafer carrier may include a drive
shaft coupled to the platen and a plurality of belt couplings. Each of the

belt coupli.n connects one of. the fer platfornms to the drive shaft.
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wafer carrier may include a plurality of friction-reducing bearings. One of
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[0020] The wafer carrier may include a drive shaft having an inner spindle connected
with the platen and an outer spindle, a plurality of first gears, and a second gear meshed
with each of the first gears. Each of the first gears is attached to one of the wafer
platforms. The second gear is connected with the outer spindle. The second gear may be
driven by the inner spindle to cause rotation of the first gears. The first gears may be
driven by the outer spindle to cause rotation of the first gears.

[0021] The wafer carrier may include a plurality of friction-reducing bearings. One
of the friction-reducing bearings is disposed between each of the wafer platforms and the
platen.

[0022] The platen and the wafer platforms of the wafer carrier are configured to
rotate at different angular velocities. The compartments may have a circular arrangement
on the platen. The compartments are distributed on the platen in first and second
concentric circular arrangements of different diameters.

[0023] The wafer carrier may further include a drive shaft coupled to the platen and
configured to rotate the platen at a first angular velocity. The wafer platforms may be
free of direct mechanical connections with the drive shaft and rotation of the platen at the
first angular velocity may cause free rotation of each wafer platen relative to the
respective compartment at a second angular velocity.

[0024] In an embodiment, a method is provided for moving wafers in a reactor. The
method includes rotating a platen about a first axis of rotation. The method further
includes rotating each of a plurality of wafer platforms carried in compartments on the
platen and carrying the wafers about a respective second axis of rotation and with a

different angular velocity than the platen to create planetary motion therebetween.



rotate at different angular velocities. The conpartnents nmay have a
circular arrangenent on the platen. The conpartnents are distributed on the
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di ameters. [0023] The wafer carrier may further include a drive shaft
coupled to the platen and configured to rotate the platen at a first
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[0027] FIG. 1 is a diagrammatic view of one of the embodiments of a multi-wafer

rotating disk reactor of the present invention.

[0028] FIG. 2 is a perspective view of the embodiment of a wafer carrier for use with
the present invention.

[0029] FIG. 3 is a bottom view of the wafer carrier in FIG. 2.

[0030] FIG. 4 is a cross-sectional view of an embodiment of one of the wafer
platforms and a compartment in a platen of a wafer carrier for use with an embodiment of
the present invention.

[0031] FIG. 5 is a cross-sectional view of an embodiment of a drive shaft
compartment of a wafer carrier for use with an embodiment of the present invention.
[0032] FIG. 6 is a cross-sectional view of an embodiment of a wafer carrier assembly
including an assembly of the platen and wafer platforms of FIGS. 4, 5.

[0033] FIG. 7 is a bottom view of an alternative embodiment of the wafer carrier in

FIG. 3.



BRI EF DESCRI PTI ON OF DRAWNGS [0027]FIG 1 is a diagramuatic view of one
of the enbodinents of a nulti-wafer rotating disk reactor of the present
i nvent i orwO[200285#F G 2 is a perspective view of the empoaiusent/osds4n waf er
carrier for use with the present invention. [0029]FIG 3 is a bottomview
of the wafer carrier in FIG 2. [0030]FIG 4 is a cross-sectional view of
an enbodi nent of one of the wafer pI atforns and a conpartnent in a platen
of a waf rri use with odi.nment. of. the prese i nventi on.
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conpart nepi 30f a wafer carrier for use wth an enbodi nent of the present

invention. [0032]FIG 6 is a cross-sectional view of an enbodi nent of a
waf er cal00Bel addenbisya ¢raest-sediionpl aevasizardbieynagfe eimbogmgnieef thawatwaf er

platfor rr(‘:Sarrcfer asseGSDIy il F% 6.

[0036] FIG. 10 is a top view of an alternative embodiment of a wafer carrier

assembly.

[0037] FIG. 10A and 10B are bottom views of the wafer carrier assembly in FIG.10.
[0038] FIG. 10C is a cross sectional view of the wafer carrier assembly in FIG. 10.
[0039] FIG. 11 is a graphical representation of one of the modes of operation.

[0040] FIG. 12 is alternative graphical representation of FIG. 11.

[0041] FIG. 13 is a bottom view of a wafer carrier in accordance with an embodiment
of the invention.

[0042] FIG. 14 is a cross-sectional view taken generally along line 14-14 of FIG. 13.
[0043] FIG. 15 is an enlarged view of a portion of FIG. 13 showing a wafer platform
of the wafer carrier.

DETAILED DESCRIPTION

[0044] FIG. 1 provides a diagrammatic representation of an embodiment of a multi-
wafer rotating disk reactor. A reaction chamber 110 includes a wafer carrier 220 and a
flange 100 placed therein. The wafer carrier 220 includes a platen 215 and a plurality of
wafer platforms 210 on which plurality of wafers 200 are placed. The wafer carrier 220
serves dual purposes of positioning the wafers 200 inside of the reaction chamber 110 as
well support for the wafers 200 during wafer transfer in and out of the reaction chamber
110. The platen 215 of wafer carrier 220 is seated over the drive shaft 140, which is
rotated by a motor 120.

[0045] The flange 100 may be a showerhead coupled with a precursor source
configured to supply one or more precursor gases to the reaction chamber. In a typical
MOCYVD system, the precursor gases are composed of a metallorganic gas and the
corresponding reacting species required for the chemical reaction. A plurality of
substrates or wafers 200 are located inside of the reaction chamber 110 on the wafer
platforms 210 and serve as sites for the chemical reaction and subsequent epitaxial

growth. The heat required for the chemical reaction is supplied by the heating elements



[0033]FIG 7 is a bottomview of an alternative enbodi ment of the wafer
carrier in FIG 3. WD 2011/156371PCT/US2011/ 039441 [0034]FIG 8 is a
bot t om viww20f1/#e37al t er nati ve enbodi ment of the wafer cacmiuseolo3Ehs 3.
[0035]FIG 9 is a cross-sectional view of an alternative enbodi ment of the
wafer carrier assenbly in FIG 6. [0036]FIG 10 is a top view of an
alternative enbodi nent of a wafer carrier assenbly. [0037]FIG 10A and 10B
are bott %Tl] . V{“h%w{)sy—f))rfodlgcqg O%Lec englacglrriegcrtio%sa§§ (qggggiciggseg,l v%n]él(l) are released

through the exhaust outlets 130.

[0046] There are numerous types of heaters that can be used to supply heat for the

chemical reaction transpiring on the wafers 200. In one embodiment, a radiant heater can

be positioned proximate to the wafer carrier 220 in order to heat the wafers 200 to a

desired process temperature. In another embodiment, RF induction coils can be

positioned proximate to the wafer carrier 220 so that energy from the RF induction coils

heats the wafers 200. In yet another embodiment, the heat required for the chemical

reaction can be supplied by a serpentine heating element which can be comprised of, for

example, infrared heating elements. One skilled in the art will appreciate that other types

of heaters can be used to heat the wafers 200. In addition, one skilled in the art will

appreciate that more than one type of heater can be used to heat the wafers 200.

[0047] FIG. 2 provides a side perspective representation of one of the embodiments

of a wafer carrier for use with the present invention. The motor 120 (FIG. 1) provides

primary rotation to the drive shaft around the central axis of the drive shaft (o) at a first

rate (A). The rotation is transmitted through the motion mechanism to the plurality of

wafer platforms 210 producing rotation at second rate (y). Rotation of the wafer

platforms 210 induces rotation of the platen 215 of the wafer carrier 220 at third rate of

rotation ().

[0048] FIG. 3 provides a bottom representation of one of the embodiments of a

motion mechanism for use with the present invention. The drive shaft 140 is fixed to the

central gear 250 causing it to rotate at the first rotation rate (A). The central gear 250 is

connected to the platform gears 240 through a meshing of the gear teeth. Gearing ratios

between the central gear 250 and the gear 240 of each wafer platform 210 creates the

second rotation rates (y). The rotation rate corresponds to a number of complete

revolutions a gear makes per a given time period. The circumference of the gear

determines the angular distance the gear travels in a given period of time and thus the

corresponding angular velocity of the gear. If the gear is coupled to another object (such

as wafer platform 210), the object’s angular velocity with respect to rotation rate of the

gear is related to its circumference in the same manner.



[0038]FIG 10Cis a cross sectional view of the wafer carrier assenbly in
FIG 10. [0039]FIG 11 is a graphical representation of one of the nodes of
oper at i orwO200435#1 G. 12 is alternative graphical repregemustéloniail FI G

11. [O0041]FIG 13 is a bottomview of a wafer carrier in accordance with an
enbodi mrent of the invention. [0042]FIG 14 is a cross-sectional view taken
generally along line 14- 14 of FIG 13. [0043]FIG 15 is an enlarged view of

a portio I sho avvafer atformof the wafer carrier

DETA LEDUSCR) I ORP O A e Pt o ol e FRRET o SBIFE at f on
of an enpagdbier: (f wareFbdidibr foraieyith eeqirbRat fivekidneateQlaferbIA@AG 2 QN
chanber 110 includes a wafer carrier 220 and a flange 100 pl aced t herein.

The waf eis positipnest ovz2 @hei fncllmdeesiualng Ibaaranrg 2205w dhdoaxig Iahglah¢rtty To¢ waf er

et o "Bafiol Pl b KrRath I SreP praliBlef o0 208 hficREBF G piafBEmELET

the reactd®witk Rapbato hkQyaer prefdrnSURP&Intyafoin s‘ii&&le\ﬂiiﬂl%l’rﬁax:Zﬁdeﬂzﬁmﬂgr waf er
transfer in and out of the reaction chanber 110. The platen 215 of wafer

carri er Dmgeqd By degpacing beffveehthegyafeienlatherms 214@nd igratipn pkthe senfradgedy a not or
120. 241. If the base material for the platform gear 240 and the wafer platform 210 is SiC or

graphite, the diameter of the platform gear 240 can be designed to match that of the wafer
platform 210 at the point of contact to facilitate easy installation and removal of wafer
platforms. The wafer platform 210 and the friction-reducing bearing 230 are located
inside a compartment (unlabeled but similar to compartment 770 (FIGS. 13-15)) defined
in the wafer carrier 220. The wafer platform 210 is held in its position inside the wafer
carrier 220 through a combination of its weight and compartmentalization within the
platen 215 of the wafer carrier 220. Each wafer platform 210 is configured to rotate
about an axis of rotation ¢ and the platen 215 is configured to rotate about an axis of
rotation a.. In one embodiment, the axes of rotation €, o may be respectively centered on
the disk-shaped platen 215 and wafer platform 210.

[0050] FIG. 5 provides a cross-sectional representation of one embodiment of a drive
shaft compartment of a wafer carrier for use with the present invention. The intermediate
member 260 is positioned over the drive shaft 140. The synchronization pin couples
rotation of the drive shaft 140 to the rotation of the intermediate member 260. The
central gear 241 is fixed to the intermediate member 260 and rotates at the same rate.

The friction-reducing bearing 231 is positioned over the intermediate member 260 and
aligned coaxially with it. The platen 215 of wafer carrier 220 is positioned over the
friction-reducing bearing 231.

[0051] FIG. 6 provides a cross-sectional representation of one embodiment of a wafer
carrier assembly composed of the combination of structures shown and described in FIG.
4 and FIG. 5. Drive shaft 140 transmits rotation to each of the wafer platforms 210
through respective gear couplings composed of the central gear 241 and one of the
platform gears 240. The platen 215 of wafer carrier 220 is positioned over the drive shaft

140 through friction-reducing bearing 231. The wafer platforms 210 are positioned over



[ 0045] The flange 100 nmay be a shower head coupled with a precursor source
configured to supply one or nore precursor gases to the reaction chanber.
In a typiweal2oMOG¥MI1system the precursor gases are conp@sedsodl1n3ves4l

nmet al | organi ¢ gas and the correspondi ng reacti ng species required for the
chem cal reaction. A plurality of substrates or wafers 200 are | ocated

i nside of the reaction chanber 110 on the wafer pI atforns 210 and serve as
sites for th chemi reacgti on and.subsequent e axial growt h.. The heat
Fequt r ed SYRTenia i P S OS b ReCBN (TSR Icate gt B P A P et <
131. TheyBitr pragdtsd 31Pfbouh e GReMaCAlis HERE UHOA sIRIFE] ¥ BRIt SRaEsh towhd ch are
rel eased through the exhaust outlets 130. [0046] There are nunerous types of
heaters Plh@nQdé@fb@fﬂmeldlet&Q;uppl y heat for the chemical reaction

transpir one a radi,ant heater can be
poar ¢ ontdBIRf oxitiie SRt s R dlr BPa Sy RERRS TR o BMhmaf s he v ers
200 to aadé@ﬁiaﬁ@adwﬁh ﬂ(é%ﬁ@sehﬁiﬁp@l{tﬂinthrnﬂ in IvhichNehefereidb aginBRIN refelo likgluct i on
coils can be positioned proximte to the wafer carrier 220 so that energy

fromt hefeﬁanrttsna IR oh6cém fhds erabedimenfe thie e shafp &40 1sgoyled e mefer
embodi ”E ﬂr']i% ReRkr QH}HHseﬂvghé%é J‘cﬁre%gg%@ﬁéd {oe[ﬁé"hhfésh%ﬁ”m'ae supplied by

a serpen | ne ati ng er’rent can or exar’rpl e,
i nfrar edRbgdbdn ruge €) @Iﬁﬂf@tcﬁlve@hﬁt $40 sl thelsdnme ztshetaabh ofithel pla@p? ECofaw sfet hat

other types of heaters can be used to heat the wafers 200. In addition, one
ski |l ed f3itigtegOarkh e\ﬁFmtrlpatabﬁoéﬁ AtHeq Angnif ér ‘f"ﬁ’é?if “bfetopsECaEs TRBHPRr can be

used to heat whhe m{o%§f2g@ﬂ,er n%{h@“&“ﬁ% a side perspective

representation of one o ment s o a vva er carrier for use with
the pres@ib3] nvdiiGi & provides anattematl&Oeniifdd@nerif)of pmoti lerseqhaniveiriy rotation to
the drive sh round the central gxis,of the drive sha a first
rate (X)° n?eo‘fvﬁﬁﬁ}?ri)r?%n‘t wgw&ma@@aﬂ PRISUGY ée“ﬁ%PF@ﬁralﬁefé%ﬁ‘?a@Fﬁ to the
pluralitpaRfeaiFaGsPl-8t IOMHPBeREQiRERIHRI T sRARIAPR BlpISE (LM plade (V) -
Rotation of the wafer platforms 210 i nduces rotation o]? t he Ipaten 215 of

t he waf e2lxefrwifercade 220. {Thiemafergtafayfs 240 atd apupled 39y the[cmm8]1$ft G103 provides
a bott om,r esent ati.on of hani sm f or

s vi TR g aeele ik she R 2hb0feT VRRIERN b afhy &ofR e BRFS cont r o

gear 250p1@&uﬁmm0 ITHe @ate OF adtetidt (BY) bethkiplfén 2 ¥ &t aBr ¢aati@ A2K)is thEhemeent r al
gear 250 is connected to the gl atformgears 240 through a neshing of the
gear teewhat@éalaq %Ver%il@ftd&%(? ML of toiativadtr | thgywaker pBgorRY2tthie gear 240 of

each vaf gf,.p] 1% %&&t@orﬁ@?? %? c%%&%pﬁﬁf ?Mth&&%%tthé)&tlo%tf%n( y). The rotation

rate correspon 48 to & nu erev Ions a gear makes per a
gi ven ticiecupefeieaces. The circunference of the gear determ nes the angul ar
di st ance tg gear t avel in gi ven perjod of ti and t hus the

corr espolliPRl anddi APTavesan aiergrt vaahbpsimentof aptciasTerseaRpIoEG o _
anot her oRhEftwhieh e ATebAlaunRal tQE M Ak DreakBE LPPICRE - PRGHARR 2¥5] OCT Ly

wWith respect to rotation rate of the gear is related to It rcunt erence
i n the sefmeafmacaneer 2200s POLi41k868Z1RCTINIE20 11/ 1088 4pindle 143 of the drive

shaft 140. The central gear 241 is fixed to the outer spindle 141 of the drive shaft 140.

Friction-reducing member 142 separates rotation of the inner spindle 143 from the outer

spindle 141. There are several modes of operation for this embodiment comprising of:

only the inner spindle 143 driving, only the outer spindle 141 driving, both the inner and

the outer spindle driving. In the mode with inner spindle 143 driving, rotation is

transmitted to the platen 215 of wafer carrier 220 which then transmits it to the wafer

platforms 210 and subsequently to the outer spindle 141. In the mode with the outer

spindle 141 driving, the rotation is transmitted to the wafer platforms 210 which then

transmit it to the platen 215 of wafer carrier 220 and subsequently to the inner spindle

10



[0049] FIG 4 provides a cross-sectional representation of one enbodi nent of
a wafer platformfor the wafer carrier for use with the present invention.
The waf erwpl2atfid63m 210 i s positioned over the friction-Peaaszoig/obsari ng 230
wi th coaxial alignment. The platformgear 240 is fixed to the wafer

pl atform 210. The dianeter of the platformgear 240 with respect to the

waf er platform 210 can vary in size with the maxi numdi aneter limted by

t he spaci etween.the wafer platforms. 210 and .| ocation of the central
goar a1 MRS iR Sheter e Shrinopam S apds 13 A0visdbe FeSRa e
pl at f or m ELG W stert i@ 220raR M Sutert Perdll BEASinOfhetieiakdBsMIgear 240 can
be designed to match that of the wafer platform 210 at the point of contact

to faciliOO4bk eddy spmdiealliht idgrmapniep dreven\byla eommerf motqs|vathf the teo dife waf er
platform,210 and.the frictiqn-reducin ring 230 are | ocated jinside a
Corpar ¢ i pprrabeetriasty SRR, o iRal Crelm 3t borat el 8hal 35
defined ¢dhfichmitivakebe 6N @kindROshafthgerw@f®ivephatef orm 210 is held in its
position inside the wafer carrier 220 through a conbination of its weight
and conplpéknt &il0z & pionides ampkernafeyegnzhodinont of afwafeiecayiier apseadly iter 220.

Each waf | at,f: - i Lgur . Of: axips .rotation 8
and the g{(}altcl ea%hﬁ%m}l %1]1@%: n feg%?éhgﬁgﬁ?so%%trégg%%ﬁeta &lg%qgﬁg S 'or_b'r 5 gﬁ on a. In
one enboehbatinent helaxés o6 fnneoivafer pratf8rma2 hiayndaepluasipect dweal wafeent er ed on

t he di sk-shaped_ pl aten 215 and waf e;ﬁ_:fl atform 210. [Q050]FI G 5 provides a
cr oss- seletfom 2 et Bsbidedtandihomalsre? Wrase tcasdenoylany giop)eé theriangr

conpar t "BAl o e §y 0 Gt 206 She Ak éhg]‘ﬁl‘éﬂ' 0 1886 s REESHRrs bME MR Ratl e
i nt er medi atg n%?}\ger CZE?Oe ?sépos? tni(ﬂorne (;lveép t%e érmlﬁve shfa?t 140.e '?'Vﬁee
synchr onpladivino2 Idi MTheoupr @snulot 610 lonates tht lsentelsiof ¢heshaditwdfdOplatdoritse r ot at i on

of the ipterped ate nber 260 he tyal ar 241 i.s fixed tp . the

"ht er medb i o Tranpandn s ate gtauicass 272 edll st FERe T8 educi ng
bearing @3hxisorP&afidd ONBEdAVEEhatiR0l Nt er medi at e menber 260 and al i gned
coaxially with it. The platen 215 of wafer carrier 220 is positioned over

t he fri ck006n r ediici HYA bedit O grovade bqtEOBWEWS of the vyafedatiéss asseorbds i1 Bléct i onal
repr esentat f, one enbodi nent . of wa carrier.assenbl y copposed of
{he. coml it Kor ernarrEeR e edCisth otk Plilon b 2n FERET S R & .

Drive shpihtforkd I2rlacsed &15the @l bdmulbLc@eai e cériepuafies dpviagf orms 210

t hrough respective gear couplings conposed of the central gear 241 and one
of the pmaehasism. gEg divesbatt TRQ isoapled to s layme gatel ey dpewhizhn fugn is
position i it i ing 231.
he. vt er B sb O SR & R et LOEEHAT oL SO SENE 0 3581 | TP ot
respect i V4 i tiaatrhiowd tiedugi thg ldreacéngs ¢2i3Q46 RothatpioforefgetR@40attachepltat f or ns

210 about the internal axiis_ of the drive shaft 140.trapnsnmts. rotation to
the pl at ¥R o35 W&%er\m&téaxmé vl Eﬁ-z@@. PrpYgs2iEPesion VFBOT FEsldioa E#native
embodi Mefi R 1R iR PR RERFH ST 1S8R da et WdilyLdig REgRent invention

and in which i ke reference nunmerals refer to like features in FIGS. 1-6.
In this enropondeng dritihe méchangsng hahe didviOshia§ 1460 updegladao theelavgafcentrdar r i er

220. Wafer platfarns 210 are .n irectly couple o the drjv haft 140.
ot at 1 onereaS oHa By G S BCbu ek Fattind © B Bt e e A0 AERERElE e
platen 245 igfer Wat@HlfRIhk €11.220e roliRonaRdth i8Rl shhon 4@ isaidi@ebddur i ng waf er
carrier's rotation creates rotation of the wafer platforns 210, producing

r ot at i onthreied thq phalfey cersend igcar2d0 33 eI ptrtf@mpgeaw H¥s an al t ernati ve

enbodi msﬂ)tOS Q]f a P’iBt i(%‘ p%?&ggic§orpsjsgctional view of the wafer platform assembly in
FIG. 10. The platen 215 of wafer carrier 220 is positioned coaxially, on top of the
friction-reducing bearing 231. The friction-reducing bearing 231 is positioned coaxially,
on top of the intermediate member 260. The intermediate member 260 is positioned
coaxially over the drive shaft 140. The smaller central gear 245 and the larger central

gear 246 are coupled to the drive shaft 140. The two central gears 245, 246 can exist as
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accordance wth the present invention and in which Iike reference nunerals
refer to like features in FIGS. 1-6. In this enbodinent, the drive shaft
140 is cowpled/tse37he pl aten 215 of wafer carrier 220. Phe/usadian3p@hnt f or ns
210 are coupled to the drive shaft 140 through respective belt couplings
280 coupled with respective pins affixed to the wafer platforns 210. The
rate of rotation (13) of the platen 215 of wafer carrier 220 is the sane as
that of the drive shaft 140. %@e rate of rotq;ion gz) of the wafer

pl at f or nEYOFHURLE BAES SPURICT BPSFUEROTHS VOISR Tpatgies 8t 2 siglediay efehaf t 140
through {haid atitel 9fartasiis cspl@Wif ffieffRor ali@dpntld2ach pRiRYhdes: 20
alternative enbodi nrent of a wafer carrier assenbly in FPG. 6 and in which

| i ke reflocataden thenenerlagnvlas 601.t Badhi Rafdrangaar 840 pmtheli@gr anndus Ghleispl at en 215
of wafer carrier 220.iS positione % nd fixed to e inner jndl e 143
of tne. T PdiFane S0us W RAPLTRS 3 Pydhe P8 PER 400 BB S of nal
141 of tpatfehih YeuroNaidcald®n the bkt SBGO0] THe PRIELAN gd4d 29@RAY Afived r ot ati on
of the inner spindle 143 fromthe outer spindle 141. There are several

nodes of togpepater wafef plattons 2 Eherpthieweter aggHpy 6&). fgpchof therfiujertwpderi nner

spi ndl e Y pi [BYANTe P e inner and
t he oute&ég%?%%¥%ﬂgyfggﬁé9Bpﬁﬂgﬁgﬁﬁgggh@ﬁﬁﬁr%ﬁ%%gﬁ%%#%%nggégmﬁgiving,

r ot at i oncdrdert228npoditidred coaxiliyeoptoptof mhefliotiofi-ravuti@p beariig 230. 2R whi ch t hen
transmts it to the maferaflatfqnns 210 and subsequently to the outer

spi ndl e THionTeiucHie heaae ar it POREOBEY B8 Hierpirien 241 owrler ATt #:r ot at i on
s tr anséﬂa%a?? td etéaﬁreylﬁ;nﬁfng%ﬁ&;ﬁgt@@'gﬁggutw éﬁ:& afuB%@ rth @SR dach RV,aEC the

pl aten 215 of "wafer carrier 220 sequently to the 1 nner spindle 143.
An al t er platfone 2 bhamdapdandentiypafehe phaginstls obfthet Wafer carser 2301 nidleenret Jvadleri vi ng t he

pl aten 215 .of fer carrier .220 and the outer spjndl 41 drivin he waf er
b1 at for nila T TG e B e AT e s PRI i b pL 6 TS b ot or
Wi th thejstonsdhd w_@){ s0ab 3P R AMbrin™ 1_9[1&;&@?@ foHe@bd@bh V& It radiaodi f i ed

|

coupling may permt the dual shaft configuration to be used in a single
shaft i neesitical cogiespandingde thd OSBINERIGS 600 provi des an al ternative enbodi nent
of a waf rrigr.as ly in FIG..1.and i ich.like reference nunerals
refer toﬁoisgﬁ feAastaurre%@Eirtlfﬁl)e éﬁ?%%ryf}%onll?le’?tﬁ?&;ed\gg bt tlll?’}%n fgs %ffpg rlljertal ity of

i nner waplaffophsat A Pexamnpleb Lthadted afid thinat arinyilighayose i@ra Meihet bpk aidhasins 4212 are
i ncluded, and the wafers 200 are | ocated annularly around the inner axis of
t he waf elick &y fiia¢h oopdigurpHen Anembedinngng sorgomlangpaing snultiRle pEweeingsof t he

i nner : u ters of the
outer wary PR StepBid Rzl wiftheUthet 0 B oL R L J3F oL 0350, 5 Ty
be concegiar ddainkyYhamnang ekt aloiotmt el thx ilevaflevedliat i entrafgehh®icd drivings haf t
140. [0057] FI G . 10A and 10B pr.ovi de bo t%g}vifms of the wafer carrier
assenbl ylERQuiEr @langiplatiqreys. falalisrpive SE0PHEBHIA dMPIFMeR s MUKPIHP AR or m

gears 240, ésqg férhRe QU Sehar Yé@({rﬁfe tﬂé %Epﬁlﬁﬁet %i-a%foh‘ﬂ§ ahed _trQﬁ'sf&Jﬁfapbgt@Ee@n nul us

600 and the corresponding driving nechanism The drive shaft 140 1s coupled
to the | diegemec phinetaplatfars aBd @carghon ohe bnmbour of the ogteuplheds toyspirotewuteeshi ng to

the platf 240.. Th tati f t dri ft 0 i.
tranem t PR RPGUBHAththe cfese EinePald b sde IS eh T and SFeaidegt s 240
at t achedrdiRiohReo Qe beaifiadiR Fordagh pAF BBplddeds akd fSquitdBinRivey hi@sert dfouket t om

view of the platformgears 240 for the inner wafer platforns 211 | ocated on
t he i nneplaggihul us 601 and the corresponding driving nechanism The drive

shaf t 14@)0%@ COlﬁﬁgfi tI%V} egaI Aldfta ee”%ersgrllta §odf 245ftvé:hring%esi ?ot Sy ﬁor& S
coupl ed by %oth 'sthg o £h 61a¥?0rn1gears(§£@ g%tac ad CBY'theE™ i nner
waf er pl @hik @Fdph dibnstihe theh@dil@nefdoanof i Hibi(ve, sivaf dhafki@hd slatehainsm tted
through the smaller central gear 245 to the platform gears 240.

carrier) of the wafer carrier and the planet (i.e., wafer platform). As'the hub is

accelerated from 0 RPM to 300 RPM, the planet and the carrier experience a

corresponding change in their angular velocities. As the hub’s velocity remains at

constant, the planet decelerates to an angular velocity of nearly 0 RPM while the carrier
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[ 0058] FI G 10C provides a cross-sectional view of the wafer platform
assenbly in FIG 10. The platen 215 of wafer carrier 220 is positioned
coaxi al | ywoaen1tisps7ef the friction-reducing bearing 231. PCmAIS2011/039441
friction-reducing bearing 231 is positioned coaxially, on top of the

i nternedi ate menber 260. The internedi ate nenber 260 is positioned
coaxially over the drive shaft 140. The smaller central gear 245 and the

| arger central gear 246 are. coypl.ed tq the driv haft 140. The. central
gears 246t Sarrsrenili vbubiaides Maapt b BulpPutreatgienEiott ac two
di f ferengsfipabhe ﬁ&h@ﬁn@lé‘r'v@wcﬁ%B?—fHe-huEh@suﬁqﬁltﬁe%scﬁﬁﬂBﬁ af thG%fa}%ul%45 I'S

coupl ed by affixation or attachnent to each platform gear 240 |ocated on
t he i nnevelegiyudfuke gomicr 8dche plantts.olhe gegutar ¥a®cin of the planseis egnadud te 601 i s

coupl ed t.o.one of the wafer platfao 211. The | arger central gear 246 is
coupl od YireRREe frabropiiyEae el Ph IRl ur Waditer amnul us €00, The
pl atfornopear s 2@raiteeBl bihkeqpeLottttife-Baked provabe kudl Atd QWidotRdAvias t he
outer annul us 600. Each of the outer wafer platfornms 212 is |located in a

waf er pl Brofil: maybeased wisteadabarinnidal imidie deertifalrivgmegdec Fagh periczbef a

Prveti ontiedaee Abult RubeBe fleeldiichideChLBfiod ROV HRERE ARl o )
carrier 2BR8ctionada ratatipn i0a glven doectesponchieg: wadiesctiph@trbation sf thdptankt. and

allows rotation of each wafer platform 212 independently of the platen 215
of the wli0B#l cark Ftrodopmay e uissHer et eihe Priatnedr Ailes L1Maios 45 t i oned

I nsi de C%?Eﬁ&%ﬁt&ft dr%\J%eshQ[]t %eﬁhezéo'i_’itlgfl mﬁf%orﬁﬁ’isfe'a%? etelBichlcdnli®] Same way
as the outer wafer platform 212, except ?or the Tocatfon on t%e radi al
posi t i onapparatespafidiued t¢ coritind ohepemommvaniables B&td up0D68] Asmarerssiul t, t he

| anetary notion is extended to nultjpl.e rings o | anet platforng. As
P! aeppRel e wier ey ke mandrs bRUT e FoSh Bl PGle B ibeor o 14
inch by 4kéyedhrganbisedr@bispRy, dMoedHRRHHAERE cf Miple MR LBRAbI&Ea VLI Pl €

planet rings may be a stepped sun gear with the upper level (i.e., smaller
central igeplemonted uong atleass gne progesselr feldctey frdve niigneprocpisarsemiqgspat f or ns and

the lower level (i.e.., central. gear 246) driving.the outer .pl t

ol at f or nEomoRlCl PR et e KB T Ses os e s R vl B8 anet rings
is for theemuimgeapatt arrglyd, piooidemhbIBescipianats, phtainiehines,addc airtuignsf er gear
bet ween the inner planet platforns anoF gears on one or nore of the outer

pl anet s legyirsuithaligityl srcyisanl/ e any pthoidgvigesstbat madp e signglsdaeaeg coul d be
coupl ed w i ion. ti different for
caon pai gt SRED PEBELy BuAE ARl dp AR HPE bR TP

[ 0060] Fl embiy prpbve demgle gemphyi deaiceroe prpda-elidyalf nema@f devieesahclubdi@gmdes of
operation. This graph denonstrates the angular velocity of the hub (i.e.,
drive shBIHMIQIHR rifdepedrepss RCmory AR AN )VO]&flletIH%me BP-¥lpiiedPeray. t he
planet (i@ rand&th GEceRl ﬁfeflﬁEmSRﬁeﬁI),tcgfﬂallﬁ}tbrahéorﬁ%E@&ﬁl%ﬁl%gy IBRRMS, fRRM to 300
RPM the planet and the carrier expéerience a correspondi’ng change in their
angul ar memogy, cads. mesoryhandhertaing ottedr devite capehigia stoain g cogisd axiormatioe. pl anet

decel er s t n angul ar vel oci t f.nearly O RPMwhile the carrier
cont 1 nuebis e SelEl BRape RS Tt A By TUACRELE PRaY BPHE b,
Subsequedfves! Mt Hakhed $&hdVabld Q8Sdives! d[l%c@ﬁ&@!;sasrtorugé @&jidey (DA STHE hub
result in the oscillation of the angular velocity of the carrier and the
pl anet s. optival dmgpsl(@e., e €lldErive ad? VPIgeivpl cipetaniior ggasiives amieeg ditefser ence
bet ween ar el ocities.gf the hub and th rrier. FO0061] Alternatively,
ot hor 1y RREh (a3 oot BuBRfesa e B Foulon ol R o 1 e, vy

be used iyeheadd efecatesionugeiwiat ralids tiph ¢omgsdtérgdrogdamuedeemdodieaah peri od of
a time-based profile consists of acceleration/deceleration jogs that cause
each pl aystous SOMPYAT TPy e APRIIFAGPNSaCRBR AN NPTIOAT NSy PRIBFHS AN OBETS; B2t o

achi eve Hﬂicﬂirése, %{ci. %@lcoﬁﬁ&h@} bl%%ra%fl C&&ereﬁhﬁl%q}l memory and stored in the mass

storage device also includes control program code that, when executing on the processor,

provides control signals as current pulses to the motor(s) to provide the driving profiles.
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[ 0062] A controller may be used to provide the driving profiles to notors
cause rotary notion of the drive shaft(s). The controller may conprise any
el ectri cavocontrsed71appar at us configured to control one @®cTmse@1warsnbl es
based upon one or nore user inputs. Those user inputs can be provided by
the user through a user interface that can be a key board, nouse and

di splay, or touch screen, for exanple. The controller can be inplenented
usi ng at %east one géoces or selected.fron1nicro$rocessors,

m cr o- cohfs SITRIY PRGOS AHIAIEY COMPETsqneHr GifAF SHBYEIS S et r al
processi Rgidet dt Sariduselribshh QELRFTBRUGh A3l BePleh@Yd o REAGH BYTRD)S 408 C _

devi ces, state machines, logic Circuits, analog circuits, digital circuits,
and/ or agapsestthe cordenliier tosperfoam thastepruicsesayi tgeadaitq depsl awgleartor di gital)
based on_ope atiﬁ%al.é%stﬁ%@ﬂhg s &P§} are ééor%gfin a menory. The menory
may be a“8PAgIE MENOY Y I CE o A ptaral Pty SV HEWry devi ces incl udi ng
but not {gogit ed V@ioha PRk 66RSE sttBarit rdiiRAM)Y be (@ndlicd 8ad¥BPOY the

non-vol atile nmenmory, static random access nenor gSRAND dynam c random
access rrﬂ??élﬁﬁ'tl‘{fDMKW,Wlﬂ‘ﬂh%Fﬁ thﬂt@m«%wﬁﬁ@%p et of thamyveatioer devi ce
capabl e ri i Qi [ i . 0 Ss
ctorage DRured it gt bibeedi L RIRb R dllE: GOPhER g I U=

ot her r esusaberetly &k cdiivenesice,dind @als themesistiat shvaldamod by limétsd (DASBplelyopt i cal
drives (e.g., a.CDdrive, a DVD drive, etc.%{f and/ or tape drives, anong

ot hers. POWE3IPatiac prricaddbiderfifiqdradiasanplied Bf susparmeBdayf iuthsEN®Snt r ol of
an oper atl : : | ter program
i o S i it R S b T

pr ogr ansorgaeting rowtdes, pmcedlata nethadsi modides, ebects,Tind thohketae weflasgr am code
residing. in nenory and stored in the ness. storage device al so .includes

Cont rol " SgRam EUHE e s BeabR R oY S HraCEue B0 des

control giraNat fyds thdafeRtidBi!wigiin heyPide cBRbatkt &g .t SepitRisgfetbe driving
profiles. The Conputer program code typically conprises one or nore

i nst ruct lilpges, AAL's.aapplieasioinglempless; etgar it shenld bereppreciatad o the invrtiohat , when
read and, execulad DY Lhe DL OCEIR0N i AHRSR B, S0nL Qb LET, 1if, RELhonm the
steps necessary to0 execute Z’teps o et enent'’s é%B%&ylng € various

enbodi mendrsinand aspects of the invention. [0064]Various program code

descri bed herein may be identified based upon the application w thin which
it is inf®06dknt ddGi R Brogjsise pp plicraphsarapineal srpressatafipy ahthe opcratiphevde | | t
shoul d b Ha - [ fol | ows
s used ooy HGPECTR BlaoR oRELE et o RALAR REEAG lekifint PRE

i mted dothesrciodi@lsyn the spinydls@doiréfecred pphd drivel shaft) aelndairidrachnguidt or i npl i ed
by such naonenclature. Furthernore, given the typically endl ess nunber of
manners YAOWHTh conputer prograns may be organi zed into routines,

procedur P66 t h@@ﬁvreﬁ%@é ?(?Fl(ﬁ?jlg—clgsin v@ﬁ‘&l ﬁlt'berefér&ﬁ:e nﬁﬁwi@é 1lefe§'sto hi&@ vari ous

manners 1 n ich programfunctionality nmay be all ocated anobng vari ous
sof t war efehayesris FIGAt 1-42 end esicdenttnes with mn altéryyiveaimbodimpant ef thee. g. ,

Shour d DavEEPeR aa e Rar 2t sty ERBR 155 S PrAterRLAt FriteS shect f1 o
or gani zapdripheNY aBbhtakAplaRA 795, PERGRPHAF U5 ting Iﬁb@dﬁfohiﬁ fResqupbedcihehrel n.
[ 0065] FI 12 provides an alternative graphical representation of the

oper at i oplattee 7 shivweenfigured @ support Thy adergdOQdHIG hiowd he platenuitdeet thd watevol ut i ons
t he pl anet . for ms sed..on, t he 'ql ti.ons _in.the spi éa so referred
o ab drrvachant Pt ErR R El PR T B B GrbRl R By ence
to Fl GS. rid&-cha fridtivhiir&ducinighRatied BIE MR toetARF desceh@dladeat T50 drk €onnected

with the platform gears 740 through a meshing of the gear teeth. As the drive shaft 140

spins, the central gear 750 rotates and causes the platform gears 740 to rotate so that each

individual wafer platform 710 is spun about its central axis. Specifically, the central gear

750 transmits rotation of the drive shaft 140 as powered rotary motion to the platform
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features in FIGS. 1-12 and in accordance with an alternative enbodi nent of
the invention, a wafer carrier 720 includes a platen 715, wafer platforns
710 arramyocdoperscymer al | y about the platen 715, a centr &CTgsar1/03341 and

pl atform gears 740. Each wafer platform 710 is configured to support a
wafer 200 (FIG 1). The platen 715 of the wafer carrier 720 is seated over
the drive shaft 140, which is rotated by notor 120 (FIG 1), and rides on a

friction-reduci ng bearing 755. The teet f the centr ear . 750 are
connect e84 {1 Rt IsFRGTs Gast & B SHAPO gl SISQ0R 1) TR HLt gear t eet h
As the dgirdeosBaditerdQppoiiRtSo thBree8O bRlotARAO ARGIA®RA 31 $SIARD Ccauses the

platformgears 740 to rotate so that each individual wafer platform710 is
spun aboesuilibrgme stater edchaxdfer, pl@paoi Tilomikep a sitgde wanlutigh fgeaeryasgolbtiamsmi t s

rotation th riv haf t as powered-rotary notion tg the platform
gears 7ad s eOTt o nat ol RRPARESS I bR TR 08 36T or i 720
rotates tifcusfelich@aly ARribaten t@ih Bat MPHOWIth éhel shtivhig feldihgeahd on of rotation of
the platen 715. In an equilibriumstate, each wafer platform 710 nekes a

si ngl e reynieicatalhodistabaied teealy off the coHrabRearndOcent ral gear 750. Each of the

| atf . ‘ . ety . = but ed
Feot h t NPoTboh G tRT T b aar d e e ARl SF b ot SRR i e
teet h of oi the pteat 7H. yeaificdBQ.a kRO pbiat wabentepvathf achef thtGvdfave a

circul ar arrang7errent of positions or |ocations on the platen 715.

Speci f i cBIFIgTM/ Haney BhuEnsst AE st magerrat RHeAENC 6FCIE RaYRAREFIBT at f or s
710 may ?lethﬁgfa?éﬂgﬂg AR c%ﬂér.CEa{c‘BLUTftﬁer%Qféﬁgﬁffoﬂn{ ﬁf(ﬁirs% Ssceiihl € having a
center of t platen 715 as a center. Each of the wafer platforns 710 is

di sposedcampaatnemndal ofemilai7déheofioss mi thaplathinifdAsindmides on & féctiphatdurivd 5 and

rides on a friction-reducing bearing 765. .The wafer pl atfor 7 are disks
i o o Ttk afan BRe KERY RRms 210 TR witbwhae e ain iR 385 Rr gor

di anet er jjthate § RRinvai R of PAradd REMBer than HOPE8] Pikgohati®n 715 and the wafer
platforns 710 may be conprised of graphite. Fasteners 785, which may be

conpri sed068] a déeahiten Tt andithe warpsplatkorms 40 may dbe comerisddeof aarthital gear 750
to the pi:age@ri ARGl AL fn%&“ofeéerra%ﬁcomt Quibil $hal BRREH loue el

pl at f or m 710" Y0 Pheyre AOIRIESS 8 ¢ RELIARY Ut Y SR 88 B graphnite as a
st ruct ur énti@BEeRF 780 to me?&wmsmyl céh %laif@ﬂﬂn béarr7al id B eSpddiee pladiren 715, as
wel | as each wafer platform 710, at the fastener attachnent points of the

f ast ener Blattgm 7 Phagto thpielativersefiaesd apd settiegesrod eraphitpas 3 seygtaal wi t hi n
cavities S m i i | 0. pl atform
720, rhampiorah ey lrethiP BELBRT id RirkhRe Bl 115 A R R P 1 <
machi nabpletfoien 7 00,k thetflvtard adachpent prgnwiof khet thstedals 78mvVI nthasertd, dgirexded

mechani cal strength than graphite threads. The threading of fhe opening is
machi ned YT nEt A PescChie S c Bt Sah hiaprsiongan ﬂ{ﬂd&@@l}ﬂia& rm nol ogy
used_ her@icﬁ_v&a?ferf £tf&rﬂle7l@urﬂﬁstﬁregcfledqﬁ&?{s'ﬁb%y%réo 1s8d oS8 HARRE S only
and is not intended to be limting of the invention. As used herein, the

si ngul ar whshnsmielinablaw'foand thichédd epeeingrwiéndiechds bavimg h bihet meclphicabl f or ns

as well, unless the context clearly indicates otherwise. |t will be further
nder st oBtFiEReet AP EE Eeie o R gt SRt e Bisststiagd b wilsh e
thi's spegidddfidtdfons faseg&k 7§35t he presence of stated features, integers,
steps, operations, elenents, and/or conponents, but do not preclude the

pr esencel@@p9hddi Thotroinotnge used hayeia intdidhe prepesgrodslesaribingguartsculat eps,

oper ati ons | ement anponent and/.or. .groups .t her.eof , Furtherpmore, to
the ext enbediaphyqaBians g e G @A 1hgte R e qiBlbh A nRodhsosed

of ", or yagilantosms her enf aad etheSed ihtenddditb@iclddeahé pluad] f@ehsds Sadll, phlessn or t he
clains, such terns are intended to be inclusive in a manner simlar to the
t er m " copcPaEREleartygodioronrihertipte It ik Re fuHhenyadaseerd that the fseed by a

- -c ises” | comprising," when used in this specification, specify the presence o
descri ptiQf, ofeMALbRYSomprising,” when used in this specif pecify the p f

stated features, integers, steps, operations, elements, and/or components, but do not

preclude the presence or addition of one or more other features, integers, steps,
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enbodi nents and whil e these enbodi nents have been described in considerable
detail, it is not the intention of the applicant to restrict or in any way
limt thewecopelsed71t he appended clainms to such detail. ARdaiuscanab441

advant ages and nodifications will readily appear to those skilled in the
art. The invention in its broader aspects is therefore not limted to the
specific details, representative nethods, and illustrative exanples shown

and descri bed. A cording%é, de ar&ures naé»be d%}fron1su h detail s

Wi t hout CREPHISrig°PFEinCRECRH S if0Y/8F E98BDH C@Pf'gg‘ﬂﬂt CCRAE & GeREERI PRhvent i ve
concept . the s ilfdedtt, MREVihS?, “Has” AWK efcon@fokb 5T Qi vadiaRls Wi dftaye Of wafers,
the wafer carrier conprising: a platen with a plurality of conpartnents,

t he pl at eseddonitheydreeditaityddgscatptionbothe cdaifisy sich gpting arcaintended tobea plural ity
of mafer.ﬁiatforns e maferlgégtfoxns associated wth one of the

h of
Commar ¢ risRLENE 6 ThanRRSindly 28Rk PhoBb

Ute a respective second axis

rel ative[gooof he WeisP@etihveation ARasdeNstra ®ytahR s@ipioarnf aagodshe waf er
platforns rotate with different angular velocities to create planetary

not i on t febedieeniand while fipse gppedimesishiage begn depgihed in eopsidegabledeipitiisi ng: a
drive shaft: . . i (W e hLr.st gears
attachedgg%tgﬁén%?uﬁh@%%éagyﬁ%wggF%P%g%rghﬂﬁﬁwafﬁ&gt@%%%ﬁgogggr meshed with
each of #ppenddddiingeaksch delgl. Sedditichal edvanbebnahdmugifieatiodstwilltrdwelilglr i ve shaf t
to be rotated by the _drive shaft and transfer the rotation to the first

gears toRPAHSE BRRekeldd ibtharron N6 REOKAT Bt bigrdar perasts.1s therelatsdohar er
carrier fhied &) i SRl &l RerteligfvhBhba! Thd AR SATRKLRBRS hodh aPhi L €,

and further conprising: a p ality of readed 1 nserts carried by each of
t he waf eandodeatritmdnsyccamingly, departures may be made from such details without departing

from the spirit or scope of applicant’s general inventive concept.
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a plurality of fasteners used to secure one of the first gears with the

i nserts.
conpri se
claim?2

4. The wafer carrier of claim3 wherein the threaded i nse

rts are

awofonmisgiydenum or a nol ybdenum al l oy. 5. The wafaS2@alosdser of

wherein the platen is coupled with the drive shaft so that

rotation

of the drive shaft causes powered rotation of the platen about the first
axis. WD 2011/156371PCT/ US2011/039441 6. The wafer carrier of cla

further

conprising: a drive shaft coupled to the platen; and

pluralitﬁbof-beLt couplings, each of the belt couplings connecting

t he wafe
further
with the
each of

W3t StfdmRg ¥ o the drive shaft. 7. The wafer carrier of cla
conpri si ng: a drive shaft having an inner spindle con
pl aten and an outer spindle; a plurality of first ge
the fAnstfegmans fat 4 plohddy bbOweliees, dfe witer wuafi@rcoplpaitsingr ns; and

a platen with a plurality of compartments, the platen configured to rotate about a
first axis; and

a plurality of wafer platforms, each of the wafer platforms associated with one of
the compartments and configured to rotate about a respective second axis relative to the
respective compartment, and the platen and the wafer platforms rotate with different

angular velocities to create planetary motion therebetween.

2. The wafer carrier of claim 1 further comprising:

a drive shaft;

a plurality of first gears, each of the first gears attached to one of the wafer
platforms; and

a second gear meshed with each of the first gears, the second gear being coupled
with the drive shaft to be rotated by the drive shaft and transfer the rotation to the first

gears to cause powered rotation of the wafer platforms.

3. The wafer carrier of claim 2 wherein the wafer platforms are comprised of
graphite, and further comprising:
a plurality of threaded inserts carried by each of the wafer platforms; and

a plurality of fasteners used to secure one of the first gears with the inserts.

4. The wafer carrier of claim 3 wherein the threaded inserts are comprised of

molybdenum or a molybdenum alloy.

5. The wafer carrier of claim 2 wherein the platen is coupled with the drive shaft so

that rotation of the drive shaft causes powered rotation of the platen about the first axis.
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a second gear neshed with each of the first gears, the second gear
connected with the outer spindle. 8. The wafer carrier of claim7 wherein
t he secomogerr15631dri ven by the inner spindle to causePCcotuskélon3aft he
first gears. 9. The wafer carrier of claim7 wherein the first gears are
driven by the outer spindle to cause rotation of the first gears. 10. The
wafer carrier of claim1l further conprising: a plurality of

friction-redugjn eari.n ane of the friction-reducing bearings disposed
bet ween Bach. GRC TAET GHFEF IS bIHHAMER 1 ot en 110 The wafer carr: er

of claiml Mh@ﬂﬁb@ﬂkthgkﬁg%ﬁm@%@n&h%n@ﬁfer platforns are configured to
rotate at different angular velocities 12. The wafer carrier of claiml

wherein the c@pb%mﬁﬂeﬁb@t«nmbnasemmcﬁnmib@wmnmbegﬁnmn@nnghmepf&men. 13.

The waf er gar ¥0{ totﬁ 3l eséh\é{nerein the conpartnents are distributed on
t he platgﬁ iR 8% QSECORU concentric circul ar arrangenents of

different dianeters. WO 2011/156371PCT/U82011/039441 14. The wafer carrier
of claim1 further conprising a drive shaft coupled to the platen
and conf?gure@hqwaﬁ%ﬁﬁpér@%émﬁlbﬁ@ﬂwéﬁmﬁpm$m&t angul ar vel ocity,

a drive shaft having an inner spindle connected with the platen and an outer
spindle;

a plurality of first gears, each of the first gears attached to one of the wafer
platforms; and

a second gear meshed with each of the first gears, the second gear connected with

the outer spindle.

8. The wafer carrier of claim 7 wherein the second gear is driven by the inner

spindle to cause rotation of the first gears.

9. The wafer carrier of claim 7 wherein the first gears are driven by the outer spindle

to cause rotation of the first gears.

10. The wafer carrier of claim 1 further comprising:
a plurality of friction-reducing bearings, one of the friction-reducing bearings

disposed between each of the wafer platforms and the platen.

11. The wafer carrier of claim 1 wherein the platen and the wafer platforms are

configured to rotate at different angular velocities.

12. The wafer carrier of claim 1 wherein the compartments have a circular

arrangement on the platen.

13. The wafer carrier of claim 1 wherein the compartments are distributed on the

platen in first and second concentric circular arrangements of different diameters.
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wherein the wafer platforns are free of direct nechanical connections with
the drive shaft and rotation of the platen at the first angular velocity
causes frweuat#si7on of each wafer platformrelative toPChaSe@3pauti ve
conpartment at a second angul ar velocity. 15. A nethod of noving wafers in
a reactor, the nethod conprising: rotating a platen about a first axis of
rotation; and rotating each of a plurality of wafer platforns carried
in conpartnments on the platen and carrying the wafers about a respective
second axis of rotation and with a different angul ar velocity than the

pl aten t g creghewhtcapatiar ¥t K PRuiREESRSIMEEN. 16. The nethod of claim 15
wherein rotating each of the wafer platforns conprises: transferring torque

froma dri ve @ﬁlaffft shal cenplad ¢f the péatendrask copfigerfed tergotatg The pithten pea it of cl ai m
16 wherejn eﬁo Znsferrl ng torque conprises: spinning a first gear
connect e%fl&/ﬁrﬁ he'drive shaft at a first angul ar velocity to generate the

torque; and whereinttheRafe@pldtfgmt B ft@rdWderetteohbhiealldohfécti@fatvith@hed second
gear attached to each of the wafer platforns and thereby cause rotation of

t he waf edriys seft@pdgotatian ofthe pletanti dhedirsicangiulyy Yelogiesaises figserotatignof erri ng
torque Cé’a{Zﬁg&at?o 1at§o%mlélﬁ9e EJ‘&?&QX& velafd h) Pf{nhf'i‘t {t'arsééonﬁ%ﬂg{;]ﬁ{)e%&@g ity to

generate Ferri ue w bupl i ngs
fromthe drive shaft to each of the wafer pI atforns and thereby cause
rotation of the wafer platforns. WO 2011/156371PCT/ US2011/ 039441 19. The
met hod ofd-cl af‘rinet O%W@YIHW&{% iy reaHar phemeiod SBWPIitIAg first axis of

rotation Conpfdta?ﬁ% a platen about a first axis of rotation; and
rotating each of a plurality of wafer platforms carried in compartments on the
platen and carrying the wafers about a respective second axis of rotation and with a

different angular velocity than the platen to create planetary motion therebetween.

16. The method of claim 15 wherein rotating each of the wafer platforms comprises:

transferring torque from a drive shaft to each of the wafer platforms.

17. The method of claim 16 wherein the transferring torque comprises:

spinning a first gear connected with the drive shaft at a first angular velocity to
generate the torque; and

transferring the torque from the first gear to a second gear attached to each of the

wafer platforms and thereby cause rotation of the wafer platforms.

18. The method of claim 16 wherein the transferring torque comprises:
spinning the drive shaft at a first angular velocity to generate the torque; and
transferring the torque with belt couplings from the drive shaft to each of the

wafer platforms and thereby cause rotation of the wafer platforms.
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transferring torque fromthe drive shaft to the platen to cause rotation
about the first axis at a first angular velocity, wherei n the wafer

pl at f or mewanre1frsex1of direct mechani cal connections w t iRCThES2@inioss4shaf t
and rotation of the platen at the first angular velocity causes free
rotation of each wafer platformrelative to the respective conpartnment at a
second angul ar velocity. 20. The nmethod of claim 16 further conprising:

il ol anEnguL e Yol o0 LYol e, S Ve Ra bt 40 8, L mvarlng
pl at f or Ngomprises:
transferring torque from the drive shaft to the platen to cause rotation about the
first axis at a first angular velocity,
wherein the wafer platforms are free of direct mechanical connections with the
drive shaft and rotation of the platen at the first angular velocity causes free rotation of

each wafer platform relative to the respective compartment at a second angular velocity.
20. The method of claim 16 further comprising:

modulating an angular velocity of the drive shaft with a time-varying profile for

the different angular velocities of the platen and the wafer platforms.
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