SYSTEMS AND METHODS FOR WVEI GHI NG A PULLED OBJECT FI ELD OF THE DI SCLOSURE
[0001] The field of the disclosure relates generally to systens and net hods
for measuwDnrgiovhesowei ght of an object connected to a calpCe/usealo/onswps
specifically, to systens for nmeasuring the force required to pull the

obj ect. BACKGROUND [ 0002] This section is intended to introduce the reader
to various aspects of art that may be related to various aspects of the

present i NSYHTEMS ANDWVIEFHODS FOR WEHIGHING AFELIED OBUBCET Thi s
di scussion is believed to be helpful in providing the reader with

background information to facilitate a better understanding of the various
aspects of the present invention. Accordingly, it should be understood that

these stat BreAd HlE RISGAONEH: in this light, and not as adm ssions of

prior art. [0003] In previous systens, an object is weighed by attaching

the object to a fir F(fOO‘?PdT‘HQ iRl A EdisdIBGurE AP Es %e?leﬂiﬂklltggyéﬂ&ﬂ@&& by routing
the cable over a pull ' h | e afound a drumdriven by

ey and then w apping the ca
a drive. Wethodslfdraycaseringihpevetdd of pmabjact coanecatesl to.a cBhls andi mhte of t he obj ect
is determ ned. b nal yzing the forc lied.to th oad. cell by the
oul 1oy 1 iPeHsaty 0 St hramanufiecBe BH8: HEVEt P Ty BRe Cabi i 5 squal to
sone nultiple of the weight of the object. [0004] Accurately neasuring the
wei ght of BATKGRETINBUspended froma cable is useful in a variety of

applications. One exanple is silicon ingot growth operations, where a

growing silicon ingot is |l ed upward froma crucible of nolten silicon.
The di aneter of thel408¢i o%ﬂmse@w ig interdse 19 HYduetha §eagebiRny28Pusiny i nst ant

may be deteymaed  bRs oy LRI IEEdasp Rt he HRAMSRANELRL, and
growt h ve%ﬁ%??tsy of Qﬁe iynggt. Wu@I e tlﬁgsgenf?tyeg‘%d gr owttﬁ Vlgﬁ{]%CI}ty of the
i ngot ar earcaksiribed ded/er ofinmadal eldve. Ahbididouskegr isbeliévedde be badpful ithe rat e of

change of vveib(sht of the i i ot .measurable with a high eno%ﬂh degree

ot, I's
of accur aBSPVIfngheyFHsiaE Wy T oyl AL RO, S B @ BT PHISTSET R of tho

i ngot di agetheNaridiieashERESEBRE plRQR G RAGLES ABEorBINEN AUR0TIALE andRABHY eMENt
systens descri bed above thus render themill-surted fordeterm ning the

di anet er dfat thepy olicmgnisiatd toda reagotthis dighid anhnetise adeisgions of ptidreari. ngot .
[0003] In previous systems, an object is weighed by attaching the
object to a first end of a cable. The cable is pulled upward by routing the cable over a
pulley and then wrapping the cable around a drum driven by a drive. The pulley is
suspended from a load cell. The weight of the object is determined by analyzing the
force applied to the load cell by the pulley. In theory, the force exerted on the pulley
by the cable is equal to some multiple of the weight of the object.

[0004] Accurately measuring the weight of an object suspended from
a cable is useful in a variety of applications. One example is silicon ingot growth
operations, where a growing silicon ingot is pulled upward from a crucible of molten
silicon. The diameter of the region of the silicon ingot being grown at any instant
may be determined based on the density, rate of change of weight, and growth
velocity of the ingot. While the density and growth velocity of the ingot are readily
determinable to a high degree of accuracy, the rate of change of weight of the ingot is
not measurable with a high enough degree of accuracy by previous systems to ensure
a correct determination of the ingot diameter. The inherent inaccuracies of previous

force measurement systems described above thus render them ill-suited for



Known systens therefore utilize nore costly and | ess accurate systens for
determ ning the dianmeter of the growing silicon ingot. [0005] Moreover,
orbi tal awmad/20ro/pesedul ar notion of the cable can affect wrhe/tmaw0nes00 force
exerted on the load cell by the cable2and thus affect the force
measurenent. Orbital and/or pendul ar notion of the cable can al so prevent
the ingot fromgrowing in a straight direction and restrict the rate at

whi ch t hedéteg@hingaie BRmeed aF & drovidib EificSUMMBRYasE D8R Bc VAIghtaTRRCIngbS an
apparatus for neasuring the weight of an object while pul I ing the object

upwar d. TK@O@(p;ﬁﬁ&t@m&ﬂle&fm@mH&l@@ Mer¢ eQpths andlashacarafe psiarel folxi s and a
horlzontahmgﬁ+ﬁg%tF§dﬁ e&ﬁ%? ei%b@n%%ﬁﬁJh?ﬂ(ﬁo an axi s al ong which the
ax e

obj ect is pu I zon I'n orthogonal to the vertica
axis. A cable is connect ed to the object. Afirst cylinder is rotatably
nount ed on the f r amp0086d Morhmtorhitqicand/bopemiﬁllatrIrt&)t'malnifﬂleeuagbgmﬁ a surface

of the fir | i nder. _.A second e ed on the frame
and at |ed ?C &Yepadwnaﬁf B)r’fcqffi@rte%%/ g%@f‘é@byat%e se d fis pHEetdat ond

cyl i nder. glbemealk&nddt avebital @ﬁ@ﬂgp@ldﬁﬁphﬁ)tlgﬁbht@%%%ﬁn LRE ptdvkstney! i nder
and the second cylinder. An armhas a first end and a second end, the first

end coupl egot Homtgroemgtin engaight dihestibn ankreamt theeatsat whithalyd ingdesanand t he
second eng C q:%ed to the first cylinder. The arm has a |ongitudinal axis
subst ant i ?f@ g'ral lel to the cable path and connecting the first and
second ends, wherein the armsubstantially restrains the first cylinder
from novepRIEF gamaMisgtyt o the horizontal axis. A force neasurenent device
is provided for neasuring the weight of the object. The force neasurement

device coupled to the first cylinder. [0007]. Another aspect is a pulling
system for measuri nfP0%R! aﬁ)@ﬁﬁﬁpe@fﬁ@ﬁl@@pﬁ%@f@féae%saﬂwhleVéﬁagleféet across a

surface. Jpgcauhild ﬂlﬂh@/ﬁ%%ﬂ}&%*&e?h@aﬁ aPdths al?rﬁgs Qﬁfah{e%tavﬁ 5 and a

second axis, the first"axis p n axi s ong which t obj ect is
pul | ed, t hetisdaascndxil®rizentagaxas, throgotial atie paﬂaﬁelfto rastaxmmilcmg whhiclatilee i s

couPl e L% R0k e PG B Sat 0 B TOHR! A e e

cylinder. csmee@mstheXbidfex firs cylinder is rotatably rnounted on the frame and at
least a portion of the cable engages a surface of the first cylinder. A second cylinder
is rotatably mounted on the frame and at least a portion of the cable engages a surface
of the second cylinder. The cable travels along a cable path between the first cylinder
and the second cylinder. An arm has a first end and a second end, the first end
coupled to at least one of the frame and the second cylinder and the second end
coupled to the first cylinder. The arm has a longitudinal axis substantially parallel to
the cable path and connecting the first and second ends, wherein the arm substantially
restrains the first cylinder from movement parallel to the horizontal axis. A force
measurement device is provided for measuring the weight of the object. The force

measurement device coupled to the first cylinder.

[0007] Another aspect is a pulling system for measuring an amount
of force required to pull an object across a surface. The pulling system comprises a
frame having a first axis and a second axis, the first axis parallel to an axis along
which the object is pulled, the second axis being orthogonal to the first axis. A cable
is coupled to the object. A first cylinder is rotatably coupled to the frame and at least



rotatably coupled to the frane and at | east a portion of the cable engages
a surface of the second cylinder. The cable travels along a cable path

bet ween twe 2biwnteoeyl i nder and t he second cylinder. An &cmiusasiom2§ops st end
and a second end, the first end couplé&d to the frame and the second end
coupled to the first cylinder. The arm has a |ongitudi nal axis
substantially parallel to the cable path and connecting the first and

second engd$portidnfoPliicecabRamidh SR Blsudgoel Fehd HrsPEaiideie dA kedonaR Sty R t he
anount of force rg@glred to pull the object, the force neasurenent device

coupl ed t tetalyfcpprled twﬂhierﬁ@éwanp@e@ayt am%‘th’ib@f the pelde cngages EpyrEacall gr owi ng
appar at us 4f.qf, c&ﬁoyslﬁalerm%'ﬂ%%@%ﬁéwv&% %% chﬁg{ﬂafhnt%% on O Rt LYRiRE 97 oW ng

apparatus conpris a cruciblein rame contai ni ng en silicon

and a pul hﬁtthfe@écq@dlcbzlimg:raAgrammhag aifitg@id updhasetohd @nd, ttheﬁfmbﬁdan silicon.

The pul | er |ncludes a frame having a vertical axis ﬁ@f a horlzontal axi s,
G

the verti eeupledtodhe,fpme pad thegeegndsod souplehtp thailes cyhedsgr SWF Agh htvgot i s
pul | ed, [ﬁgne&l ZoRiAup@thiul ggiame% tﬁé)sm@{oatggga B&nnkefild ﬁ@lﬁlraxdhé A cabl e

is couple e grow ng In first r is rotatably coupled to
t he franesmmndbmﬁsu%ﬁnpammamumnmnﬂheceabﬂewéﬂg@gnmgaan@ﬁh¢amomuof

circunferenti al su fac I|nder The first c

cuS pended BHOmILTHLGET Ba RS e ResToRe g g CRYRFAGRAE RS of at abl y
coupl ed t@ﬂhﬂ@nfrane, at least a portion of the cable engaging an outer
circunferential surface of the second cylinder. An armhas a first end and
a second end, the first end coupled to the frame and the second end coupl ed
to the first cylindEl008TThénather hwpsctds emgial gaiviag appargus s erawingal |y

paral | el }n%ngéc])&nstgﬁ fﬂ%fflkné%(s, th%fc&s?eﬁ §MV%E§ B[gaqgtgg Lorégr?stepgr r&‘?tﬁg ﬁ} is a

met hod for gr rises pul

grow ng i t}g&tanntsfomgm&amatgl Iﬁolwfis&lﬁldjnmd(a\{ﬁlﬂleﬁfofr pﬁﬁihg@)@rd)\nﬁhgrmgdthe cabl e
ext endi ng al on flrst aX|s fromthe growing ingot to one portion of the
first cyl ppwﬁi%am shlgcont dmg P&”@é&%‘ﬁéﬁ%ﬁ@%h@‘ﬁ%%H%ﬂ“cﬁl&xﬂsne first

est rai ni ha LR rREEkE e% ol B PR B o
usi ng an argot Baguiled) the ]fl(br[zS)htada axis being orthogonal to the vertical axis. A cable is

coupled to the growing ingot. A first cylinder is rotatably coupled to the frame, at

least a portion of the cable engaging an outer circumferential surface of the first

cylinder. The first cylinder is suspended from a force measurement device. A second

cylinder is rotatably coupled to the frame, at least a portion of the cable engaging an

outer circumferential surface of the second cylinder. An arm has a first end and a

second end, the first end coupled to the frame and the second end coupled to the first

cylinder. The arm has a longitudinal axis substantially parallel to the horizontal axis

of the frame.

[0009] Another aspect is a method for growing a silicon ingot. The
method comprises pulling the growing ingot using a cable extending over a first
cylinder, the cable extending along a first axis from the growing ingot to one portion
of the first cylinder and extending along a second axis orthogonal to the first axis
from another portion of the first cylinder. The method includes restraining the first
cylinder from movement parallel to the second axis using an arm having a first end
and a second end, the second end of the arm coupled to the first cylinder and the first

end coupled to a frame. The weight of the growing ingot is then measured.



and a second end, the second end of the armcoupled to the first cylinder
and the first end coupled to a frane. The weight of the growing ingot is
t hen nmeaswoed1f0@bd] Anot her aspect is a nethod for groRCHGIS2010/028093
nmonocrystalline silicon ingot. The net#hod conprises pulling the grow ng
ingot froma crucible of nolten silicon along a first axis using a cable,
the cabl e extending over a first cylinder rotatable about a center axis,

the cabl e extendi ng[g10Ng Atnbehck hipstt g% infetRddOfdy RAVIAE R iodBcHbtallive fi rst
cylinder and extending along a second axis from anot her portion of the

first cyl bitiger ingghel heenetbed Peraplige subliag thograming et fFom scrugjhle afler from
novenment I i,S.. WM.t r A ] . and a
second eniiEhefical AoheE (RS SRTHAY'Ceablc, heTInBMNRAL G it e

cyl i nder, rdtireblarabowtiaspasedxipahatdtdd ettondihgalsrg drediraidxss frdh@napobgioh of t he
growi ng ingot is then nmeasured. [001 1] Another aspect is.a nethod for

pul I'i ng aﬂfg ngjﬁé%ttCYU‘b%élaHd extRRdIAR 1088 2T BTN RN9tAY ROFEOTH ti}%t upwar d

using a c R‘ltfé%liﬁ(féﬁ SRPLE Y AT .egges(gr\éﬁlritfgathfei i szctccgﬁﬂ(&eir RG] mot«%\ﬁ?ﬁti rst

cylinder having an outer circunterential” sur wherein p Ing the
obj ect upparlelitotheusdesnd aiiswiily ah en havisg adiystiendend whédoed erdtthasabnd) t he

cabl e from pove t Wwth respe to the first cylinder, T abl e further
extends ofdl CHPLEOBARF I AdaY thefGssadai: By erhdioraasy A Bt er

ci rcunf er gnbh@hxisUTh@GRi bpﬂﬁetgrtﬁmﬁgmg%t%%h@m&éaﬁk&lng the second axis. The
cable travels along a cable path between an uppernost portion of each of

the outer circunferential portions of the first cylinder and the second
cylinder. The net hotPGlAL| daether aspeetds aintrhadier pullisg ar phicaidew#d.ofhérovenment

Phe 1 rst oHireE e ARk 8t pRBLALR 19K U3afe  hESIER AR B0 o o

at | east angcolindechehstisoodimlyt havdgs arosuter difcanerediig swda@hivhekint he object is
then nmeasured with a force nmeasurenent device, [0012] Still another aspect

i s an appArdingshadicdranyaidiingludaaainmizghe et celindshyvade raprinme he F3lgy t he

obj ect up r ] . r Vi Keal, axis and a
hori zont a gﬂPg;Qﬁﬁgﬂggfgﬁggvﬁg@?ghggﬁgﬁfé{ﬂ%%mgﬁf%@?g@g#%ﬁ%b&ﬂﬁbh t he

obj ect i ssqohd eyindehehd@corbeytlaldcabxivengoai mugerantchmdioro@tial swrfideevhier t i cal

g)éi,]?] écﬁegﬁkglcﬁpl%%g?e:ngg%ltog% hlggpgob.dea%sﬁ ﬁlefciaﬁlsettragglls iaPoCIilegra ciaglerp%%ha‘})eatvl?zle n
an uppermost portion of each of the outer circumferential portions of the first cylinder
and the second cylinder. The method includes restraining the first cylinder from
movement parallel to the cable path with an arm having a first end and a second end,
the first end coupled to the first cylinder and the second end coupled to at least one of

the second cylinder or a frame. The weight of the object is then measured with a

force measurement device.

[0012] Still another aspect is an apparatus for measuring the weight
of an object while pulling the object upward. The apparatus comprises a frame
having a vertical axis and a horizontal axis, the vertical axis parallel to an axis along
which the object is pulled, the horizontal axis being orthogonal to the vertical axis. A
cable coupled to the object. A first cylinder is rotatably connected to the frame and at
least a portion of the cable engages a surface of the first cylinder. A second cylinder
is rotatably connected to the frame and at least a portion of the cable engages a
surface of the second cylinder. An upper arm has a first end, a second end and the

upper arm is coupled to the frame. A lower arm is coupled at one end to the first



| east a portion of the cable engages a surface of the first cylinder. A
second cylinder is rotatably connected to the frame and at | east a portion
of the caWbeosvgages a surface of the second cylinder. ROTOSPE0/028093 has a
first end, a second end and the upperSarmis coupled to the frane. A | ower
armis coupled at one end to the firstcylinder and at another end to the
frame. An actuator is coupled to the upper arm A force neasurenent device

nmeasur es tflehdeei@idt aabthbhendabjtiectramd NAnfacfue®r ERSPIaNS e PPVl 4.4 coupl ed
to the first cylinder. The actuator is operable to |ower and raise the

force neafupemepturerecst device measuressthe wigighhabthe ohisgt. t e foeceamseigmcnader . The

| oner ar I rai: t I ] r paral | el
to the hots oot Spoud o't 3 shlitfe o bl SYPLAGE o I AP ARYANER, PRCT
measur i ngfdrbememugdrhenddedte, ol 86t cylhidee apdithei sagoridrogliaddre The pwaragm The
apparatus conprises a frane having a vertical axis ﬂnd a_horizontal axis,
the verti sulstaaliplly geairains the firg cyfindseifeony mongmghinafrlichte e pedeontad axis | ed, t he
hori zontal axis being orthogonal to the vertical axis. A cable is coupled

to the object. A m[ﬂﬂlbpgsﬁﬁr&%ﬂhepﬁﬁeé id %pa?a@ﬁstfiopﬂleaﬁﬁiin RhdPight section.
The nounting nmenber 1s pivotably coupled at the | ower section to the frane.

A first cyfamelgectivéhlgipubing théebjtetampeyaachdTla afiperatis anpuised oframe t he cabl e
engages a, surface of, the first.cyljnder, A second cylinder is within the
Frans anahaiing BSEHRH dEvpianerStnL RS aglgRe ritlElPRa Bk cecond
cyl i nder. wARthURPEHjc@li SIS, theltobisdntEINGkiAhgh LosIRpens 16k vitkal Bes uaper arm
is coupled to the nounting nenber. A lower armis coupled at one end to the

first cyl Faders canpleato Bisobivst Ampungng menfbephes a lapcrsection end puYpRerfirst end
and a sec n fir nd. i t e ti and t he
Second endhoric s hiinbd SRRt volP bl YioMRL R OR Y finc

measur enent fildessiliddenie agthirethe tienoweidghtcagfa fdreor0bf 6 tabld begaees £ measur enent
device is cqupled to the first cylinder at a first end and to the second

end of thaurfaspef therfirstgyligdare dorrgorthaylinreisyethiaths frane yikdtdgpea t o rai se and
I th : e . _ :
O o e PhRE B TRARHICRHENedRUHES: of RO LLAPLRNLE DA Lond iinte, Secon

cyl i nder. aspect 1s an ar at us neasuring the
wei ght of fiest enbjretd sashind endparld thegppdraroy enipladpaaicdmotiimgappabat Us

compr | S5, 8 PULLEr L2l BULLLD%: LNE. BB E6iiael ) RUBDEL: SEL R, 7 2 and
An actuator has a first end and a second end, the first end is coupled to the mounting
member and the second end is coupled to the first end of the upper arm. A force
measurement device measures the weight of the object. The force measurement
device is coupled to the first cylinder at a first end and to the second end of the upper

arm at a second end. The actuator is operable to raise and lower the force

measurement device, the first cylinder, and the second cylinder.

[0014] Still another aspect is an apparatus for measuring the weight
of an object while pulling the object upward. The apparatus comprises a puller for
pulling the object. The puller includes a frame and a cable coupled to the object. A
first cylinder is rotatably coupled to the frame and at least a portion of the cable
engages the first cylinder. A second cylinder is rotatably coupled to the frame and at
least a portion of the cable engages the second cylinder. An arm has a longitudinal
axis connecting a first end and a second end. The first end is coupled to the frame and
the second end is coupled to the first cylinder. The longitudinal axis is substantially

parallel to a path travelled by the cable between the first cylinder and the second



first cylinder is rotatably coupled to the franme and at |east a portion of
the cabl e engages the first cylinder. A second cylinder is rotatably

coupl ed twothw/fir@me and at | east a portion of the cabl eCenisages280be second
cylinder. An armhas a longitudinal a%is connecting a first end and a
second end. The first end is coupled to the frame and the second end is
coupled to the first cylinder. The longitudinal axis is substantially

paral | el t@iicparh attiaéehisedfiRyedddealtendeidmenhd gt Ehd &uplltb ager and
t he secondcylinder. An actuator has a first end and a second end and the

first endffeBgplel@reconedsereneahaevige fopmeasuiesatbemeiabh ol tewbiest. f b frgsur es t he
wei ght of _t | . The F i j e first
cyl i nder g}f@%ﬂ%ﬂtﬁ@ %‘élﬁ%j-ﬁacr?g‘g{eg%? F@a@g{:%ﬁﬁa%nagg\ﬁfr&% Hgﬁgﬁb&g{a 2%0%1? ef%l&]second
end. The afthyattntor st Dpeomberl. tThe @natorancparails & oher it &ecneafuce ment

device and the first cylinder, The armsubstantially restrains_the first
cyl i nder FICBHIGRBSHBSHCS pag theifipt ayfndgte Tﬁeﬁgnﬁwt%&ﬁﬁmsgalaﬁ thef@starm [ 0015]

various refii RRIRBSmEWniing gzraﬂmo P%%Héiﬁﬁnr{a%ﬁg of thelaghation to the
above-nment1oned aspects. Further features may al so be I ncorporated in the
abovenenti oned aspects as well. These refinenents and additional features

may exi st indivi dualQ0}i5br Manowswefipombits axisoof. thétoaturesstadercia, rehation tous
features di scussed pbelaow in.rel atio 0 an f the illustrated enbodi nents
e e BT REat sy Stk rah it b Bebmadtd B REERE o o
any conbi RRhiisibd BBHR e asRESCRITRTE finehedtshn PRAWIHED (E086hallcaidre 1 is a

partially schematic side el evation view of a crystal pulli ng machi ne havi ng
a bushi ngingividerlyeaniioannearebipption. Jior tnsemse.orriowelcatietsidiwupcokelovainay t o
show det alia;d 3044 o84 Guascd Sofba i A8¢I 0L FRGIRIEEH;SEEL QY1 ew of the
crystal puei?lng rathi ne o Igure show n he - BUS I'ng. 0 Figure 3 1is
an enl ar gebweidyeritfedasppdtsd elobeishinngy cotdhiatigncarri er, and adj ustabl e
support plate of the bushing of Figure 2. [0019] Figure 4 is a
cross-section view taken iéig’ﬁt he pl ane of the line 4-4 of Figure 2.

[ 0020] Fi EB‘#%F DESCRIPLQY % aken al ong the plane of line
[0016] Figure 1 is a partially schematic side elevation view of a
crystal pulling machine having a bushing of one embodiment with portions of the

machine broken away to show detail.

[0017] Figure 2 is an enlarged fragmented section view of the crystal

pulling machine of Figure 1 showing the bushing.

[0018] Figure 3 is an enlarged view of a guide bushing, bushing
carrier, and adjustable support plate of the bushing of Figure 2.

[0019] Figure 4 is a cross-section view taken along the plane of the

line 4-4 of Figure 2.

[0020] Figure 5 is a cross-section view taken along the plane of line
5-5 of Figure 2 schematically showing the first and second position sensors for

sensing the position of the pull cable.

[0021] Figure 6 is an enlarged front elevation view of a first masked

photodiode assembly of the first position sensor of Figure 5.



5-5 of Figure 2 schematically show ng the first and second position sensors
for sensing the position of the pull cable. [0021] Figure 6 is an enl arged
front el ewatzommivéoew of a first masked phot odi ode assenpCy/uskomioesods r st
position sensor of Figure 5.[0022] Figure 7 is a displacenment vs. tine
graph representing danpening of a pull cable. [0023] Figure 8 is a section
viewsimlar to Figure 4 of a second enbodi nent of a bushing. [0024] Figure

9 is a cross-secti o[O2REWFiKEN id @i@lﬂa&éﬁ@en@k@ﬁ!ﬁmﬁéwﬂ)ﬁ rée@ingf Figure 8.

[0025] Figure 10 is a Eerspectlve view of a third enbodi mrent of a bushi ng.
[0026] Fi a@memqg@fsawl ¢a94%- section vi ew taken al ong the plane of line 11-1
1 of Figure 10. [0027] Figure 12 is a cross-section view taken along the

pl ane of line 12-12 i . E i .ally
schematic vi ew of a[@?ﬁgr 9%%%%3%%? QérELlae@b%ﬂéE?rnté%dr?ﬁfrggé édf)lgsi tion.
[ 0029] Fi gmbedifi®Bt ofsa tauspangt i al | y schematic view of the bushing of Figure

13A in a second position. [0030] Figure 14 is a partially schematic view of
a crystal puller in ing.a growi ng silij.con. ingot and | 1 syst em of
one. sbodi fent - {00t Bisfe®) &' Sdsiicati e Einalit Ba b P BrS b Fpur o
14. [0032)h-Fdays@cX6 is a view like Figure 15 but show ng anot her

enbodi nent of a pulling system [0033] Figure 17 is a view |like Figure 16
but showing still another enbodinent. [0034] Figure 18A is a side view of a
portion of an exanpl®28hbFegust 1Q iser prusncEtieg §9w e mtliobashodinguiraf a18B is a

cr OSS-SGC{,{'IS%ﬂlg\_/i ew of Figure 18A along the

[0026] Figure 11 is a cross-section view taken along the plane of line

11-11 of Figure 10.

[0027] Figure 12 is a cross-section view taken along the plane of line

12-12 of Figure 11.

[0028] Figure 13A is a partially schematic view of another

embodiment of a bushing in a first position.

[0029] Figure 13B is a partially schematic view of the bushing of

Figure 13A in a second position.

[0030] Figure 14 is a partially schematic view of a crystal puller

including a growing silicon ingot and a pulling system of one embodiment.
[0031] Figure 15 is an enlarged view of a portion of Figure 14.

[0032] Figure 16 is a view like Figure 15 but showing another

embodiment of a pulling system.

[0033] Figure 17 is a view like Figure 16 but showing still another

embodiment.

[0034] Figure 18A is a side view of a portion of an example cable of

the pulling system.



18B-18B line. [0036] Figure 19 is a schematic view of a |oad cell,
processor, and control system [0037] Figure 20 is a side view of another
enbodi nerwoab1oaipah | i ng system [0038] Figure 21 is a sipde/ust@woedoonnot her
enbodi ment of a pulling system [00393 Figure 22 is a side view of another
enbodi mrent of a pulling system [0040] Figure 23 is a side view of another
enbodi nent of a pulling systemin an initial position. [004 1] Figure 24 is

a side view of anot [@35eMPQRirdesB isf crassPasclibm gieSyoFtFRFIre M8 Anldii thé al
position. [0042] Figure 25A is a side view of another enbodi nent of a

pul I i ng sy8BdidBilican initial position. [0043] Figure 25B is a cross-section
taken in the plane of 25B-25B of Figure 25A. [0044] Figure 26 is a side

vi ew of anot her _embagsgntl. fo Ul chfla Y SbE U lobdiNplbbaloPasi ti on.

[0045] Figure 27A [ |em10f anot her enmpodi ment a pu |ng system
i n an initemtol ppsérhi on. [ 0046] Figure 27B is a side view of the pulling
system of Figure 27A in an upper position.[0047] Figure 27C is a side view

of the pulling syst L gur 27A n.a l 03|t|on 048],. Figure 28
"5 i e vi ow of - alBbRb: Fislisodh Rerddrity SaronRaalBimio aaling ) a

posi tion. s§QQd9] Figure 29A is a side view of an enbodi ment of a danpening
pulling systemin an initial position.

[0038] Figure 21 is a side view of another embodiment of a pulling

System.

[0039] Figure 22 is a side view of another embodiment of a pulling

System.

[0040] Figure 23 is a side view of another embodiment of a pulling

system in an initial position.

[0041] Figure 24 is a side view of another embodiment of a pulling

system in an initial position.

[0042] Figure 25A is a side view of another embodiment of a pulling

system in an initial position.

[0043] Figure 25B is a cross-section taken in the plane of 25B-25B
of Figure 25A.

[0044] Figure 26 is a side view of another embodiment of a pulling

system in an initial position.

[0045] Figure 27A is a side view of another embodiment of a pulling

system in an initial position.

[0046] Figure 27B is a side view of the pulling system of Figure 27A

in an upper position.



[ 0050] Figure 29B is a cross-section taken in the plane of 29B-29B of
Figure 29A. [005 1] Figure 30 is a side view of another enbodi nent of a
danmpeni ngwvpubloingeosystemin an initial position. [0052] PErgise@o®18003 a si de
vi ew of anot her enbodi ment of a danpefing pulling systemin an initial
position. [0053] Figure 32 is a flow diagram of a nethod for danpening
pendul ar notion of a pull cable. [0054] Figure 33 is a partially schematic

view of a pulling sysuem plgan2Ideya GoOWEhe pUDETAsER BESCRIZTAON [ 0055]
Referring now to the draw ngs, and an enbodi nent shown in Figures 1 and 2,
a cryst al ipulomeagosidehi ne of the type which produces monocrystals by the
Czochral ski nmethod is indicated in its entirety by the reference nuneral

20. The crystal puIHk&g]gﬁgﬁ%@ggggl$@§%ggqﬁa ,g&gﬁﬁ&xﬁg lggpﬁgl erally

i ndi cated at 22, an n ate pulling cha genera ated 24,
above t hesgtamitharchénmbeositidn.pul | cable 26 extends froma crystal lifting
mechani sm generally indicated at 28, which operates |like a winch to
selectively reel in | et ou he | 1. cabl e. The.crystal, |lifting
rechant sm 58 s enclBA8k Bied peb & nGtoueRi isaturitint O S thabetyet a
lifting npeifapkpdmm $n &PHRELPosiRod.ne housing 29. The crystal lifting
mechani sm 28 1s” securely nounted on a plate 30 which is secured to the top
of and rotates with arotatable shaft 32 (or suEport . The shaft 32 is
coupl ed to the pul | [(HFOth&HEves 2Y is4 gosmiocten wkeptrthpglangaf 2#g0Be 2) and
may be r o} Ak rgfi@live to the pulling chanber by a suitable notor (not
shown) for rétation of the shaft, plate, and crystal lifting nechani sm 28
about a generally vertical axis Zi (Figure 1). In this enbodinent, a
hi gh-integrity rotaf00sd] v&auuend®sa sid&bviewiofuneth) cnisodivatweén t he shaft 32
and pulligg chanber 24 for sealing against fluid | eakage. [0056] A crucible
38 in the ﬁ@EWW?gEﬂ%ﬂ%@@“ﬁ@“b%h@&@ﬁpgﬁnﬁ%Iten crystal source material M
(e.g., high-purity silicon) is held by a cup-shaped turntable

[0052] Figure 31 is a side view of another embodiment of a

dampening pulling system in an initial position.

[0053] Figure 32 is a flow diagram of a method for dampening

pendular motion of a pull cable.

[0054] Figure 33 is a partially schematic view of a pulling system of

another embodiment.
DETAILED DESCRIPTION

[0055] Referring now to the drawings, and an embodiment shown in
Figures 1 and 2, a crystal pulling machine of the type which produces monocrystals
by the Czochralski method is indicated in its entirety by the reference numeral 20.
The crystal pulling machine 20 includes a growth chamber, generally indicated at 22,
and an elongate pulling chamber, generally indicated 24, above the growth chamber.
A pull cable 26 extends from a crystal lifting mechanism, generally indicated at 28,
which operates like a winch to selectively reel in and let out the pull cable. The
crystal lifting mechanism 28 is enclosed by a housing 29 and the winch of the crystal
lifting mechanism is coupled to the housing 29. The crystal lifting mechanism 28 is

securely mounted on a plate 30 which is secured to the top of and rotates with a



40 for rotation on a turntable shaft 42 extending fromthe turntable. A
suitable notor (not shown) rotates the turntable shaft 42, turntable 40,
and cruciwbeoBBiladwout an axis which is collinear wth tireTSRA0O2809RXi S Z

(i.e., the axis of rotation of the cristal lifting nechanism. During the
crystal grow ng process, the turntable 40 and crucible 38 may be rotated in
the opposite direction of (i.e., counter-rotated wth) the shaft 32, plate

30, and crotsthile shaft 82 g s U%f&»%n ThEsR4F 31 Q%ﬁ;})le@w th@@utlﬂl@ chhdBErdl4 @h oW Ng
process, a seed crystal ure 1% is held at the | ower end of the pul
€

cabl e 26 itble @é@ﬂg&:%@kglﬂ6 2) qxrdem@y rasated gRatiigdo phe pulléngthanber by e
count er - r Eﬁ"ta%‘ﬂe 1%8@5&&‘% sR&§ f%f Y@é]t ‘Hhé alahom{e Q?d {l&gﬂﬁgﬂh ct with the

nmol ten si |con i n crucl he seed ¢ ns to nelt, it
i s sl ow ymsthdnihnadg albcmmgtehaanjawmaalsmisl Z;lc(ﬁlg\ureall He ticik yﬁlbadhrﬂenf tai ng
nechanlsn1§§and starts to grow, icon fromthe nelt to forma

tl

cryst al niggrity I9HEEE VACLtuabseab%@ (Fd&ur8f2) tsrkehﬁ%ﬂni the ghadhdg e PBling onpr i ses
a positio i bushi ng generally indicated at 52 in
ST i08 SR LGD, e g -

Figure 2. ushlng 5 actively danmpeni ng pendul ar notion
of the pull cable 26 during the crystal grow ng process. |t includes an
annul ar gui de bushi HY36# de@hﬂbhgﬁhnémnybaM1dp@ﬁmn@ZBGMﬁmnmpaebﬂge of the

pul | cable 26 The o n.the. ushi 54 is sized f a cl ose
B di ng 1 PR Ui BRERAOHPE- bR T one® BT Ay tmreri St ¢ o a
Maxi mm cheairabedoRbn aRPnelGREL 4P theQ@@@ fiohe ARSumBata Us Quiedbld ABtdr! ose fit,
the pull cable 26 will nove Iaterab«g with | ateral novenent of the guide

bushi ng 5@cankpwiRyottes it Werabinshafode teatabl 4 preonisibins @mutl@n #ushing. In
SOme enbogxlhrr%q %01115?&1? V\ngl tﬂ? Vglltll%gil A% ? il e' 3h goﬁlfoteﬁlon otf(%l#1 (9’% rf? Sé hyl ene

or otherstit S m i m Ze VfTi'e I'ng~and pul

cable 26 ﬁ&clﬁdﬁﬁr@)ulﬂ)urﬁ@hhecﬂystal' gioseh mdesbot\h/en&dtableom&&h cﬂmeblgesde bushi ng
54 is secured to a bushing carrier 58 which is rotatablg@poupled to an

adj ust abl B2y bppefeted ;sméheé)peemt?Wl%?%@a?f (h§-» SQuBeIAYEWERHPF jhathdf.cated at 62
for rotat gﬁigfaﬁgggﬁgrpﬁ@g dahuUshieng carrier about an axis Zi (Figure
3). S

The b aring as s an outer race 64 secured to a downwardly
proj ecting annul ar flange 66 of the bushing carrier 59 and an inner race 68
secured to an [0057] During the crystal growing process, a seed crystal 44 (Figure

1) is held at the lower end of the pull cable 26 via a seed chuck 46. The crucible 38
and pull cable 26 are counter-rotated and the seed crystal 44 is lowered into contact
with the molten silicon in the crucible. When the seed crystal 44 begins to melt, it is
slowly withdrawn from the molten silicon via the crystal lifting mechanism 28 and

starts to grow, drawing silicon from the melt to form a crystal ingot 48.

[0058] A top portion of the pulling chamber 24 comprises a
positioner housing 50 which houses a bushing generally indicated at 52 in Figure 2.
The bushing 52 is adapted for actively dampening pendular motion of the pull cable
26 during the crystal growing process. It includes an annular guide bushing 54
defining a central opening 56 for passage of the pull cable 26. The opening 56 in the
guide bushing 54 is sized for a close sliding fit of the pull cable 26 through the
opening and is sized for a maximum clearance of approximately 0.0005 inches.
Because of the close fit, the pull cable 26 will move laterally with lateral movement of
the guide bushing 54 and may be raised and lowered relative to the guide bushing. In

some embodiments, the guide bushing 54 is made of polytetrafluoroethylene or other



upwardly projecting annular flange 70 of the support plate 60. In sone
enbodi nents, the bearing assenbly 62 is a high-precision bearing assenbly
for m ni mvoizag/i1adoer al novenent (play) of the bushing 52Caus26088003)
carrier 58 relative to the support pldate 60. Thus, |ateral novenent of the
support plate 60 causes |lateral novenent of the guide bushing 54. [0060]
The bushing carrier 58 is connected to the shaft 32 via a flexible shaft
coupl i ng di@tabliChiatdbalao REhinGIvs fricios bebeh tdnsRing aHa@en cible 26 hadrmar k
Servoneter(r). The shaft coupling 72 causes the bushing carrier 58 and

gui de bushilhgadaistraisedengt lewgiadh the shaft 32 while allowing |ateral
novenment of the bushing carrier and bushing relative to the shaft. [0061] A
first annul ar seal Hﬁg@ r ' [ : : r.Sil; of the
support plate 60 and a Eeggﬁéﬁgggﬁgﬁ% %%§§§ﬁ§§ﬁ§%g%$g%n%g%?%§ lggﬁing
carrier 58.rofeteblyenpid ts @aladpustablersupforhplateadOctyl 4 brdring apsentbilypgené&llyxt endi ng

fromthe bushing carrier 58, .an _outward roj ecting annul ar_fl] ange 80
ext endi ngMHGHA %égéﬁtrp@ﬁpapf%&%wgﬁaﬂ ST 2RAY 450 et mﬁ%nder t he

first seab) ME{lRGLriAG assRRBIyAED MRSHRE RELAANUEAE] [d RBGEn B4 dRI prbfaet gyt er
peri phery of the outwardly projecting annular flange and di'sposed general ly

ci r cunf er emtulalflapgaboof thethashing sarrises) anvearbiencr r3geo§ soacsteddman second seal

menbers 74, 76, constj.tute l.abyrinth.seal for preventing sili.con oxide

Fr om passiBy aBaPEelib tufr RBYCh S STnor RS TP rEepBbod TRRs s and

cont am natticN@atiNEaR@Ably R 88 HBHpECiBIdn HORREN as8atlbly WWehidimexhdlagrhiel | ows 83,

85, in sone enbodi nents nmade of stainless steel, connect the SuDﬁ%ét pl at e
r

60 to themegsmentdnlay) ofothe PAthimDS4 ard bishimgaarion g aglaidNeioibe SPPer® in
o L Hous] . T o | |
theposi tigpeq, 0%&%@”%118‘@&&1{& 8?{11%1sh%ofs}?%laf_%t@&%B%F?a‘égﬂlle&tov%e@t'&?ﬂ?e“pport

pl ate rel ative positioner e support plate 60 is
| at eral | yguidveadiez By first and second |inear slide assenblies 84, 86,
shown schematically in Figures 2 and 4. The slide assenblies 84, 86

constitute actuator_pechanjsms for adjusting the |ateral sition of the
gui de bushi ng 54. THOOP r e Bhstiag %@@nﬁ@cwcheﬂa&&ssﬁaﬂggw frenber 88 and

?ofl/via(rjglr yﬁ@ﬁ‘afershgﬁ’ BEARLER Lok ash bAING-QPe EABIRBISIITRARE,: Fe@nakdl y and
Servometer®. The shaft coupling 72 causes the bushing carrier 58 and guide bushing
54 to rotate with the shaft 32 while allowing lateral movement of the bushing carrier

and bushing relative to the shaft.

[0061] A first annular seal member 74 (Figure 3) is secured to the
underside of the support plate 60 and a second seal member 76 is secured to the
bushing carrier 58. The second seal member 76 has a cylindric portion 78 extending
from the bushing carrier 58, an outwardly projecting annular flange 80 extending
from the bottom of the cylindric portion and projecting under the first seal member
74, and an upstanding annular flange 82 at the outer periphery of the outwardly
projecting annular flange and disposed generally circumferentially about the first seal
member. The first and second seal members 74, 76 constitute a labyrinth seal for
preventing silicon oxide from passing upward between the bushing carrier 58 and
support plate and contaminating the bearing assembly 62. Upper and lower flexible
bellows 83, 85, in some embodiments made of stainless steel, connect the support

plate 60 to the positioner housing 50 for maintaining an evacuated chamber in the



along an axis Y (i.e., up and down as viewed in Figure 4). The second slide
assenbly 86 includes a base nenber 92 and a slider nenber 94 adapted for
slidi ng omothw/tia®e nenber side-to-side along an axi s XPCIT/usS2010/0289b% t o
left as viewed in Figures 2 and 4). 1M sone enbodi nents, the slide
assenblies 84, 86 are notor actuated slides powered by electric notors (not
shown). An exanple of such a slide assenbly is an Electro- Slide(r),

avai | abl epbdi@snevh6iistn Svhikeperhii@ing IMéS! Bt dmerdloY theFappdrapRtdmREEeE t38 of the
first slide assenbly 84 is secured to the positioner housing 50. The base

nmenber 92thsfpostienadivgpi@gs| i de assembly 86 is secured to and noveable with
the slider nenber 90 of the first slide assenbly 84. The support plate 60

is secured to and I ' | slide
assenbly 86. Movenent g? ?ﬁ§%@$¥%g$m%ggg§%K8%E§§BY%ékg%ﬁ%@F%ﬁﬁﬁggg%senbly
84 al ong tihearahdsasyerablusest, B, rseawn stheartngllyoih Ripecsppdat Tht alide 60 and
second slide senply 86 in first (forward). and second (rearward) .opposite
directi on_%sselfn.% e %ﬁgé‘(ﬂ%ﬁ%‘&? aﬁpﬂf)ﬁ%%‘}fg@ opf Wéalgitﬁe tﬂﬁe@%}rp@%lpngﬁ d up and
down as Vﬂf%"@qjde' Bhshin@$ue Thd firdYQMETRREmBIy @Pﬁclﬁhésdﬁﬁasgﬁ{égﬁfer B¢agd ot he second

slide assenbly 86 al ong the axis X causés |inear novenent of the support
pl ate 60 blrder Mombeafd adapted for lppogs do thediasenicimbasrepiwadly ahd donwairdiit to | ef t
as viewed jn Fi i.,rd ang fourth

I .2 d L di t t he t
oot onalone ah KRS 30 Su awh e SRR ET PRI e shitfhae el

}ections.

Si nce t hegg@uichRichE SRicNGcRBerRVAY o sHier @bhPerd4 Rapa@ fSPRRItonthabgse60,
novenment of the slider nenbers 90, 94 causes |ateral novenent of the guide

bushi ng aAymbgr side-bbide 2long poEEBEX (ige right Wdch 98 siewici és Fgaresgoandra. one
enmbodi nen i i .| at . i$40n of i hing 54, but
CTore o bt bRk, hOSiALEE AR, 44 82 iliol R S OuaRLg, o0 P

depar t i ngb¥ eRotricheotsGqpet shbwhhi An dkaaploslsech Fdide axempleis ahlfeomchani sns
coul d include sol enoids, hydraulic cylinders,servomtor driven screw

assenbl i eSIdgp. ayaijable frem Migre Shres lee Naathumy. MY . | Thedrss mymhend8ef thie
, , i ' hies.i Iled b
support pkak gh&%sﬁrﬁ@?élé 1§‘§S'etcHlaetd' tQ ﬂleg{olsf;fagﬁlsﬂdugﬁﬁ%éis g%gh%m%%gé?ﬁt rotte y

a suitable contro chemati c own | on the
posi ti on of tht Becondlslide alstmbBoas ssansietd aby nfaveslile aittl tbedaled npobiet YO n

Sensors 1(0)f1 the 1rs?ac s‘igé gsl'slgr%%ly%ﬁnHmS pﬁerE Eﬂtdei &)gls secured to and moveable with
the slider member 94 of the second slide assembly 86. Movement of the slider
member 90 of the first slide assembly 84 along the axis Y causes linear movement of
the support plate 60 and second slide assembly 86 in first (forward) and second
(rearward) opposite directions (i.e., in and out of the page as viewed in Figure 2, and
up and down as viewed in Figure 4). Movement of the slider member 94 of the
second slide assembly 86 along the axis X causes linear movement of the support
plate 60 in third and fourth opposite directions (i.e., from right to left as viewed in
Figures 2 and 4). In some embodiments, the third and fourth directions are generally
perpendicular to the first and second directions. Since the guide bushing 54 moves
laterally with the support plate 60, movement of the slider members 90, 94 causes

lateral movement of the guide bushing and pull cable 26.

[0063] The slide assemblies 84, 86 are one embodiment for adjusting
the lateral position of the guide bushing 54, but it is to be understood that other
mechanisms could be employed without departing from the scope of this disclosure.

For example, the mechanisms could include solenoids, hydraulic cylinders,



downward from the underside of the positioner housing 50. The position
sensors 101, 103 sense the lateral position of a portion 105 of the pul
cabl e 26 wocateed7@1set di stance d (Figure 2) bel ow t he eCewstélon2godnf the
gui de bushing 54. In sonme enbodi nentsi3 the distance d is at | east
approximately 5% of a distance D between the el evation E of the guide
bushing 54 and the elevation E of the surface of the nolten crystal source
mat eri al  Mrvéiabtoe as Gerdicrain d8EmbAGbNghy dtherddtadlc eRChaHidhat& Ieangs have been
included in Figure 5. The first position sensor 101 senses a y-coordi nate
val ue of meEingdhe aunperttnldn0405 (i.e., senses the distance of the cable
portion fromthe xcoordinate plane) and the second position sensor 103
senses an x-coordin al Y I Bt he
di stance of the cab éﬁé r##gﬁﬂ?gﬁ?fhgaéggggp %ﬁgféhgﬁggg?%%@ﬁédgirst

posi ti on semsdler 90 (schamprdale shawvi inrEputei2g bhsedmointthé papitihroafehd full eabde a fi r st

masked phot odi ode, assenbly 109, The second posiftion sensor 103 c rises a
second | i gﬁﬁs P Ed Phi rsa%ﬁ%ecaadip%sﬁaéna%w&h_ ,&Qé (Bauharod iSia{éte%@g%nm y
113. For ghwRlhidi ffith HRMindeRtde Jrivge ﬁdsftﬁlepﬁ{ﬁis{ﬂg%. SIERR$RGitibA Ietold 10RE

described in detail. However, it i's to be understood that the second
posi ti on $&hswsc thodatopé patiesn ¢fa pdrtos ddEoithnpell calflo06 SjcaRdfassct i ng now t o

Figure 6, ;the first e ot ndi ode_assenbly .109. ¢ i ses upper and
over sonfbiFeqt Bk SEHERS e Stk 3 1 i iRiuf A 1t e T out o

peri pheri gsbs¥inRnfUiht At cBASTKhtNBast FhrbRinfa@ys ePs I LERAMNH D BethRRLEhcaNd | oner
triangul ar- shaped unmasked portions 121, 123. Illum nation of the unmasked

portion oflceztm Hpbthedislddusine pheedthgrlenten Eiod thy ypare ¢lethgmoltgn el ectri ¢
current or iI\ncCh inoklum i.on._jpcr h i.gnal and a
decr ease F‘P(gt?‘i %Oﬁl?hge)r\%l%ﬁég?\l @e (lj}g ggagsg S P ¢ h%erés{%ﬁn%’ x ‘?lﬁd}ay?cp?@?&l%ﬁ %%?“Zﬂr%g?t i ng

di ode 107bemnatlutied @Figure ol IThediregokitighkersott Clescheds d y-bourdinateivafhet he upper
and | ower unmasked portions 121, 123 of the ghotodiodes 115, 117. The first
posi ti on 8EWE&rbIertios 1§pilkht wasedhe Aistaneqef thaprlic potion SeMHS s bet ween
s ar aftuambi ) WO ethe G BRREIbE By Ry SR RE TRl of Cper
unmasked ﬂmnmbbqbﬂﬁmwaads@meamedmkﬁmeofﬂmhebk@mﬁkm&hnnﬁkgﬂcmndhhmn 123. The

first light-emtti di ode 107 jform.y illJum pates .unshad areas 129,
135%01 | t hBlanppate irdanserer S st el B iadote 507 B of Che
| ower unnggk&fhsked photodiode assembly 109. The second position sensor 103 comprises a

second light-emitting diode 111 and a second masked photodiode assembly 113. For
simplification, only the first position sensor 101 will be described in detail. However,

it is to be understood that the second position sensor 103 operates in the same manner.

[0065] Referring now to Figure 6, the first masked photodiode
assembly 109 comprises upper and lower semicircular-shaped photodiodes 115, 117
masked at their outer peripheries by a suitable masking 119 to form corresponding
upper and lower triangular-shaped unmasked portions 121, 123. Illumination of the
unmasked portion of each photodiode generates an electric signal (e.g., an electric
current or voltage). An increase in illumination increases the signal and a decrease in
illumination decreases the signal. The first light-emitting diode 107 constitutes a
collimated light source for illuminating the upper and lower unmasked portions 121,
123 of the photodiodes 115, 117. The first position sensor 101 is oriented so that the
cable portion 105 is between the first light-emitting diode 107 and first photodiode
assembly 109. In this arrangement, the cable portion 105 shades an area 125 of the



portion 123. Mowvenent of the pull cable 26 forward (i.e., toward the bottom
of the page as viewed in Figure 5) causes the shaded areas 125, 127 to nove
to the riwbtooimiFogure 6; novenent of the pull cabl e foPean$2¢10/028093 upward
toward the top of the page as viewed ¥n Figure 5) causes the shaded areas
to nove to the left in Figure 6. [0066] The size of the shaded area 125 of
t he upper unmasked portion 121 increases as it noves rearward (to the left

as Vi eW_E‘duIQ_pbr h&dgledbriasidl Mesdeases B dfthdmewesuh@iied goftiod 10Be The ght as
viewed in ure 6). Since the area of the upper unmasked portion 121 is

const ant , ﬁfﬂlﬁ ghiperuging dedy Hhadeamby dlaginaes unphaded aggas 43@s13d ofthfe shaded
| i f d
area nove e?%mg%g(qoﬁigﬁ1261%%'11%%]%?& steaéﬁ%g% ?{Pﬁ{%ﬁlgﬁgﬁ dgngniﬂééfc?s or war

(right). ause energy Il Tumna e un areas 129, 131
i's unifor pbiyiodil88 r Muvemdnt dfhie pllecdbld 26 firgaal (i.gemevaad dct toytotohef thpper

phot odi ode 115 i ncreases as_the shaded area 125 npves to the |eft and

decr easesPags aSHEVGHgFdeur ehoqrsseihe slpdenarcas dit 12ALQ By tythy righhi@ si gnal

gener at edF@(lré S endRRRNt PHAE gﬁ%ggﬁ% 3 ai‘(?(i.%.,fugﬂﬁ;d. B0 aRf the l&ﬁ) &tﬁ@gt e the

unshaded area of the upper ortion therefore a fun on of the
| at er al pesvitivodimFighteed)palides dulrhed @earéds.te mova té thedtft onFighirctthe ycoor di nat e
val ue of the cable portion 105). The y-coordi nate val ue of the cable

portion 105 can thergf eTFe det er,m ned by t ni t ude of .the signal of
Phe Upper _phot odi odlopeh  1PEses pFiRREten e Tt R it be ot ¢ he
cabl e por hb@idnTaY kel KriNibesk B¥rwak® (tb BREERRE laddasl iglide) dhge of the
| ower phot odi ode 117 in conjunction with the ‘u.ppger phot odi ode i ncreases

[

sensi ti vi fscregBecanis moges fonsard{ppibe aght asrviieredin fogure ).t hiace tgercanfmasked
. 125 th ! e ;
P T8 B RIS 0 R B BB o

t he upper ph m o e unsha reas 133,

134 of t hdedreuses agrhotindicddeabdot ek raireaddiidand herabadsdhaghadedl@déa noves to
the left and decreases as_the shaded area 127 noves to the right. Thus, the

si gnal geR®rat BEveRd (gt BeeguspHistlight erraey Hirmipptingdeunsiadedpacasiaded ar ea

127 ”Dveslﬁﬁﬁgl‘ﬂ?f‘r’o] | di&ﬂb‘é’??’ t%%%eg;g'c 'sgggfé%e%eﬁ%‘éhe@ tﬁslg\gg%% phB®dlag of the

page as Vvi ewe gure cr as t area noves
forward. $Sensictdavdstay thesihadedase 2 oyosedab tiackitrgdtdhecsicg nathcgbadedat ed by t he
| over phogr%g in?o%%s ‘}olt e Hgﬁtm Achceordingly, the signal generated by the upper photodiode

115 is a function of the size of the unshaded area of the upper unmasked portion and

therefore a function of the lateral position of the pull cable 26 (i.c., a function of the y-

coordinate value of the cable portion 105). The y-coordinate value of the cable

portion 105 can therefore be determined by the magnitude of the signal of the upper

photodiode 115.

[0067] Although the y-coordinate value of the cable portion may be
determined by the upper photodiode 115, use of the lower photodiode 117 in
conjunction with the upper photodiode increases sensitivity. Because of the shape
and orientation of the lower unmasked portion 123, the lower photodiode 117
operates 117 in an opposite manner as the upper photodiode 115. In particular, the
sum of the unshaded areas 133, 134 of the lower photodiode 117 increases as the
shaded area 127 moves to the left and decreases as the shaded area 127 moves to the
right. Thus, the signal generated by the lower photodiode 117 increases as the shaded
arca 127 moves rearward (i.c., as the pull cable moves toward the top of the page as

viewed in Figure 5), and decreases as the shaded area moves forward. Sensitivity is



si gnal generated by the upper photodiode 115 to arrive at a signal

remai nder (hereinafter, position signal). The position signal fromthe
first phovodoowda’@ssenbly 109 will have a zero val ue whenTiuseoishardesl ar eas
125, 127 are centered as shown in Figifre 6, will have a positive val ue when
t he shaded areas nove to the right and will have a negative val ue when the
shaded areas nove to the left. [0068] The controller 96 is responsive to

the posi t iffeaStdRadub@ataipathe dighi r%h&afeﬂﬂ@&h@ﬂﬁe@@h@t@@iod&fﬂ@bm th@9 for
controlling the first slide assenbly 84 as a function of the position of
the pul | &iaptlecpgated bydhgpenpcpehetadigre fbd tootirivhatiaheerdl Fappaingad second

di ti . ‘ ) | i i to th
posi 11 on sl RARALIAR) e bISIGERUAR A st GuB R RRgMRL e o 1N
control | i ngp wilehsecond siludahas derhhded8hcaad 24, 1ATNGEE canerod as iwwioai ti on of

the pull cable 26 to danpen pendular notion in the third and fourth
di r ect i onE18uTh@ WHdave R PRYIYE VRS VREH{ICisaalcd REcas My te therigghs aa Wéﬁfor

control i gg,d 06,188 S BRIk §Radei QP8 g HeaLs mot i on of the pull cable
26 is sensegzgsgﬁkég§1rst %ﬁotog?éﬁe assenbly foé whi ch generates a

general ly periodic (e.g., sinusoidal) position signal in response thereto.
Based on the positi fiW68] giat conthilee 8aisobfomsive hamposiebesignale t he pendul ar

frequency and it of e porti of the,pull cable 26 relative to
heboory raRuCr Sy gt R Rantnly T2 st Qg PEblea R Re BRI & e n
hi gh frequgench asclién 8f thefpoSiHUELBEIRDUAERE D6 td Bafpdn phtulal BIBibAS MeSi ti on
signal so that the 503|t|0n signal is representative only of pendul ar

nmot i on of fifshangsdcpnd dispasions . Ap iseesspbbdewt e rchetrgllss 96 iivHsaicgprusivettoe
trol |l er, 96 & ' fii N | . iti
Cont o <30 RSy B B b BB SBPLABla e Rs! on

shaft encagaesomnlidbessshmdiyt & ofa funetigl oftiRe pRditidrSofthe pily caildies tsui t abl e
sensors, may be enpl oyed for sensing the position of the slide assenblies

or gui de BUBPETRENAPT BoHEN Ehe dhirpsdsiouttheirestions. The aentipllsefdmpysd is
controll ed, ristehtﬁle%?%rrﬂnlo%éssé’& fbc y ging(';tﬁe @wedﬁséﬂﬁ@ﬁng 54 1n a periodic

noti on having the sane equency as sition signal but |agging the
position signal by approximately 1/4 cycle. Al so in sonme enbodi nents, the
first slide assenbl {0062] mBoedilarreotgui afeghe pull cable 26 is sensed by the first

photodiode assembly 109 which generates a generally periodic (e.g., sinusoidal)
position signal in response thereto. Based on the position signal, the controller 96 can
determine the pendular frequency and position of the portion 105 of the pull cable 26
relative to the bushing 54. The controller 96 may include suitable logic for filtering
high frequencies (e.g., frequencies greater than 1 Hz) from the position signal so that
the position signal is representative only of pendular motion of the pull cable 26. In
response to the position signal, the controller 96 energizes the first slide assembly 84
to control the position of the guide bushing 54. Additional position sensors (not
shown), such as shaft encoders on the shafts of the slide motors or any other suitable
sensors, may be employed for sensing the position of the slide assemblies or guide
bushing. In some embodiments, the first slide assembly 84 is controlled by the
controller 96 to move the guide bushing 54 in a periodic motion having the same
frequency as the position signal but lagging the position signal by approximately 1/4
cycle. Also in some embodiments, the first slide assembly 84 moves the guide
bushing 54 with an amplitude substantially less than the amplitude of motion sensed

by the first photodiode assembly 109 to thereby provide an under damped system.



bushing 54 with an anplitude substantially |less than the anplitude of

noti on sensed by the first photodi ode assenbly 109 to thereby provide an
under dampedosyrte@m [ 0070] Figure 7 is a representativePgrapshowoeemwng: (1)
notion of the pull cable 26 (as sensed by the first photodi ode assenbly
109) as the pull cable is danpened by notion of the bushing; and (2)
danpeni ng notion of the guide bushing 54 as controlled by the controller

96. The solid line (@707 epigRse€Nisa fPtdsOitatdfe driigh MHehling D) @oiéh et he
dashed line 138 represents notion of the guide bushin 5&. As shown in the

graph, theuléeshle 36 (assemgd by kelrst plotedipdreassesbly1§obas the puih¢eblais h t he same
f . | . . WM . d
| oo ngy CREPERR o9 tadicl Vi, ARtk b of agHPofinSibul o PIATHABIGETC,

assenbl y 84at cordetice bg ehct doatroRgriat Uihe sofid bt il hrepfestiite ngtiod@f Hieghillng 54 as
t he magni t ude_of ggéion 0 ull cable 26 decreases. . In sone

f . the p ) 2 .
enbodi menf@le 2hangihe dashsddine dgs sopresentginagfion b dhqguidhbushingsy A§ de assenbl y
84 a set i . 9 f it 4b L cabl e 26.
't 5 or eat s knifle p3pf: nd fdlrchlor D B S ENAE UREBLURE S0 o ABG RBINED2 G 2T &
| esser daspenfroguenay s ths pdBsalbledf, e /4 cyatt owof phase vethdecd baged) thithus, the

controller 96 controls the first slide, ass ly 84 to en a conponent
Com o R Faear i it I e R Bed wremb S B e i R 0e 1
ot her wor ggonfliR Jf!nﬁo%fon%fit&eg@@esmh@ F4a s ARTRERS 118 e Ml oAon BPIHGUII N the
first and second directions. [0071] The second phot odi ode assenbly 113

det ect s nealiloRo6 décredses. plnl someimbedpéents; thegidatbustingrid it displahediby et i ons

(i.e., detects an x-coqrdi nate caomnpan of .t he ndul. ar ti nd
Gener at oo T S PrdRAE R e PRTER P& ot CSuBEPR AT RO kBthse ¢
such signaé, Iﬂaf‘%e&&fdaﬁlqjehﬁlﬁg 9@ IS OeHireo) the frasideRand isdrtded.ass gty 86 to
nove the gui de bushing 54 in the third and fourth directions ;i.e., si det o-
side) to HaRpANGHsq isHcHfed; the fngtion exbheedepreaped. { Hast the eentedler Pour t h

di rection i t 0Si 11 ensor 103,
controlle?mgéﬁsgﬁ %3@%% g@?@gﬂgggéﬁﬁﬁ§5Eﬁmﬁﬁﬁﬁ?ﬁégt%CQ%@%%% notion of the
pul | cabl eordporicnt)tofietidul ardnativeh dfaki pull clibied. | mrshdrivad slicafitst didey t he sane

way the first posjition sensor 101, controller, and first slide assenbly 84
danpens PB4 P IMiSBGR dheh P S G @ake of br ovi ty
t herefore, application of these conponents to danpen notion in the third

and [0071] The second photodiode assembly 113 detects motion of the
pull cable 26 in the third and fourth directions (i.c., detects an x-coordinate
component of the pendular motion) and generates a position signal representative of
such motion. In response to such signal, the controller 96 controls the second slide
assembly 86 to move the guide bushing 54 in the third and fourth directions (i.e., side-
to-side) to dampen motion of the pull cable 26 in the third and fourth directions. It is
to be understood that the second position sensor 103, controller 96, and second slide
assembly 86 combine to dampen motion of the pull cable 26 in the third and fourth
directions in substantially the same way the first position sensor 101, controller, and
first slide assembly 84 dampens motion in the first and second directions. For sake of
brevity therefore, application of these components to dampen motion in the third and

fourth directions will not be discussed in greater detail.

[0072] In operation, the pull cable 26 may orbit the axis of rotation
Z, or exhibit some other pendular motion during formation of the crystal ingot 48.

The first position sensor 101 detects y-coordinate motion of the cable portion spaced



fourth directions will not be discussed in greater detail. [0072] In
operation, the pull cable 26 may orbit the axis of rotation Zi or exhibit
sonme ot hewoperwdub@n noti on during formation of the crystral/usegon28i83 The
first position sensor 101 detects y-clWordi nate notion of the cable portion
spacedt he distance d (e.g., eight inches) bel ow the guide bushing 54 and
generates a position signal representative of the y-coordinate notion.

Si nul t anemﬁiyaﬂo!aeir(@.\gi.,teh%ht iftBeHeeRREthp@sidei IBhieLHS ahd d&raed £pdsttion
x-coordi nate notion of the cable portion and generates a position signal
r epr esent sghalacpsantéivg of Bisrydeavadivatewration. Sppuktaspwiy thergvitthéoposi ti on

si gnal geper . finhS it 1o er 96 causes
the ol | dorRah Bt cffor 1053y BN LT AR oni e LR SERMT Bld ¢

cor r es pongdenegatas positongnad Fepngsehtagy e ke K-dobrdindtemdjiot . Olmey@nkh® gui de
bushing 54 and. pul| cable 26 therewi th and thereby danpen y-coordinate
pendul ar W&nowoaﬁlgelﬁlegeﬁalraredéaﬁﬁ@%% positon ganseinkd’ ths coRBolIHOtRBIS si gnal

gener at edyRifiEnSREA} RSS! HIRA SEARY 8303y ideS iRABLEGoh@MeYAscauses the

slider me of the sec I de assenbly 86 to slide on 1tTs corresponding
base nmenbermikoagng the Yaamsi(Bigue 4yov enavhehgglidebishety Hgnddudrdblpuddél cabl e 26

therewi th _and .t here anpen x-coor.di nat e pendu).ar tion aof e pull cable
26. 1 ¢ hIRRM A heRaORaPerbErGR naf Rentgptihet e 28l elaebs VeI y
danpened glphmig td HR RSHibh 8igRhRHEHatAHYRRESR0RE pbiiBort§ngéalo3i fhgot . [ 0073]

Al t hough the photodiode assenblies aré in this enbodi ment anal og-type

phot odi odesntraller P& causehide ghdis maanalend of Htseelingi slide asspmblyptfotostidodests (e. g., an

array of phot adi pde coul.d be used,w thout depart.i,ng fro he, scope of

T Y Dl GROAAEE Blse TS Bpl Y e B LU Bt S R R o
coul d be et 26 edrdoyithaand BERBY dstpdnabbeordRdaictjcailBOMEEHSOf thtiplii Qstile
departing fromthe scope of this disclosur 0074] Anot her enbodi nent of a

e.
bushi ng o260+t Hethirraawst, pendwpiosetien efsthe Al é%hl@56 ey ely dpmaencgisiiring Fi gur es
8 and 9. shi ; I i m t.0 _hushing 52 except it is adapted for
RS R opl it ' Bl et

adj usting e onfy before a crystal grow ng process
and not during such process. Thus, the bushing 252 does not actively danpen
pendul ar notion. Fof0088hv athenglethe pbotodrporsiecmiplipaart $n trieembodiment

analog-type photodiodes, it is to be understood that digital-type photodiodes (e.g., an
array of photodiodes) could be used without departing from the scope of this
invention. It is also to be understood that the positioning sensors could be replaced by
any other suitable positioning sensor without departing from the scope of this

disclosure.

[0074] Another embodiment of a bushing of the present disclosure is
indicated generally at 252 in Figures 8 and 9. The bushing 252 is similar to bushing
52 except it is adapted for adjusting the position of the cable only before a crystal
growing process and not during such process. Thus, the bushing 252 does not
actively dampen pendular motion. For convenience, corresponding parts are
numbered the same as those parts shown in Figures 2-4 except the prefix "2" has been

added to the reference numbers.

[0075] The bushing 252 includes an annular guide bushing 254
defining a central opening 256 for passage of the pull cable 26. The pull cable 26 will

move laterally with lateral movement of the guide bushing 254 and may be raised and



nunbered the sane as those parts shown in Figures 2-4 except the prefix "2"
has been added to the reference nunbers. [0075] The bushing 252 includes an
annul ar guapadeldusdiing 254 defining a central opening 258cTars2passsge of the
pul | cable 26. The pull cable 26 will18nove laterally with | ateral novenent
of the guide bushing 254 and may be raised andlowered relative to the guide
bushi ng. The gui de bushing 254 is secured to a bushing carrier 258 which is
rot at abl y|osauel Rehtive t@ﬂlegédldésdu@mhg FHPREIdE bRsAEE226Q sbyired Redkhishmgassenbl y
generally indicated at 262 for rotation of the bushing and bushlng carrier
about an” &xrisr 288 vibich iy itasgbly poynleddomneadytabte supptt pwge PeEiegs t he
bushi ng c t coupling
272 cause%&]hggyﬁég?ﬂgH%ﬁ%?%@%%%gg&%ogﬁgﬁkééﬂﬁﬁgﬁgg%ﬂ%Bﬁ¥p§ I?[?ate with the
shaf t mthﬁnﬁhhamﬁag(F@hﬁﬂalAnﬂuehkmhﬁbémqﬁmgnlshmn@csahebamn@nd bushi ng
relative to the shaft support plate 260 is_adjustably coupl ed
PrEciyperntd

6 e
to the po§*i1’leb%§§rtoﬁ%%’§t%6319§%ﬁf§/@8t shomay. The shedesmaling; fust ment
scr ews 27 8Byirlcarfrgosafll YSHARLNiSE b SN BB AR BRAGER WA AT ANd an
el ongat e s?%nﬁ%%ﬁ pr oj ect%ng ra l'ngM?nmard ?ron1the tﬁfea é% body. The
t hr eaded bmawmﬁ&@mmmteﬁmhbadpmgtmnﬂimsﬁmmhmg$dahw3mdbdﬂwﬂto a correspondi ng
t hreaded socket 283 of the positioner housing 250. The el ongate stem 281 of

each adjustnent scr tends into.th 05|t| S|n 250. and abuts the
o1 phery of the sublBFl " RasuRr bt 360 BT P S iy 55 ar o
di sposed ﬁbﬁsﬁ\%‘ﬂﬂﬁ@ﬁks@'ah&s@hﬁ&baﬁri@faﬁ lgfﬂsexfe%ére&fs 21751627ad113a§ﬁ ment screws to
prevent fluid |eakage into or out of t pul | chamber. Al'so in some

embodi menedustBgRpCERs w%lp@adﬁ@bow7%ﬁ® aj olorigatershem 3B REeSting3 f or
el i mnati d?fya}}{w?{g‘i ey"‘ﬁ&% tb?%réa'&regﬁg% tﬁFe ?&g @A’l@ m;;‘fézo;‘gg& glcp%s%%gﬁt of the

socket s. urnln air o
correspondnag1§@@&ﬁb@nﬁ@8cbma@aﬁ&ygﬁﬁMﬁ&d@&&zﬁﬂ&p@f&mpbﬁh@mﬂ@ﬁuﬁnge to side

(i.e., tothe |eft or to the right as viewed in Figure 8). Turning the
second paf?0- oThea%lp%&aﬁ%ﬁm 284 Péﬁ&chzaﬂmrﬁe&tﬁéﬁew Wndéslﬁ@ﬁtﬁ nRgitioseket s 283
linearly r Gﬁﬁq r [yNed; upwar d
toward t hg&%/g% %MBHQ tﬁe }gérﬂ%@ war t?hle s(baot t gg%o(%ii tgé Opage as

vi ewed i nrikg gwisezg) are Slspcﬂdtchteulgfardﬁlaﬂiyahmrtghéﬁdm&ﬁ1 biihh iadystmwnt ier 258

move | at egcallrlexl)vgltov%rgyentt 1dS llélﬁp %2 Entg lo? togt of the pull chamber. Also in some
embodiments, compression springs 287 are within the sockets 283 for eliminating
play between the threads of the screws and the threads of the sockets. Turning the
first pair of adjustment screws 275 in their corresponding sockets 283 linearly moves
the support plate 260 side-to side (i.c., to the left or to the right as viewed in Figure 8).
Turning the second pair of adjustment screws 277 in their corresponding sockets 283
linearly moves the support plate 260 rearward or forward (i.e., upward toward the top
of the page or downward toward the bottom of the page as viewed in Figure 8). Since
the guide bushing 254 and bushing carrier 258 move laterally with the support plate
260, movement of the support plate laterally adjusts the position of the axis Z, (i.c.,
the axis of rotation of the guide bushing 254) relative to the axis Z; (i.c., the axis of
rotation of the crystal lifting mechanism). In some embodiments, the position of the
axis Z, (Figure 9) is adjusted to align with the axis Z; and thereby eliminate any

eccentricity of the pull cable centerline with respect to the axis of rotation of the

crystal lifting mechanism.



260, novenent of the support plate laterally adjusts the position of the
axis Z2 (i.e., the axis of rotation of the guide bushing 254) relative to
t he axis WD 20i0/87601t he axis of rotation of the crystal [PCfiusagomesobani sn).
In sonme enbodi ments, the position of ¥he axis Z2 (Figure 9) is adjusted to
align with the axis Zi and thereby elimnate any eccentricity of the pul
cable centerline with respect to the axis of rotation of the crystal

lifting mechani sm [ Q77] Althbestgidjadndst RN 36 HQOELET & Ktascthibed as being

the preferred mechani sm of ad{ustlng the |l ateral position of the support

pl at e 260PiiRyHIdigechepism;af adgistieg the lafpabpesibudofitthasuppay pdae 26dbeshar ust ment
oo ' . o .
i soi osur 8o sEpe ERLAVREH bOh BRI, HE ST AP EEBE BN of a

bushi ng ofvithbet qepesiaptiroti Selsosieref this disotbiserat ed general |y at 301. Like
bushi ng 252 of Figures 8 and 9, bushing 301 is adapted for adjusting the

position of the pul I nl.y before. a crystal grow ng.process and does
not actively_danpenhgﬁgﬁu§§%3 P%%foﬁﬁWFﬁé%bB%Pp%Hﬁ?ﬂ %é%ﬂ%’ thus 252,
however, BRsHirdd Wh@?re@&i@%Is%foﬂére%)i]ﬂdic'ﬁteﬁeg%ﬁérﬁﬂy LO3AND ikOb@hes Mtdr the plate
30 to which the crystal lifting nechanismis attached. [007 The

posi ti oni Aguapdaanat U duging sompridsred torhdwsiimgthg PRsitian of thdeullishblck 304, a
bushi ng carri.er. 306 nd a .qui de bushing 308. .The housing 302 is securely
Fixed to PHe bEfors 8 2l fiatl pirs P deyof (LRET IR TREmeToBer “br onk
304 is i NUnhRe heuisdiigh 39Aranchsos neheas, pamionhansdabhes 391 desdaraisle sl iding
(right or left as viewed in Figure 11) alon%@phanneLs 310 (Figure 11) in

t he housi fief roffes Wik Hicridate 0 it¢ shicBobe prystablidioameshaniym py fasbed ng box- shaped
portion 312 extending into a generally rectangular slot 314 in the slider

bl ock 304, and an u I | ect:| t . ing up
through an openi ng §¥gbfn¥?ﬁé8ﬁgﬁébggpéﬁgﬂg$ﬁ€&%%%¥§%%pé§1§%%¢?gn 312 of

t he bushi slifet &tack 804 30GushBigsiamed 386,chnd higguédt BushinkG08aTHe Aowbinge302n@r d
sliding within the slot 314 (toward the top or pottom of the page as viewed
in Fi gur eSoPysely e f@dﬁa@aﬁ&ﬂnﬁrlﬁ@u@?@@ slenggs &@HHS&%W)C Weayda i Md for a

snug Tit {dn @k MRRRG S‘r{?%n&’fri]s stif&%daTnHQHJél%Ei fQP%%ééR{Jsﬁélgicﬁ%g #r[é%t BURRIQY carrier

306. An opening 3197t hrough gui de bushi ng IS size or passage

t her et hr oughledfin Figerqll)lalawishent®es 3 Toh@igure 11) in the housing. The bushing

carrier 306 has a downwardly projecting box-shaped portion 312 extending into a

generally rectangular slot 314 in the slider block 304, and an upwardly projecting
tubular portion 316 extending up through an opening 318 in the housing 302. The
box-shaped portion 312 of the bushing carrier 306 is sized and shaped for forward and
rearward sliding within the slot 314 (toward the top or bottom of the page as viewed
in Figure 11). The guide bushing 308 has a cylindric body 320 sized for a snug fit in
an upper end of the tubular portion 316 of the bushing carrier 306. An opening 319
through guide bushing 308 is sized for passage therethrough of the pull cable 26. The
guide bushing 308 is secured to the bushing carrier 306 by a threaded nut 321.

[0080] The shank of a first adjustment screw 322 extends through an
opening in the slider block 304 and is threaded into the box-shaped portion 312 of the
bushing carrier 306. A compression spring 324 within the slot 314 and surrounding
the shank of the first adjustment screw 322 pushes against the box-shaped portion 312
of the bushing carrier 306 to bias the bushing carrier rearward (toward the top of the

page as viewed in Figure 11). Turning of the first adjustment screw 322 moves the



gui de bushing 308 is secured to the bushing carrier 306 by a threaded nut
321 . [0080] The shank of a first adjustnment screw 322 extends through an
openi ng iwothw/gléoder bl ock 304 and is threaded into thecChaselapsds portion
312 of the bushing carrier 306. A comdression spring 324 within the sl ot
314 and surrounding the shank of the first adjustnent screw 322 pushes

agai nst the box-shaped portion 312 of the bushing carrier 306 to bias the

bushi ng cBadhi® caie@rvardidetRwang 30 ertvar] @freiarPatgivaso Wetiadngn Fi gure
11). Turning of the first adjustnment screw 322 noves thebushing carrier and

gui de busBVhgTiBothank phiaperond adiastmear wreve B¢ pxtendsghroyeh ap aBsmeL B0be The

shank of I: . SCI . I in the
nousi ng. 30N Ay HhRRh iR S SRLERE TR UL RS o326
has a sl opelpsdisfréce abittihg b BiPpad siréjee df gigrstidecblodk 30de Skodpresdibock 304. A
conpression_ spring 330 biases the slider block 304 toward the | eft side of

the housi AFMB0P0asee s stifer Rpdktl tBpvaedihe (eeut alcthe fpywng #e ©dwAR ng bl ock
328. Anot fer b &SHi B aétp»wtme%%ﬁngﬁﬁgﬁf&ﬁ%%ﬁ ﬁﬁo&g@g&%@gsﬁ&% ?121 ond

adj ust rent screw 326 and engages t usi ng 302 an cunf tial
fl ange 3333Dbsurtduadsthanskadf ofithessondwdjngmshaerdvhd2Gardcwmgagarthahcusiey ati ve to

t he housi Turni n he .second just nent. screw causes forward or rearward
rovenont 72 e Db e TS 28 i e Fink SEEE SRS B R et Cof " tho
slider bl agky@@4clabWshitROn&RIAY erursib thAREotid&tbsicRY, 8s Si nce the
pull cable 26 noves laterally With the guide bushing 308, the |ateral

posi ti on &frwarieorpadnvardimoreroem ob éheadjrumsing &lasy 328 mdiighgcaubgs sidertotsidnd second

adj ust ment_ scre 22,326, T .any eccentricities of the,puld. cable
cent or 11 nogr R oL SpasiodfBop 305 8y EERLI AL p R Bl I IR e eyt
! ihf ting m_enélrplmi camﬁazmn@lds ma:t&atl?d?ithrthdé gﬁiﬁl_@ﬁﬁhhéliéimﬂheﬁh@tm @551%&430@3 13B
show partia schematic views of a bushin simlar to the quide
bushi g Sheqeblanblsean pedisih by Siratnedhe fint Mdcesd adusmeniqesgdide bushi ng
54 may be Rke i he: i i : L e scope of
t he di scl %%ﬁ)ié %]ﬁCEE%%l?gleggﬁﬁﬁggll? %%F%%%%g@%t“g&@g%’ﬁk@%ﬁg% |qust section
95, a seconatigesfithopla@30 andtdnystd 1880t mocha98m andlimidaosd érdredeeti on 99. The
bushing 9 1 may be conprised of nore or fewer sections. [0082] The bushing

9 17s configurabl e[(ﬂ)%tly\e%{]gugg\sn 1 SpAOe?I{dt fﬁpsﬁiowl Eart?ally schematic views of a

bushing 91 similar to the guide bushing 54 described above in relation to Figures 1-
12. The guide bushing 54 may be replaced with the bushing 91 without departing
from the scope of the disclosure. The bushing 91 has four separate sections: a first
section 95, a second section 97, a third section 98, and a fourth section 99. The

bushing 91 may be comprised of more or fewer sections.

[0082] The bushing 91 is configurable between two positions. In a
first position, as shown in Figure 13A, the sections 95, 97, 98, and 99 are in contact
with each other. In this position, bushing 91 has a central opening 93 that is sized
such that the pull cable 26 contacts the bushing as it passes therethrough. This first
position of the bushing 91 may be used in the embodiments described above in
relation to Figures 1-12. In the second position of the bushing 91, as shown in Figure
13B, the sections 95, 97, 98 and 99 are separated from each other such that a diameter
of the central opening 93 is substantially greater than the diameter of the central
opening in the first position. The pull cable 26 does not contact the central opening

93 of the bushing 91 as it passes therethrough when the bushing is in the second



first position, as shown in Figure 13A, the sections 95, 97, 98, and 99 are
in contact with each other. In this position, bushing 9 1 has a central
openi ng 9Bothaw117@1si zed such that the pull cable 26 comCaaissomiesobrishi ng
as it passes therethrough. This first2ilposition of the bushing 9 1 may be
used in the enbodi nents descri bed above in relation to Figures 1-12. In the
second position of the bushing 91, as shown in Figure 13B, the sections 95,
97, 98 angodfordr BB eRR8AAdolct LR BBEIM RIS bn SWCHuLL Bidlc B Y MoBLSHin®f t he
central opening 93 is substantially greater than the dianeter of the
central ogbﬁﬁﬁgﬂkﬁmﬁh@gﬂﬁm§beﬁﬁ@ﬂ@p@%ﬁmwh%mbﬂPWbEdBW@aQ@HU@@Eb%@ﬁdcontact
the centr { séu ] . ough when

t he bushiﬁgwﬁgﬁﬁ%m%ﬁgégg%%%gﬁ%??f?%ﬁgd%%%gﬁﬁfggFﬁgﬁiﬁﬁggggégmg{e not

i nparted ssvohdpogitibd. Eakkempke, bye drheoleumbaimgtidtors wagbetubel fousdnslag i s in the
second position. Any suitabl e nechanismmay be used to translate the
conponent gegsctiogs 95087, 98mnddd) bask gae forimietypssthe pesitionson and the second
position. For exanple, one or nore linear actuators may be used to
translate the secti ARR3P5 GeRdrallPGonABGaASh BAGK vatind Of tvitiet WegRst he
positions. [0083] Generally, configuration of the bushing 9 1 in either the
first pospoditen arscsewiamditposicpirsly odepiethts thorclishettiver ofifseddhi eriarbitdlon of

pendul ar or_.orbital notion or th eci s surenent of the weight of the
1 con | RGUE™ 08 s e Lot 9% NSt Prg Rt Kon e bahtiet ar or or bi tal
notion i SirliZE)Hrﬁmt. NRed @thinatidioPenfilBOorDrbitdlmenfil gidk€inporahend i rst

posi tion. wever, if _the precise nmeasurenment of the weight of the silicon

i ngot is hwtheng Mo conmguredarihe hisst pasiipmgHoweversif dnireegjer mgasurenadié o§econd
posi ti on. leny s I yst al [ .pushing 9
Py b tedt i af s ibathodsdP ol bR b el T RAE TR nh B 5" e
maj ority efe sebndsioksitioan i ngot or the portion of the ingot that will be used
to fabricate silicon wafers. Accordingly, the pendular or orbital notion of

the silicon ingot i ontrolled while the portion of the ingot used to
fabricate silicon wRUSRE 1Rsaes HiCoLSHE LrpnEh PUAHMENS the REIREEh be

t | at [ e [ : ; f th
ransl at egh,l el @E{ﬁ@ﬁgt P{ri’slﬁﬂé(%r} @%ﬁb‘p!&ﬂ?dﬁﬁ% @k %}r‘]t’lf\&h%fftﬁeﬁﬁaggﬂgr &HApe o €

silicon ingdt. Thus, th orces are i npart y the bushing

9 1 to thellipen ingotdylthe pértiduof Hy inge thad b ascdotb felrecateagilogontwaferfs. t he i ngot ,

and not dg&é&g

intgpy? the pendular or orbital motion of the silicon ingot is controlled while the
portion of the ingot used to fabricate silicon wafers is being formed. The bushing 91
may then be translated to its second position during the growth of the end cone of the
silicon ingot. Thus, the frictional forces are only imparted by the bushing 91 to the
pull cable 26 during the formation of the majority of the ingot, and not during the

growth of the end cone.

[0085] Figure 14 shows an embodiment of a pulling apparatus
(broadly, a “puller”), indicated generally at 100, for pulling an object attached to the
end of a cable 110 (i.e., a pull cable) in the direction of the Y axis. In the
embodiments of the disclosure described herein, specific reference is made to pulling
systems used in conjunction with silicon ingot growth apparatuses, such as the crystal
pulling machine 20 shown in Figure 1. However, other embodiments of the
disclosure may be used for purposes other than silicon ingot growth apparatuses. For

example, the embodiments described herein may be used to determine the weight of



grow h of the end cone. [0085] Figure 14 shows an enbodi nent of a pulling
apparatus (broadly, a "puller"), indicated generally at 100, for pulling an
obj ect atweachwdit@it he end of a cable 110 (i.e., a pull pPczhise)ioiopsobhe
direction of the Y axis. In the enbodi2nents of the disclosure described
herein, specific reference is made to pulling systens used in conjunction
with silicon ingot growth apparatuses, such as the crystal pulling machine

20 shown ply &thjeetisBspbndddomEM QrcabRlR &l is pUIQIIITE Ab&riine tiCarflb i bOS#EE My be
used for purposes other than silicon |nqot growt h appar atuses. For exanpl e,

t he embodidEHed ta@Bla Puert Beoss hsurfage Bes nthig. @t er mi ne the wei ght of any
obj ect suspended froma cable as it is pulled or to determ ne the anopunt

of fer ee_requi red torgukl afle QiBGLAARLASS0@iRHILEESyaR 130MMbAFI 0. 33

[ 0086] The pul ling appar at us es a frane positioned within the
housi ng 2%ithfn the gouseng 29 dhiaghrcalmel ieYtaran tB3( hrel tho bisusig ZDaraneatatabteat abl e
about an is paralle Y. axi s anﬂa hus the fra can rotate as the

to t
obj ect at £eRHH8H 215 PR _eletﬁaheg‘f’ o ifcing ABHna FETR SARTREES 1 QDI 8i48ed i on of
the Y axi g ¥ chdsr MUlchbIBI0RRPRIIRY S thtQrechi@PShe YuxpOREHE FAMgMent s, t he

frame 130 is not positioned wthin the housing 29 and 't he housing is not
used. | n tpmsdueh®bdi nents, the frame 130 is coupled to a support structure
(not shown in Figure 14) such as the plate 30 of Figure 1 such that the

frane is rotatable n axis parallel.tq th .axi,s. The fr 130 is a
ottt r o g TORRT | B SmBSARGE mk Tl allioeosiFlfied VAL 2

al um num teroakih@Ps ahdefea@diying Tidot kg -TnNh&g ehibydin@ingd, tHedrardc 13gmsseal 36 of
Figure 2 is used for sealing against fluid | eakage between the pulling

chanber 280uifl PRSURPRIE FFIEY (NQtshewid imEigutdo dnereastthe phte efillignseal 36 is
not used anf. ﬂﬂﬁhﬁggraglreﬁfﬁg& 1€ at!&ﬁ‘éggkgga%taot%ﬁ{oﬁhé Q’Oéxis'?hﬁ}’g’ﬁdant?%fef(ﬁunds

either the frane ousi ng e frane an ousi ng 29
t o mai nt aism tigid sractuteranid miaydrd hydeodf ahlsuimabld magriapeay. atdes, alifinuiMboeover ,
t he . sane pressure t mai nt ai ned %fthin bot h

the \éﬁf i %Osygﬁ ?%g%?-p%hmaifgﬁ-i%éﬂwcmgapﬁg vaguny %?@g%ﬁboeﬁﬂéu’@azblﬁ &59h6Ti s f or med
from any §é%1ilih§géeﬁn§{%?({ fe@lkageib@ﬁifééqitﬁkgpulling chamber 24 and the housing 29. In

another embodiment, the vacuum seal 36 is not used and instead a separate vacuum

enclosure (not shown) surrounds either the frame 130 or the housing 29 or both the

frame and the housing 29 to maintain the vacuum integrity of the pulling apparatus

100. Moreover, the vacuum seal 36 permits the same pressure to be maintained

within both the pulling chamber 24 and the housing 29.

[0088] The cable 110 is formed from any suitable material, including
without limitation a steel or steel alloy. A chuck 112 is disposed at one end of the
cable 110 in embodiments used in silicon crystal growth operations. The chuck 112
couples a seed crystal (not shown) to the cable 110. A growing silicon ingot 114 is
grown from the seed crystal after the seed crystal is lowered into a crucible 116 of
molten silicon 118. The chuck 112 thus couples the end of the cable to the growing
silicon ingot 114. The cable 110 (and the chuck 112 and growing silicon ingot 114)
are pulled upward by the pulling apparatus 100 as the silicon ingot grows.

[0089] A position sensor 201 is coupled to the frame 130 and is used

to determine the position of the cable 110 with respect to the frame 130, and functions



without Iimtation a steel or steel alloy. A chuck 112 is disposed at one
end of the cable 110 in enbodi nents used in silicon crystal growh

oper at i ors0 20tvet1edouck 112 coupl es a seed crystal (not siromA)S2410/0289e3 cabl e
110. A growing silicon ingot 114 is @®own fromthe seed crystal after the
seed crystal is lowered into a crucible 116 of nolten silicon 118. The
chuck 112 thus couples the end of the cable to the grow ng silicon ingot

114. The gofak @arkd Or {idlidr fBfncs Rl ee pbiidioAREhsBFOMIINY0Sidst 6B dbdget Inl14) are
pul | ed upward by the pulling apparatus 100 as the silicon ingot grows.

[0089] A prsshericatbodenaérthopasifien scoeqy28d it eoupird tPraMBPAIBETUEHHC Sepaed t o

det erm neghRnpAahk! 99 (ol din¢ AR Lati Guthobld 3RPRGR tablepdfagIe 130, and
unctionsin € sane or simlar manner to e position sensors 1, 103

descri bedsabowH 1 thay esindihaplaatigdif pesition tdm8ingasiipootnts eWddle azfkdkked coupl ed

to a support structure separate fromthe frame 130 that remains fixed and
st at i onar Phefe-diadle sepsords ¢seredebopy iy elagan duprsionxgtsin] 0L dAsm a
plurality Lt { ] Wi | - di ode sensor
P escr | By R D e o M s O {h BaREy ouit abl o
nmeasur eneampbysigdasenayOther msauirémenp epit¢momay basgracRoke-tesmtoras t hose

enpl oying | asers. O her neasure t systens be paci t ance- based or

ol 6ct 1 onaGREFIRALFEE AYReTERIRE FURT et PRt b Bime BT dpog 308 | <

di sposed Ie@st«gjamka_@@%hnaéﬁ& ihelchMe 3wo " ALiREk dohidealitethd Bshiag26iss enbodi nent
t he bushing 203 i S disposed in the frame 130, but may be di sposed outside

t he franedispored butieifragnD), Anidnpobe disprsed ensie thoframanthe bushitge2Bane as or
simlarly to the bushi 2 described above.. an re thus Likew,se capabl e
of et very BunRE 2 AT Bl 5 R Futfdio Bt BN spi ST £5650) °a
pul I ey 14@bdver aartry thud likewst capdbleRiclivéls da@peiih@ pediuiriobfbitahgiofis@me 130.
In other enbodi nents, the pulley 140 may be positioned outside of the franme
130. The pltheeybledd0is forned from any suitable naterial, including without
limtation, steel or alum numalloy. The pulley 140 has a center axis 142

about which it rota T t I 42 | i . [ r the
geonetric center ofhﬁﬁg]p%ﬁrg§9f§8gﬁéh§K%%§?Fa%@%%ﬁﬁg@&gﬁﬁggﬁggﬁguitable
st r uct ur etherfeamdb B3 (pdsiothico emthodidhcacse tite puteyd 4Gmaybd pbhicowentueyidacti the 142.  An

axle or pifrgmgel)go.t lﬁ{g pgl?esysl Ohlg our%{édtfrho%l gl?ynéu?trablae)glaﬁer}a ,2 including without
limitation, steel or aluminum alloy. The pulley 140 has a center axis 142 about which
it rotates. The center axis 142 is disposed at or near the geometric center of the pulley
140. Bushings, bearings or other suitable structures may be positioned adjacent to or
around the center axis 142. An axle or pin may thus pass through the center axis 142
and contact the bushings or bearings, and not the pulley 140, thus reducing the

amount of force required to rotate the pulley about the center axis.

[0091] The pulley 140 has a groove formed along its outer
circumferential surface 144, according to some embodiments. The groove is
comprised of a trough and a corresponding pair of vertical or tapered walls. The
trough and vertical or tapered walls are appropriately sized to receive the cable therein
while permitting some clearance between the cable and the groove (i.e., the distance

between the vertical or tapered walls is greater than the diameter of the cable 110).

[0092] As shown in Figure 14 and more clearly seen in Figure 15, an

arm 150 is coupled at a first end 152 to the pulley 140 at the center axis 142. A



and contact the bushings or bearings, and not the pulley 140, thus reducing
the anobunt offeree required to rotate the pulley about the center axis.

[ 0091] Thwopoldays0140 has a groove forned al ong its out @ecTdiSecwotsepent i al
surface 144, according to sonme enbodidents. The groove is conprised of a
trough and a corresponding pair of vertical or tapered walls. The trough
and vertical or tapered walls are appropriately sized to receive the cable
therei n whichgd BRd M4 &f the a8 MB0 Bl BAGLEBIS QoRdENRARC flmcadDIbg aaddnsdis gr oove
(i.e., the distance between the vertical or tapered walls is greater than
the di amet&h Bhc ¢dacetap] 3 is 1nturn figgiippiouriedsth dhframe by guy avitthleand nor e

| | i Fi . 15 i ' to th
oul ey’ 1400 e b iy su BBy R it oF aESUR AT T ofridphl, RMludief to (e
pi vot abl yocowsplngdniyobd ised fini drrohdddtdryl 58 te pendciotdtioh™d theldra tOnwiglct or 156 i s

in turn rigidl oupled to the frane by any suitable connecti gn nechani sm
such as bpesmqt}éqfﬁl@f@mwpo&gﬂwseﬁém@g’et@fte%tceﬁw - and “ieeBnsceity or  bushi ng

may be Usﬁféhkig d:h]%@t &)‘ﬂﬂ&%h%g c@igg%e%eﬁit&o P hidkd 91@m9ﬁts}£%zé§f 9 150 with

respect tot rame 130. herein, the terns "coupl ed" and
" connect edidirectcdondetion oe ceupdingbettdeotwoor oouptlemgntset gewherewo or nore

el enments, .as wel | @S iPdirec conngﬁhio% or coupling between two or nore
el enent s, TESYCNING FICPSN{S FORPSFERT (AP BRSNS S T or couple the el enents
together. [0093] The arm 150 is allowed to rotate about the second end 154.

The first end 152 i o8B} ownel afR 19D KIBRRE k@ tdtite laBo thl JcR6hd &Y Par al lel to
the Y axis, while being constrained fromnoving in a direction parallel to

t he X axi $he Bystend Ehsisgowed o pave gsnerdly ia gudyiceidon parelipd td thesf axipd 152 of
the armi X} i i r-ectijan,. YnpaXis, while

bei ng conglth ?S:b%\ég% {}Sgrr%{?%\?gonngm%vglélgﬁldérfggtﬂ%%%éeﬂe?(%a%gé Qfli?ieBgr m 150 is
const r uct edefigi@mtigipulRyildabbeplobtoethe fikst thdl 51 of the givd idibved té emivstimnt to

el ongation in a direction substantially parallel to the X axisgﬁe.g., st eel
and al | oy3 diragtioadrarallel toihe Yngxit inhalgibging copstetings frem mnysmeat rastlls ol s) .

[ 0094] ThﬁlePFhJiigyTi‘Ié‘Qm‘PES(? gif%n?cﬂﬁ?é# %&ﬁﬂag%%%%&gﬁ%tﬁmmi id gdrcel I 170.

The | oad ce 0'1's coup to the rst connector 172 at
t he cent eresakinstolel@ngation rea pintdtoy siiddantible phiaflst toclonKesisqe.gl 3el @aicor di ng

to sone . . . . .
alloys thereof, aluminum, titanium, or other composite materials).

[0094] The pulley 140 of this embodiment is suspended from a load
cell 170. The load cell 170 is coupled to the pulley 140 by a first connector 172 at the
center axis 142 of the pulley 140. The first connector 172, according to some
embodiments, is rigid and does not deflect or stretch under normal operating
conditions. The first connector 172 may permit rotational movement between the
load cell 170 and the first connector. As described above, an axle passes through the
center axis 142 of the pulley 140 and couples the first connector 172 to the pulley.
The axle may also pass through or be otherwise coupled to the arm 150 at or near the

first end 152 of the arm.

[0095] The load cell 170 is coupled to the frame 130 by a second
connector 174. Like the first connector 172, the second connector 174 is a rigid
member which does not appreciably deflect under normal operating conditions and

may permit rotational movement between the load cell 170 and the second connector.



enbodi nents, is rigid and does not deflect or stretch under nornal
operating conditions. The first connector 172 nmay permt rotational

novenent wetwmern7déome | oad cell 170 and the first connect®om/Uusasioneses i bed
above, an axle passes through the cemSer axis 142 of the pulley 140 and
couples the first connector 172 to the pulley. The axle may al so pass

t hrough or be otherw se coupled to the arm 150 at or near the first end 152

of the ar mhe kQBA&Lonkretol ANk cdiffled o 16O GIRMRA 3D®ytahen bf 8 tyH30 by a
second connector 174. Like the first connector 172, the second connector

174 is a eowlidgnenber whi ch does not appreciably deflect under nornal
operating conditions and may permt rotational novenent between the | oad

cell 170 and the seﬁﬂ@ggCQBQf&gFfﬂﬂggyggg@gﬁrﬁggnﬁg%§%f§%§25§§é e coupl ed

to the frane 130 by a pin or axle type co | 170 may
be any oneclif swhwabhebfamélettyomés hglralibaar bpddostatistyph. Ascadmgad oaa

el ectronic, hydraulic, or rostatic type. cordi ng to one enbodi nent,
the | oad EI@PP(){HP?@E g O SAR éfeptsgeac ercef EFNTES £4OEC FYTEY exert ed
on strai ”oﬂ@ﬁ‘aﬁﬁ%aﬁé&%@n@@n%le‘%&kﬁl ﬁgﬂa_l.s'TH@@t!rainggl?gé}ir@ahge&ﬁiﬂgﬁén?léﬁﬁ anged for

exanple in a Wheatstone bridge configuration, output electrical signals in
propor t i oa Wheatstanednolge cofigudaions oretpirioniedtiicad signsls naproporsiopee thenced by t he

strain gauge. T | ectrical sigpals .are i fied and en, apal yzed by a
ot ocessor i defiraru G 2 o R pRhCadIBh L eBBCL TR 1o 1 he
el ectri cakighilgBRl anplFicd @he Ei¥nNRalyh&l BPPiceRbr (sR6WER i PiguRl BY) Mhet her ewi th.
Further use of the determ ned anpbunt of force Is discussed bel ow. [0097]

Ref er r i ngprosespyanpdiss amalgprthesto thacleetrienl signalsey degoningrtentinguntafsecond
cyl i nder) fdr&f {o%e%ltglgl tMer&Q/ﬂH.l Fgrt];tie? uég' ?f ‘Ehre %rer{%n%l%gd %Rl% {ﬁhoef fgl[%ntlse r axis 182.
pul I'ey ot her

The idler IS constraine rom novemnent, Rah rotation, by
an axl e passissgd bdiswugh the center axis 182. The axle is attached to the
frame 130 so that the idler pulley is secured to the frame 130. Like the

pulley, 140, 5 0100y LRI B gL P LIl 3 e 102 o

Opposi NG V&bLhd ERAindRF) it ARSLBY BRbILE to hBFaGRMBONBBAS: QntdrBSis 182. The
idler pulley 180 is constrained from movement, other than rotation, by an axle passing
through the center axis 182. The axle is attached to the frame 130 so that the idler
pulley is secured to the frame 130. Like the pulley 140, a groove is formed in an
outer circumferential surface 184 of the idler pulley. The groove is comprised of a
trough and a pair of opposing vertical or tapered walls. The components of the
groove are sized to receive the cable 110 with an adequate clearance between the
cable and the groove. In the embodiments shown in Figures 16 and 17, the idler
pulley 180 is not used. Instead, the cable 110 passes directly from the pulley 140 to
the drum 200.

[0098] A terminal (i.e., second) end 206 of the cable 110 is coupled
to an outer circumferential surface 204 of a drum 200. The drum 200 is in turn
coupled to a drive (not shown). The drive is operable to rotate the drum 200 about a
center axis 202 of the drum. The drive is an electric motor according to one
embodiment. The outer circumferential surface 204 of the drum may have grooves
formed therein for receiving the cable 110. The grooves may be in a helical

arrangement such that successive windings of the cable do not overlap each other as



groove are sized to receive the cable 110 wth an adequate cl earance

bet ween the cable and the groove. In the enbodi mnents shown in Figures 16
and 17, twe2odlireopul | ey 180 is not used. |nstead, the eablts21002899%ses
directly fromthe pulley 140 to the dum 200. [0098] A termnal (i.e.,
second) end 206 of the cable 110 is coupled to an outer circunferential
surface 204 of a drum 200. The drum 200 is in turn coupled to a drive (not

shown) . The dblicvaoiiswoRel abled the ok atreurhfteentit LiirR002@00Tle @useIoer axi s
202 of the drun1 The drive is an electric nmotor according to one

enbodi mentnd theacenmpany pigrdsiyaaes emilpain opgratige éo 29 agonedieg (rvay have
gr ooves fQ&BEQmeH?rlﬁblﬂd%d’lgvﬁh%edﬁ’de'l@a&&erce%*aé&er%Q;Qﬁ%ul'%‘ﬁtog&@a%?ﬁf‘estggay be in a
I ngs O e cabl e

hel i cal arrangenent uccessive’w n 0 not
overl ap eaﬁmKﬁmhempkmﬁmmatoﬁmhemiiﬁmﬂsmmmumdnam@uHQﬂ&hﬁmﬁuﬁﬁhednnn
circunferential surface 204 drum 200 and .t he acconpanylng drive are

simlar i A0QEPRG tBereton a%h%éﬁl odieHisathsglrtvs ivheicnes atersind h en?f‘m uded with
the dri VetHe%s@fngh(ﬁﬁ%rre%@&&g‘ﬁ{ bhi ﬂwegs%mrﬁ&%ﬁ e Pﬁ@awﬁé}&'

di spl acenent o ive ence the rotary displ acenent o the drum
200 coupl ddint A@t.et 0. I n other enbodinents, the drive is a stepper notor and
hence the use of a rotary encoder may not be necessary to neasure the

por i on 113 of the KUBPE AroneVAVLI e bR daah orrutiths TEpfhairlene 2

surface 144vad b&%é@%e%ﬂ&r@ﬂ&lﬁﬂ%rﬁut fifad 14467F grRPIUB LN tHefREe 184 of
idler pulley 180 in ath parallel to both the X axis and the arm 150. In

t he enbodplﬁ@m@re@ﬂalﬁ e 5346 idlsd pulicy k&@em@d)rath malmyp biththeeX @alsl e travel s

between € figy QULEE (6! GILELBA Al SUTAGE, 164,017 Lhe gl 713 dAgeand t he

outer circu rential surface 'n Figure

17, the peatlé emvelsl&twéeﬂ ﬂhe oq&b bec&ﬂ@retnnah/@drﬁcéammne phileyp140l 22 tA40 and
dr um 200 al ong a path is not parallel to the axis. Instead, the
portion 19@}%@1@%6@%@1@11&@@ efr29¢ & hodrgmg? 09 p%%%hoyvﬁa@ Figirght.dhg el to the

arm 150. r M e cable 110
used in th@Q%th?Egggfg?%QQgégg&gba@%Eg?ééhﬁ%§gagggggﬁégg?%%ﬁn%?em/
Fi gur e 18path which is not parallel to the X axis. Instead, the portion 113 of the cable 110

travels along a path that is parallel to the arm 150.

[00100] Figure 18A shows a side view of a portion of the cable 110
used in the pulling system 100. Figure 18B is a cross-section view of Figure 18A.
The cable 110 of this embodiment is a wire rope formed from smaller wire ropes 240
which are twisted together to form the cable 110. Each of wire ropes 240 are formed
from strands 242 of wire which are twisted together to form the respective wire ropes
240. The wire rope configuration shown in Figures 18A and 18B is a 7x7
arrangement. In this arrangement, the wire rope includes 7 small wire rope
assemblies which are each in turn formed from sub-assemblies of 7 wires each.
Different configurations of wire rope may be used according to other embodiments
(the 7x7 arrangement is one of many suitable configurations). For example, other
embodiments may use a single, unitary cable or wire formed from a continuous strand

of material, instead of the cable 110 shown in Figures 18A and 18B.

[00101] As seen in Figure 18B, the effective diameter of the cable

110 varies at different points along a cross-section of the cable. For example, the



The cable 110 of this enbodinent is a wire rope forned fromsnaller wire
ropes 240 which are twisted together to formthe cable 110. Each of wire
ropes 240wereiduremed from strands 242 of w re which arePCRUsS2@&d/ 02899t her to
formthe respective wire ropes 240. T™e wire rope configuration shown in
Figures 18A and 18B is a 7x7 arrangenent. In this arrangenent, the wre
rope includes 7 small wire rope assenblies which are each in turn forned

from sub- agagentd h8s @hixihum digmeRagNandd MiEARA die@blet gur A¢ ierablef wire rope
may be used according to other enbodi ments (the 7x7 arrangenment is one of

many sui t Bises esnhthicqullay il dhgyler pdleyebtngn dumatfetheshfseiinordipmetcnefthase a

si ngl e, on Jmaterial,
notead of ALY BERLEQH G bR A Y b e Ceen 1 n
Fi gur e 18B; bdcheseafffrieclidlicel abinfigeitacion of the ercablearopdsRMamidesards H2f fier ent

poi nts along,.a cross-sectio Qﬁf t he cable. For tﬁxarrpl hecabl e, 110 has a

maxi mum dfhsritastene! theeable F hdifisr aitheRaings vhere %ahlﬁéi%ﬁbﬂt EOHESBES over
the pul | ey, 140 ﬂhqh@ ulk z@gna%eré) t 5 AP co dﬁtgavﬁftﬁ elyvlagdeh@neter of

the cable 110 t us v t ween t e nmaxi num di anmet er the m ni num
di aneter &nb]enamﬁe poﬁlctnthméltha:aible:b]rOfwglmﬁ’el fsomahe tehsoniin thevabicel r opes 240

and strands 242 i he cable 110 differs .at the points
where 1 nerasiier Pegapleridf iHLS hefhls! Eht SRR IR BT By TEhO And wher o
it first j@qeuirRfo &%&@ﬁhewm &Hbll%eldflgnetbp@fthsgééﬂn@ﬁ 115 of BH1PI¢ i on 113
of the cable 110 wi || ffer fromthe tension in the vertical portion of

t he cabl ediffbos sthhepoints vgi@rfmt Ifiest comes piet of cantiet Wwith pml&arl@@ndravh@teautn a net

t orque of ro_on. 0. h h ortion 113
of " cabi o pegmey alborbity Wi by 184 R 200 e oRTBLED isebB 1 Bont act v
pul | ey 14Q,11aﬁaldﬁgef1§>clbatraﬁdllt(samosms into contact with pulley 180 or drum
200, the portion 113 of cable 110 will no | onger be par allel to arm 150.

[00102] Figure 19 is a schematic representation of the |oad cell_ 170, a
processor 300, and HU@AL r Biguss L} s sebematierepiessidationiqf theigad slbb¥hssor 300,

and contr Qbrﬂsﬁo?%ﬁo’%gdg Sn&&%%cﬁb' "I%Ho GR!190, 188&L8000, A Processor
c and nay

300 is a nput er processor, i nclude one or nore forits of conputer
r eadabl e stmrohgestere 300 yrevdonimwooegivtyrcoapled tihgekiice. Ths progetso03d®) istor ed
t hereon. The control sys ({3
computer processor, may include one or more forms of computer readable storage
memory with computer executable instructions stored thereon. The control system
320, according to some embodiments, also includes computer processors and forms of
computer readable storage memory with computer executable instructions stored
thereon. The processor 300 and control system 320 include input/output components
(not shown) for communicating with the load cell 170 and each other. The load cell
170 likewise includes an input/output component (not shown) for communicating
with the processor 300 and control system 320. According to some embodiments, the
functions of the processor 300 and control system 320 are performed by a single,

multi-purpose component. In other embodiments, the processor 300 may be a part of

the load cell 170.

[00103] The amount of force determined by the processor 300 and
the load cell 170 is used to determine the weight of the object attached to the end of
the cable (e.g., the growing silicon ingot 114). As the load cell 170 measures the
amount of force exerted thercon by the pulley 140 and the cable 110, the force of
gravity exerted on the object attached to the end of the cable is reflected in the force



320, according to some enbodi ments, also includes conputer processors and
forms of conputer readable storage nenory with conputer executable

i nstruct iwo0sXored t hereon. The processor 300 and cont POIT/USy6108280320

i ncl ude i nput/output conponents (not 28hown) for comunicating with the | oad
cell 170 and each other. The load cell 170 |i kew se includes an

i nput/ out put conponent (not shown) for comrunicating with the processor 300

and cont r gter¥ DhehR 48 cclACTRY frob&hsb03 (HAMKEs @etediiRRH Forcé AR 4 WG ons of the
processor 300 and control system 320 are perforned by a single,

nul ti - pur fis&s te detpomianthe Wﬁghﬁqféliw b diThe koewn fasorpracefediha00 may be a
part of tt@ﬁ% Ok § alntaljgzge ult rﬁft]oﬁgm Gn &{Etofgietpfuﬂ Eéé@?tﬁee&fﬁ@? by the

processor and isu e wel of the
obj ect at hadbwettlc Ueurh D@0 €Tk m‘ecltalne:atabiaﬁtagelsgieﬁnédnss theomiongf thé | i con i ngot
114). As the load cell 170 nmeasures the anpunt offeree ex t hereon by
the pul | e9€tzmn54d18>r%@l haread Cfiléo thenweighfr o dhqpbiggtalipt Wéupi ’tlg €on the

obj ect _attaahrthehColiep@y oo, Litfe ARLEILSILE SRALEG iR iinbaLgeexer ted on
the | oad ce e pro essor 300 uses t eterm ned force and a known
factor towﬂamagﬂnﬁewdhb:wegbhﬁ%héohhexmbpbdtoﬂwhndbﬁdmwamac$dm may refl ect

t he necha |caI ant age, resul tant f men t he |l ey 140,
Lhe capl adSanindf MR sk B e Bty RO Has Ry R b Bhgt M Blar hed o
the rati or&fecttJg@te%h%me@agﬂwc@ﬁnag kbR M?edplﬁ@ﬁ% sysRnt (. ejrght of the

obj ect. For exanple, if the arrangenent of I'ey 140, cable 110,

and/ or dr exan2ge 1fé1§uii|etesrnm¢dafon¢emmadﬂal10%(dk¢smtﬂlalgéledfuetfme ‘exerecdmi ght of the
obj ect co ed L9 e.end of 1 he cab rce divided by
he  known TRagiteet 17058 Hig8h AQRSANT 790l G MRFMIFEHARIES: St o ¢
or regul atd Yhed Mbicrdengraly,ithE Svdrall kivipctor AdeBloan? Aehankal adxanpte, if

the determned force is actually 10% | ess than the true force exerted on

the | oad Beftiplieddy sysemptioerort(@Atiaithg aboggaxample). oderordingliecthpkaemni cal
advant ageﬂg?or%ﬂ&‘ﬁ{e fBPce%Qg v ﬁe@&'&e I17 ! géﬂeﬁgﬁl’e@rﬁblm %Vﬂbfeaicltoor i s

equal to e mechani cal vant age nu ipli systematic error (0.9 in
t he abovemékmmhb&msmﬁﬁﬁdmdmhgly t he known factor and the force exerted on
the load cell 170 by the pulley 140 and the cable 110 reflect the tension
in the cable. [00104] In some embodiments, such as those shown in Figure 33, the

pulling apparatus 100 (broadly, a “puller”) is used to pull an object 151 attached to the

cable 110 in a direction other than vertical. In the embodiment of Figure 33, the

pulling apparatus 100 is used to pull the object 151 over a horizontal surface 153, but

in other embodiments the surface may be sloped. In the embodiments of Figure 33,

the arm 150 is positioned such that the portion 113 of cable 110 is still parallel to the

arm. In still other embodiments, the arm 150 may be positioned such that it is

perpendicular to the horizontal or sloped surface 153. The force exerted on the load

cell 170 by the pulley 140 and cable 100 thus reflects the amount of force required to

pull the object 151 across the surface 153. This force may reflect the coefficient of

friction between the object 151 and the surface 153 and the normal force acting upon

the object. The pulling apparatus 100 is thus able to determine the presence and

relative degree of any change in the coefficient of friction between the object 151 and

the surface 153 as the object is pulled thereon. The processor 300 may use the

determined force and a known factor to determine the force required to pull the object

151 along the surface 153. The known factor may reflect the mechanical advantage



[00104] In sone enbodi ments, such as those shown in Figure 33, the pulling
apparatus 100 (broadly, a "puller") is used to pull an object 151 attached
to the cawbDeoml7éom a direction other than vertical. |npPChaSeodoesoaent of
Figure 33, the pulling apparatus 100 29s used to pull the object 151 over a
hori zontal surface 153, but in other enbodi ments the surface nmay be sl oped.
In the enbodi nents of Figure 33, the arm 150 is positioned such that the

portion liguednt ¢kl e hl@ngdndnt bf theParaf | 4, thcocabliel 181 8Ad/éiths tinh 200, her
enbodi ments, the arm 150 nmay be positioned such that it is perpendicular to
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170 by th | and cable 100 thus reflects the anount offeree
required ?%lﬁ}lg%[sﬁ{?#em%bj ect 151 across the surface 153. This force nmay
reflect the coefficient of friction between the object 151 and the surface
153 and the normal {@X168] adsidsguispdabdveeprebijoas systchimefopulchsunggalppar at us 100

is thus able to.determ ne the presence and rel atiye degree of any change in
the coef f MEIEAPT HF oGt shspsRdiom arrablraoysd avtr ey A% KEICur face 153 as
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force and a known factor to determne the force required to pull "the object
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above, previous systens for neasuring the weight of an object suspended

from a cabltbe Yoditestiongrgricd oputhe pyllofhyethe galde andidefeateEbaticdead qedslits. A
nunber of I - o) ' - [ r S.
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portion 113 has a conponent parallel to the Y axis, that conponent of force
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portion 113 of cable 110 will not be detected by load cell 170 if portion 113 of cable

110 is parallel to arm 150, so errors in the tension will not be detected by load cell

170. Errors in both components of force are introduced by a number of factors, such

as misalignment of the components of the pulling system 100 or the varying effective

diameter of the cable 110.

[00106] The arm 150 restrains the pulley 140 from horizontal
movement parallel to the X axis, and thus transfers the horizontal component of the
force to the frame 130. Moreover, the cable 110 travels along a path that is
substantially parallel to the arm 150 after being routed over the outer circumferential
surface 144 of the pulley 140 and before contacting the outer circumferential surface
of either the idler pulley 180 or drum 200. The error introduced by the horizontal
component is thus rendered orthogonal to the vertical component of the force.
Accordingly, the degree to which the horizontal component affects the vertical
component of the force is effectively eliminated or significantly reduced. Moreover,

the path travelled by a portion 113 of the cable 110 between the pulley 140 and drum



detected by the load cell 170 in the enbodi nents shown in Figures 14, 15,
and 16, so errors in the horizontal conponent offeree will not be detected
by the | o&0208/1176070. |1 n t he enbodi ment shown in Fi gur e PCT/USRIO/0bRPS zONt al
conponent of the tension in portion 133 of cable 110 will not be detected
by load cell 170 if portion 113 of cable 110 is parallel to arm 150, so
errors in the tension will not be detected by load cell 170. Errors in both

conponent 0@{dredieemaled 1180} magHEEsE fyalke] KRS axaf, af ACFRL 175 UhdstdSbe
m sal i gnment of the components of the pullin system 00 or the varying
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arm 150 after bejng routed over the outer circuynferential surface 144 of
the pul | ey>4awndherghdhe pahdvprtpatalighioithe Xotiser The wEgMrBsaswiemsntssur f ace of
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21 oni 11 cantigy G ol NBREGuE Rl et tho) Gk ByE Do aROUBRELS of ¢ he
cabl e 110d§%mrélﬁ%%n’l§eﬂavje%grom%Bﬂm@ﬂ(g( or idler pulley 180) may not

be parallel to the X axis,” as in Figure 17, and still be within the scope
of the enbodi nents. As shown in Figure 17, the Path travel l ed by the
portion 113 of the EB0@l 1Kwures 29ar2 shew additiane %trlh‘?dl@@ntstoﬁasﬂlpgr mtting

t he trans hap. i t 0 tension in
t he cabl e} Slien%{ (t?waﬁlya ulieggl) %r %ﬂ%&gg&% epg] ufﬂhﬁ% {:y% ng?%r%e to the X
axi s. Thezg\eif@?tfroﬁeﬂﬁw @éﬁeﬂbﬁi arbewé ﬁfﬂh&ﬂhbyaﬁmel@mﬁnﬂstmﬁ&mﬂ@ stitisevithsed herein
may be about 10 to 20 tines nore accurate when conpared to t hose of
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pulley 140 are effectively eliminated. The pulling systems of Figures 20 — 28 are

equally well-suited for use in silicon crystal growth operations. Moreover, each of the

pulling systems in Figures 20 — 28 use the bushing 203 and position sensor 201 to

actively dampen pendular or orbital motion of the cable 110.

[00108] Figure 20 shows a first configuration of pulling system 400
in an initial position. Pulling system 400 includes a frame (not shown) with an
actuator 410 coupled thereto. The actuator 410 is any suitable actuator capable of
moving an actuator link 420 coupled thereto between a raised and lowered position.
For example, actuator 410 may be a linear actuator, a rotary drive source used in
conjunction with a cam and follower, or a rotary drive source with the link 420

coupled thereto.

[00109] The actuator link 420 is coupled to an upper arm 430. The
upper arm 430 is rigid and pivotably coupled at a first end 432 to the frame 130. In

the embodiment of Figure 20, a second end 434 is not connected to any other



28 differ fromthose described above in that the cable 110 is substantially
static with respect to the load cell pulley 140 while the object is

wei ghed. wbeolosadsocel | pulley 140 is raised to pull thePobjusearompgeas d whil e
the weight of the object is neasured 3y the load cell 170. Accordingly,
sources of error introduced by the varying dianeter of the cable 110 as it
passes over the outer circunferential surface 144 of the load cell pulley

140 are etémpdiens!of tid puninatyeebm J6€ RAUbLENGmSYIBtepH onblyddaledso 42 - 28 are
equally well-suited for use in silicon crystal growth operations. Moreover,

each of t femga ¢ fing cag dd2ard fortahly geunicdy an agditiogel nubley HOQ A hiFcond and
position é&{‘%g Oﬁf@hﬂloﬁﬁf@gﬁgﬁgg\s@ aP%’lﬂHétf% t8'£he pf%!r hﬂi'l jon of the

cable 110 Pret con gura pulling system
400 in an initial position. Pulling system 400 |ncludes a frame (not shown)
with an actuator 4lﬂxnoaplEﬁﬁHMemﬁﬁngsﬂwmmaﬁmdaxdbanﬂﬁvbghaagnﬁﬂbmable

actuator capabl e of vi_ng. an act uat |ink 420 co thereto between a
rai sed an8™P r%ﬂmbgg?ﬂp M-, ong ey HQTOQE@ WP Qf@ %@ﬂh | i near

act uat or, p&1dyof4araY itd binee PPSNiREnHS BShKisM560H2UASE h QAN c%‘{\d fRn@csamiand
follower, or "a rotary drive source wth the [ink 420 coupled thereto.

[ 00109] Tpeombtymuote the mheﬂﬁtﬂlelys (icoupleeduliay 10, appeiditamal adBy 40Retoupper arm
430 is r| |vo cou Ied4ﬁh a first end 432 to the frame 130. In
t he enbod 8%? BUPRTLERGRY end 434 is not connected to any
otherconponents of t he pulllng system 400. A lower arm 440 is pivotably

coupled to the franpeEtllp The fadesd 1463 pnrstallptat Jﬂsdwtﬁ@muc%euban@n
addi ti onal &ulle 460 at a second end 444. The additional pulley 460 is

sinilar i A% diritstGepisr eys briéhg fiskegongeetpieyThedgad f@blﬂ()lleplwqbév EH@IGEIP] i ng
tem 10 the f
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opposi t e émnnhe, dsiinkallhgBystdhA00454 are rigid nmenbers which pivotably couple
t he ot her puIIeys (i.e., idler pulley 180, and additional pulley 460) to

oi vot ably coupl ed 1 D4kl h@m?a@g{npﬁ (hggpsher Tk PSR ﬁ%%ﬁgtaﬁftd by the.
first conpgghom coﬁ@%o'n@ﬁ‘l‘é cﬁﬁﬂa{ceﬁ%ﬁ’t dfsthfphﬁ%rr akh¥36.09Rd @ﬂ)eﬁr 230 arm

pivots about the first end 432 in response to the displacement of the actuator link 420,

as the first end is pivotably coupled to the frame. The displacement of the upper arm

430 results in a corresponding displacement of the links 450, 452 and second

connector 174 coupled thereto, which in turn causes displacement of the load cell 170

and pulleys 140, 180, and 460.

[00113] The pulling system in Figure 20 is configured to permit the
drum 200 to rotate at a substantially constant rate and raise the cable 110 at a rate
suitable for use in silicon crystal growth embodiments. The lengths of the upper arm
430, links 450, 452 and connectors 172, 174 may be configured to maintain a
substantially constant length of the cable 110 between the drum 200 and the load cell
pulley 140 as the upper arm 430 are displaced. Thus, the vertical motion of the
pulleys 140, 180, 460, upper arm 430, links 450, 452, 454, and connectors 172, 174
may be made independent of the rotational motion of the drum 200, thus enabling the
cable 110 to remain static with respect to the load cell pulley 140 during weighing of
the object provided that the actuator 410 displaces the actuator link 420 at an



t he upper arm 430 by the second connector 174. The drum 200 is coupled to
the frame, as in pulling system 100. [001 12] D spl acenent of the actuator
link 420 w9 20tveria@tiuat or 410 results in correspondi ng diPspliscandetosdf t he
upper arm 430. The upper 430 arm pivol2zs about the first end 432 in response
to the displacenent of the actuator |ink 420, as the first end is pivotably
coupled to the frane. The di splacenent of the upper arm 430 results in a

cor r esponghiepiits Rit@ CEREb1Of 10t hEs tehidks sk, wiftbrdspdtdtostBie fiad cenpapst or 174
coupled thereto, which in turn causes displacenent of the |oad cell 170 and
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rate and ?g%@g&i%ﬁh%g@?§w%§%%g%%§M%§Pg9%%%?g§$gﬁ?§r use in silicon crystal
growt h enbodi nents. The | engths of the upper arm 430, |inks 450, 452 and
connectors 172, 174[(edy4belrcBighiedlly, dat rtlatinalengihs of theslidatcanon dlel y const ant
| ength of the cable 110 betwee e drum 200 and the | oad cell pulley 140
as the upBRRCAFTIGOm &S V%iﬁrlgéég fo t%ﬁ@g}nt% 0N NG of ¢ he

pul I eys 140hned®017460 1itiRRBD, £2M480he bLpks thpQo aftdpprdkatcRNdo cOANECt OF S
172, 174 may be nade independent of the rotational notion of the drum 200,
t hus enabhmnhg0toneudaibsethérof, respeesmeiyn Elcatlativedangthradsheamm 440 sHeb.1 oad cel |

pul l ey 140 during. weighi f..the j ect provided.that th ctuator 410
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errors i ntofigyeatiosrenmerparcddo Bie anthwdirperds shwn mAQgurp9dh andi32.| n Fi gure 20,
the relative lengths of the distances on the upper arm 430 fromthe first

end 432 to the poin r o o%ﬂﬁ§ Of . . i nks 450,
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the pulling sy-stern 500 is used by moving the drum 200 to that side and generally

relieving constraints on the size and placement of the drum.

[00116] Pulling system 500 includes a frame (not shown) with an
actuator 510 coupled thereto. The actuator 510 may be any suitable actuator capable
of moving an actuator link 520 coupled thereto between a raised and lowered position.
For example, actuator 510 may be a linear actuator, a rotary drive source used in
conjunction with a cam and follower, or a rotary drive source with the link 520

coupled thereto.

[00117] The actuator link 520 is coupled to an upper arm 530. The
upper arm 530 is rigid and pivotably coupled at a first end 532 to the frame. In the
embodiment of Figure 21, a second end 534 is coupled to a link 552 which is in turn
coupled to an additional pulley 560. A lower arm 540 is pivotably coupled to the
frame at a first end 542 and rotatably coupled to the additional pulley 560 at a second
end 544.



[001 15] Figure 2 1 shows a pulling system 500 which is simlar to the

pul ling system 400 shown in Figure 20 and operates in a simlar manner.
However, wbeodvumo200 i s positioned laterally to the | efCTafS2el0028005d cel |
pul l ey 140 and the cable pays off of 8 top section of the drum In Figure
21, the space on the left hand side of the pulling system500 is used by
nmovi ng the drum 200 to that side and generally relieving constraints on the

size and pl acement Eo1URE Oikethe pdlOdg atenPUbd HAQriBYEIRE 200 ainhchbides a
frame (not shown) wth an actuator 510 coupled thereto. The actuator 510

may be anpivetabbatsugledde thetfinmerasicad omdietptably eovpledttashcdpad ¢k 520 coupl ed
thereto bﬁﬁl@eﬂoaat Etg'ofh%g, oﬁggsiﬂe W' iﬂu&%%b}és%”ssf%re r?f@%hl%ers%ﬁi tor 510
In r actuator, r Yy ri |

may be a a otar Ve source use n-conjunction with a
cam and f pivoaibBrcouple the bbicapyllags (ive, idlu palécywi B0haridwelditiondl pEkyce0ptoed
thereto. [001 17] The actuator link 520 is coupled to an upper arm 530. The
upper ar ntigss thesframe ppg/anife BPRSEBIYOcoupl ed at a first end 532 to the

frame. In the enbodi nent of Figure 21, a second end 534 is coupled to a

link 552 which is imphyon ¢RURaEYCH @761 RAALEIL ORI thEYoaaRBH piiidpver arm
540 is pivotably coupled to the franme at a fifst end 542 and rotat’ably

coupl ed t 444 htgtsaddict pondy thaufidsegonBegont The lead onidl Bhnid p5atbl0eupigltoLi ke t he

pul ling system 100 cri bed abave h rm 150 i i vot ab oupled to the
e o BRe DB Pohassisng gissiond 7o Thadomb 2 i PhtEnta B9 a0 at % ¢

ot her, oppamctig0endn plhilinksysod,10052, 554 are rigid nenbers which pivotably

coupl e the other puIFeys (1.e., idler pulley 180, and additional pulley

560) to either the frame and/or the upper arm 530. [001 19] The | oad cel
170 i s pivotably colfflé@l t Bisphscmenicpls actynion link RO vhe petgateedtler axis by

the first | | : . | N
b 530 by EReR SR Enohlfe ARfErhy il WP ST YnE R Bl S0 e P are
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530 results in a corresponding displacement of the links 550, 552 and second
connector 174 coupled thereto, which in turn causes displacement of the load cell 170

and pulleys 140, 180, and 560.

[00121] Figure 22 shows a pulling system 600. The configuration of
the lower arm 640 (lower arm 540 in Figure 21) in this arrangement differs from that
of Figure 21. The lower arm 640 has two bends formed therein and passes below the
drum 200. Moreover, the cable 100 pays off of a bottom section of the drum 200.
The configuration of the pulling system 600 in Figure 9 is more compact vertically

when compared to the pulling system 500 in Figure 21.

[00122] The location of the drum 200 in Figure 22 may be modified,
but if the cable region between the drum and an additional pulley 660 is horizontal, a

lower arm 640 has one or more bends to prevent contact with the drum.

[00123] Pulling system 600 includes a frame (not shown) with an
actuator 610 coupled thereto. The actuator 610 is any suitable actuator capable of
moving an actuator link 620 coupled thereto between a raised and lowered position.

For example, actuator 610 may be a linear actuator, a rotary drive source used in



pi vots about the first end 532 in response to the displacenent of the
actuator link 520, as the first end is pivotably coupled to the frane. The
di spl acernmot2omf11tése upper arm 530 results in a correspordrng2adiospdoas enent
of the links 550, 552 and second conmd®ctor 174 coupled thereto, which in
turn causes displacenent of the load cell 170 and pul | eys 140, 180, and
560. [00121] Figure 22 shows a pulling system 600. The configuration of the

| ower ar meéifndioaWath 2&dih BAdfolIdwkt, B b @otdd) drive solitce vaitr dpgarepy differs from
that of Figure 2 1. The |l ower arm 640 has two bends fornmed therein and

passes beF@Wlehécigiaum 200. Mreover, the cable 100 pays off of a bottom
section of the drum 200. The configuration of the pulling system 600 in

Figure o 1s more compsiy veht LARkbYNGR CORAEES kbeaBHild ng Y St om 500

in Figure 2 1. [001 ocation of the drum Igure 22 may be
nmodi fi ed, upypr aith 6806 K@blaad pagtabty detpleden atfing cdd 632 sntlie dnneddhtheonal pul | ey

660 i s horizontal | ower arm 640 one ar 1 nds to.prevent contact
with the BRORITEBbAZEREGR ?ﬁf‘gog%@cgﬁf%momeqi hoiBk _635 FPieS _(*ﬂtyfn shown) wi th
an act uat g, Bn6 Q4@tiesch HIREREQ). THRoREL Mat &40 i@éb@vdte%l@@cyuﬁé& thakl e actuator
capabl e of noving an actuator |ink 620 coupled thereto between a rai sed and
| ower ed pbsinciaba firfeond 642 mpl wiatady geupded ©1tbe addititral pulldynedrat aceesatlor, a
rotary dri%£6§furce used inconjunction with a camand follower, or a rotary

drive souft”Wth the link 620 coupl ed thereto. [00124] The actuator |ink
620 is coupled to an upper arm 630. The upper arm 630 is rigid and

pi vot abl y coupl ed afoea2f]j r stkeahelp@Bag titdrhe0d dedEbed dbovbethemedsorant of
Figure 22, a second end 634 is coupled a link 652 which is in turn coupl ed

t he addi t PyREbLpAUPkd te iy, frameat angespd snghreablyscypleditaBiooebeddl ed to the
frame at i g . t e AW pul |l ey 660
at a secoﬁﬁmégg%éﬁ%gOﬁééf%gﬁn%%%g'?ﬁg¥Sﬁpﬁ?%ﬁggig?gﬁﬁigggﬁégggﬁgéd above,
t he ar m 1pBotablypeonpicaht ytheopydlosd (it itllee philit e Oatn datelitéond] pulleg 6603 @t abl y
coupled to the | pad ce Itgulley 140 8t its other, opposite end. Links 650,
652, 654 aﬁt@rﬁh&‘gﬁ%}n @rt8e Wape grm 630.
[00126] The load cell 170 is pivotably coupled to the load cell pulley
140 at its center axis by the first connector. The load cell 170 is pivotably coupled to
the upper arm 630 by the second connector 174. The drum 200 is coupled to the

frame, as in pulling system 100.

[00127] Displacement of the actuator link 620 by the actuator 610
results in corresponding displacement of the upper arm 630. The upper arm 630
pivots about the first end 632 in response to the displacement of the actuator link 620,
as the first end is pivotably coupled to the frame. The displacement of the upper arm
630 results in a corresponding displacement of the links 650, 652 and second
connector 174 coupled thereto, which in turn causes displacement of the load cell 170

and pulleys 140, 180, and 660.

[00128] Figure 23 shows another arrangement of a pulling system
700 in an initial position. In the embodiment of Figure 23, the actuator 710 is coupled
to the second connector 174, which is in turn coupled to the load cell 170. The load
cell 170 is coupled by the first connector 172 to the load cell pulley 140 at the center
axis of the pulley. An arm 750 couples the idler pulley 180 at its center axis to the



pi votably couple the other pulleys (i.e., idler pulley 180, and additional
pulley 660) to either the frame and/or the upper arm 630. [00126] The | oad
cell 170 we2piwviat@bl y coupled to the load cell pulley 120TAiS201092808ht er

axis by the first connector. The | oad5cell 170 is pivotably coupled to the
upper arm 630 by the second connector 174. The drum 200 is coupled to the
frame, as in pulling system 100. [00127] D splacenent of the actuator |ink

620 by thecragtdtal @ithSbAd casphlley 140. ADdesRQ00, NG tHE skAseMRBiemE, ithe upper
arm 630. The upper arm 630 pivots about the first end 632 in response to

t he di spl edtetaRlitcoupled rethg ditamet dhelactirtos Z00 thas displaces the seeond cpangsiojot abl y
led t i ;
cor Fespondl haTertyo P Enaut s SsARORGEITRAL ) BRFLBREL FUE SHBA IS | " %,

coupl ed t hedortesponaimgcdisplacemennoCie $ed odil 400 ane trdtccbhulidyel40oddiceel | 170 and

pul l eys 140, 180, and 660. [00128] Figure 23 shows another arrangenment of a
pul I'i ng spglﬂeeyn%gﬂc;@pwmagw spteddp thsdf&anas By an pe ORBINGHHS AP HEAX o LIk gure 23,

the act uat g o{dQy i 80 RUIPLRHIEQ (& HEGOMGof FTRGSAEcskébnd MBhAkdS 110 turn
it q#? i e&1oa§ ce F e B’ t%

coupled to the load ce 0. T 170 Ts coup y e first
connect or 174, 2o4docellNg 0] HatcamicttoplTl, epd lo4d call puhey tnt er axi s of the pul | ey.
An arm 750 couples the idler pulley 180 at its center axis to thecenter

axis of the |oad ce I 140. The um 20 | i ke .the ot her

arrangenents. s 1 olBRl y THe iftaulE £ 8% Ahke omBARRSR 518 ¢ hus

dlSp'aPeSFﬁhﬁaﬁﬁQ@ﬂgc&ﬁaﬂﬁﬁiﬁaxﬁ&ﬂg@i&ﬁﬁééﬂ%odﬁ&ﬁ@ﬂhlﬂﬁﬁa@ﬁ&ﬁmﬁ@h&an upper

arm Displacenent of the actuator results in correspondlnﬁ.dlsplacenent of
B

the | oad wllpadizdl radlgy [16@and diclidlgupyliey 18Amay bl dsplingdjupgn dsplaremeity ot abl y
| ed h l.e. ' [ . AXI I.dl |1
coupled t ?f %1;6 gé%trcgglgec? 139 %)éidgho 1%161%25)%&8 Iag?%h%fegtt g&n%xtb The df?eﬁﬁe {nq er pull ey

180 is no ace ent CeS secon conneXtor 174,

| oad cel | thed®¢ ubdd Btkeep idia@givbiey 18@ corsfdinkd agliteslldwdadatie Yinkditioh0B329] The
idler pulley 180 may not be coupled to the frame by a pin or axle at its

center axfgim 2Qenudd rriate Jacorrsdeivtean Hereble nopiqisucanBeiatettls, the | oad
OF Lot | P 0 Al UGy PH ot A0 Y RS 3P 736 REpHPANNE SPI acerren!

of the first “connector ditiona nd attac nt points to the
frame mayload cell pulley and idler pulley upward.

[00130] Figure 24 shows another embodiment of a pulling system,
referred to generally at 800. Figure 24 shows the pulling system 800 in the initial
position. The second connector 174 couples the load cell 170 to the actuator 810. A
bar 812 is coupled to the first connector 172 such that displacement of the first
connector results in corresponding displacement of the bar. The bar 812 is suitably
formed of a rigid material. An upper arm 830 is pivotably coupled at its first end 832
to the frame 130 and at its second end 834 to the bar 812. The upper arm 830 is
disposed above the drum 200 and the load cell pulley 140 in the frame 130. A lower
arm 840 is pivotably coupled at its first end 842 to the frame 130 and at its second end
844 to the bar 812. The lower arm 840 is disposed below the drum 200 and the load
cell pulley 140 in the frame 130. The load cell pulley 140 is pivotably coupled at its

center axis to the bar 812.

[00131] Accordingly, displacement of the actuator 810 results in
corresponding displacement of the bar 812 as the second connector 174, load cell 170,

and first connector 172 couple the bar to the actuator. Displacement of the bar 812 in



then be used to keep idler pulley 180 constrained to its allowed path. In
addition, the drum 200 coul d rotate backwards to keep the cable portion

bet ween twe 2bwad7eel | pull ey 140 and the idler pulley 180TAtSationeswpy whil e
the actuator 710 displaces the load c¥®l | pulley and idler pulley upward.

[ 00130] Figure 24 shows anot her enbodinent of a pulling system referred to
general ly at 800. Figure 24 shows the pulling system 800 in the initial

posi ti on. tyHhexses eitebspHIMRE Highladertent OF Dk Sadt ded pudiad 18®hdd thé Qgp@ akme

actuator 810. A bar 812 is coupled to the first connector such t hat
di spl acen# ansf lopigpam B4Q catpladebersio.resul ts in corresponding di spl acenent
of the bar. The bar 812 is suitably forrred of arigid material. An upper

arm 830 is pivotabl roo(ﬁt@%}e) E% ?‘%FS% 'fs%tsh%%ngﬁégéﬁb?&siﬁl hi &P %ﬁﬁ) and at

its second end 834 e upper arm above t he
drum 200 systen refelodtb gaietallyudt DO§. HigOrd 20 A HlewsrtherpulliB) systerh 00&in them 840 i s

pi vot abl y pl ed at S first d the fr 30 and at second
end 844 1 BVEHEOBHPT sﬁlzﬁmgfﬁet%v‘%ﬁ{f s agaTe %%6%‘ Wbtéraamuﬂ@réf%m 200

and the | gaghiGethbreRH T1RYachhtbriol 0yt sru?tﬁﬁe]aglgatorrb ab%@qn‘ﬁdlﬁ pulley 140 is
pi votably coupled at its center axis to the bar [00131] Accordingly,

di spl acenedtnatof llmmw%muumohersmdaehwmlatrglsrsdramb}omesqdqmltwg dospl acenent  of

the bar 812 as th e ctor andf .rst connect or
105 eoupl Bepie el TR g HERIRR et A M el Fafunstot oo

causes COwiBSRARMAMIFHOWE BEL R di’lfvekzhﬁldlﬁﬂgccﬁlglédtﬂé%ﬂoey 140 and the upper
arm 830 and | ower arm 840 coupl ed thereto 2] Figures 25A and 25B show

anot her enbodi nent of a ]oul ling syste referred to generally at 900.
Fi gure 25A shows thH)Odéii Adislleentrgpd3Q epupkes tlrlqﬁomiarllm&qwh‘@ﬁo theyl | i ng

system 90 a m}% coupl ed
t hereto. i:Iah rbgl@?ﬂ??o Agg%dﬁa 1&%}%{/&1 sul taop@e%&eﬁﬁl{e@ﬁﬁl%%) tgjagf novi ng an
act uat or hddiko20 puitougrle dlicHastdbechatmiesn dstilaingd@d2apatet apat ﬁdnmm tion.

For exanpl e, actu t 0 may |.i near act uat or rotary ve used in
conj unct i B¥Xinsleng 9 3%?23?181“0?‘61“1‘ P34 éﬁr‘%éPOrSB atr%rn&rrfgecerthas @ﬂthr( coupl ed

:Egr et 0. [HQ1Rdky Agd hiBihe iR en@052 R3PS foRUPAES nbdlant BaferC&is ot logy 140 to

cell pulley 140. Similarly, the second lower arm 940 has a distal end 942 spaced apart
from a proximal end 944. The proximal end 944 is disposed at or near the center axis
of the idler pulley 180 and the distal end 942 is disposed at or near the center axis of
the additional pulley 960. The distal ends 932, 942 are suitably pivotably coupled to
the load cell pulley 140 and additional pulley 960, respectively. The proximal ends
934, 944 of the lower arms 930, 940 are suitably pivotably coupled to the idler pulley
180 at a center coupling 954. The first lower arm 930 and second lower arm 940 are

thus able to move independent of each other.

[00134] The actuator link 902 is coupled to an upper arm 912. The
upper arm 912 is rigid and pivotably coupled at a first end 916 to the actuator link
902. In other embodiments, the actuator link 902 may be differently positioned along
the upper arm without departing from the scope of the embodiments. A second end
918 (spaced-apart from the first end 916) of the upper arm 912 is pivotably coupled to
a first connector 920. The upper arm 912 has a center coupling 914 which is
pivotably coupled to the frame. In the illustrated embodiment, the center coupling

914 1s disposed at the mid-point of the upper arm 912, thus coupling the upper arm to



idler pulley 180. A second |ower arm 940 couples the idler pulley 140 to an
additional pulley 960. The first lower armhas a distal end 932 spaced
apart frowpaomriaxéiomal end 934. The proxi mal end 934 is @CIas3@Ed/02809Dr near
the center axis of the idler pulley 180 and the distal end 932 is disposed
at or near the center axis of the load cell pulley 140. Simlarly, the
second | ower arm 940 has a distal end 942 spaced apart froma proxi mal end

944. The picchdniedt tRhiBAdint. SIndbrsRRERPddlen®y, tHeRhtek bouptidntoan igudts of the
idler pulley 180 and the distal end 942 is disposed at or near the center

axi s of tHepeadiat themaid-neintiodgheogper aed ) addp seased agap froovthe gridpsint t abl y

Fespecti val 5o Bt I en BRAGbin Rl e WP S Lo RIRGLBIO MY ore

sui tably pawetaahd pidpoipt.ed to the idler pulley 180 at a center coupling
954. The first lower arm 930 and second | ower arm 940 are thus able to nove

i ndependent of each_ogther. [00Q0134] The vator link 902 i oupled to an
upper arm 912. The Lﬂ%éﬁ a?h? ﬁséc‘#glefni%%& é?ﬁat‘HP}Pb‘foéﬁ?ch%‘Bﬁ?ﬂc@d @t a first
end 916 tR)aH_Q@ll@?G.U@B@foah'c_élk_l%’%a)i\bdlat%Q@ﬁpl&f%qgé RAtcsH philg pefdiakor 1ink

902 may be differently positioned along the upper armw thout departing
from t he sowgexofbyt heecembouingeint 822. Allsecorml @ndc@igdsphscaappdrs from t he

first end, 916 h r arm i S,..pivotabl upled to a first
connect or G361 TRt s PR TwAGs il B Bhitd B RyTe iR uhp e

pi vot abl y 9 enuitseftst hdtd @ th iRReordNotvBearl d4tsitiatiedaieabodr MeR¢ drunhe center
coupling 914 is disposed at the m d-point of the upper arm 912, thus

coupl i ng E0Risipppeled & thetftsmive as indhe pelling Rester dOR deseribed sbayeher enbodi nent s,
the center coupling 914 is not disposed at the m d-point of the upper arm

912 and i's spaced amish SRR BRSO lnd 06 HARCEy 2T ad\ckRPe

enbodi nents, the up 'S S not "coup to the frame at its

m d- poi nt lod®@kB9U0 Tivascparntet distimmn ecindrer 2The onhéection batvpicu oicafitsylos@upl ed to
the load cell 170, The ] oad cell 170 is pivotably coupled.to the |oad cell
pul l ey 14830 gud %?é?ﬁl%éowgk pam B0 andsthe Sitenecion Retiors 9pple PiEdsecond

i 0. con B bl e, g g R g BB o e
second | ottkerusapfry@4s oabdthict suidbktcahnentidn 9t2hodfheodicutm eliminate or reduce

bending moments at the connections. The lower arms 930, 940 are both pivotably

coupled at their respective proximal ends 934, 944 to the idler pulley and/or the

frame. The lower arms 930, 940 may be coupled in an overlapped arrangement as

shown in Figure 25B, or in any other arrangement. The proximal ends 934, 944 are

suitably separated by a bearing, spacer, washer, or other suitable structure such that

they are able to rotate independent of each other (i.e., rotation of the first lower arm

930 does not necessarily require or result in rotation of the second lower arm 940, or

vice versa). The lateral position of the lower arms 930, 940 within the frame is thus

substantially fixed in place with respect to the frame, and the lower arms are able to

rotate about their respective proximal ends 934, 944 independent of each other.

[00137] Moreover, in other embodiments the actuator 910 and
actuator link 902 are not used. Instead, a rotational drive source is coupled to the
upper arm 912 at any point along the upper arm. In some embodiments, the rotational
drive source may be coupled to the upper arm 912 at or near the center coupling 914

of the upper arm. One or more speed reduction or torque multiplying devices (e.g., a



200 is coupled to the frane, as in the pulling system 100 descri bed above.
[00136] As shown in Figure 25B, the first | ower arm 930 and second | ower
arm 940 aweempar@te, di stinct nmenbers. The connecti on PETMESRI100RS®9S i r St
| ower arm 930 and second |lower arm 948 and the frame are shown as sinple
pi nned connections for clarity. In other enbodinents, the connections may
be made through the use of yokes or other suitable connection nethods in

order to glahdhiRatar Aiduétehideside Rl bg usRmtbajuattidhRite RnettibRHrivéhe | oner
arnms 930, 940 are both pivotably coupled at their respective proximal ends

934, 944 t@reheAdditienallyytheagtaioml drive prures map be Fretaryoikge wWilisge930, 940 may

be coupl ed ] . ed arrangenent as shown in Figure 25B, or in any
ot her arrg%géﬁgﬁP?gg%%gggoxinal ends 934, 944 are suitably separated by a

beari ng, spacer, washer, or other suitable structure such that they are
able to rotate i ndef#idght Thé cemebtoot 92 971, 984 and ad¢tastookinkoP0xdre first | ower

arm 930 does t .necessari l require or result .in rotation of the second
| ower ar ngwﬂg&?glgmcwﬁséy?or el diselagemeps Of e ugoron 8 resylfe it ar s 930,

940 wi t hi Boﬁésﬁoﬁdﬁﬁ‘gl&isbﬁc&ﬂéiﬁ oﬁﬂll%%’fraﬁnh@'ﬂ%fﬂ F&rh01PLAGR AMdafbrigiPect to

the frame, and the lower arns are able to rotate about their respective
proxi mal 80isoudBes, th@uppcir ade pethdentuatof. E€behprer hem 912 604B8YPr wboteobeut, in

ot her enmbqdi ments the tuator. 910 and tpator, L 02 are n used.

That ead 8 poTaepaRdre O UEh S aPeen Bl b MRS I BB BrRP015 5t any
poi nt  al opg tHRtUARREMKIOM Didpl£RARnEMRE I RALEN Ol D@ fued afus@nal drive source
may be coupled to the upper arm 912 at or near the center coupling 914 of

t he upper C@FFPOTHRE Bisplapgrecns péthg coarstars 820,022t Bipnd laad eallpl iasdghalevi ces
(e.g., ap [ i i i junction with
the'r ot a Tonsp aied SRS R o T Rnd St G RS OB S i e mmy
be a rot asgcond agmetior Id izitng pivasitdp pouydedivol ti€load catbt or . [ 00138] The
connectors 920, 922, 924 and actuator link 902 are generally rigid

M e ] R M T ST
et LT Ve e B TS RN 0 TR o 01
first endp@igy ¥, tehpeotipplgr Tae hovddr2rms 930, 940 are correspondingly displaced as

well. The lower arms 930, 940 substantially restrain the load cell pulley 140 and

additional pulley 960 from lateral movement as the proximal ends 934, 944 of the

lower arms are pivotably coupled to the frame and the idler pulley 180. The actuator

910 may subsequently retract or raise the actuator link 902, resulting in corresponding

upward displacement of the additional pulley 960 and downward displacement of the

of the load cell pulley 140. Moreover, as compared to the other previously described

embodiments, the embodiments of Figures 25A-25B and those described below have

unique advantages. The actuator 910 is not required to lift the entire weight of the

object, as the arms 912, 930, 940 and additional pulley 960 cooperate with the load

cell pulley 110 and idler pulley 180 to balance the load imparted on the cable 110 by

the object attached thereto.

[00140] The pulling systems in Figures 25A — 25B are configured to
permit the drum 200 to rotate at a substantially constant rate and raise the cable 110 at
a rate suitable for use in silicon crystal growth embodiments. The lengths of the

connectors 920, 922, 924, upper arm 912, and lower arms 930, 940 may be configured



by the actuator |ink 902. D splacenent of the upper arm 912 in turn causes
correspondi ng di spl acenent of the connectors 920, 922, 924 and | oad cel

170 as t hwofanrgti7@onnect or coupl es the second end 918 ofCrhuS2cpe8095r mto

| oad cell and the second connector is3n turn pivotably coupled to the | oad
cell. [00139] Accordingly, the displacenent of the connectors 920, 922, 924
results in correspondi ng displacenent of the |oad cell pulley 140 and

addi ti onalo fbintay a 9itankiels p@@ﬂstavleleﬁgrthﬂmaﬂﬂ@mo bafwsen GaddBtapgigley
correspondi ngld\; di spl aced as wel | he |l ower arns 930, 940 substantially

restrain 9%311 & 1%3él aell pyl 1%9401@6119%1)6&@6%9%hgaqhslﬁﬁﬂeldév theactpateminkat er al

novenment r r e pivotably
coupl ed tgé% ?e&%%ﬁé z)? pglﬁ‘l%?lée)y Iggo t%pe?’?@?g% 910 may
subs equentégnectetg%ﬂt 92, o04) eﬁﬂ lbher atis 9a0 0940l makbOhade indspdnidemtafithe

correspondi ng u war.d di splacenent of the addit] onal pull ey 960 apd downward
di spl acenit lqsl@ pREoRy T @ﬁér%aeo By enghlipgsthe ealfe 1B fumpein stalse wihpared to

the ot her negfj&\{&&fﬁ%éyadd&ﬁgf&}@%g?(gm‘g&%m So oFhf vént edi ments of Figures

25A- 25B and those descri ue a ages. The actuator 910
is not required to lift the entire weight of the object, as the arns 912,
930, 940 and additi BWdH1puFigey %ﬂlowcapenhat mangtmemmalmlﬂmmuenpul ley 110

and idler 0, t 0. bal ce | oad arted .on, the cabl e 110 by the
obi ect at {Qthedh REALRS P00 R ar e viEm [T S ufit i e Bobiat 250 2o
are conf i geigsh 4l PRWE podifiéh Qﬁﬁlﬁ} #Qfatto? thohAlify Jistetn SOPSHoRMthal | y const ant
rate and raise the cable 110 at a rate suitable for use in S|I|con crystal

growt h enbtetiareiiBs resrersivelyndn Hi epmbadiracns of e o6 202dditiopgl logbepll upper arm
912, d e k
an heng]ts u?éﬁccgﬁqlnctio‘iibwgg}’he%a& f 1'%)3 ﬁ%ta%dﬂ% Qltlfililxc{' . eqb@glasig antially

const ant tween |ona and the | oad
cel | pul | pysitleddas bétheew piepivatablyXbapled odlo®pbﬁﬁ}§€hd3y0 hhlﬁrcacdnua&tolr | i nk 902.

Thus, the vertical nption of the\,\ﬂf”e s 140, 960, the up(ﬁg arm 912,
connect or $0%bid gpprth gomnectprd 0 %’r“%%o@é@a dgalp | hfis pacchigduoYiftle pendent

of the rot, {8{1@1 BBLARR opfint " thUS, S ocqlle 110 to
remai n st aét?(lhé W t resR)ecot 1t %Qﬁﬁ% Fg(r}gﬁp& PI q%esglgzgggtirﬂ@ng%\%el ghi ng of
t he obj ecbxan[qﬂa]maa]suﬂéngutsealébﬁ tyhtbeved datiarialh hfadaleﬂ dhgearentdicitiva opthd | ng syst em
friction present in the pulling system 1000. If the measurements taken by the load cell
1170 do not correspond with those taken by the load cell 170, the bearings and/or

pulleys in the pulling 1000 may be defective or out of alignment.

[00142] The pulling system 1000 may include the same components
as those of Figures 25A — 25B. The components may include: the cable 110, the load
cell pulley 140, the load cell 170, the idler pulley 180, the drum 200, an actuator link
1002, an actuator 1010, an upper arm 1012, an upper arm center coupling 1014, an
upper arm first end 1016, an upper arm second end 1018, a first connector 1020, a
second connector 1022, the third connector 1024, the fourth connector 1025, a first
lower arm 1030 having a distal end 1032 and a proximal end 1034, a second lower
arm 1040 having distal end 1042 and a proximal end 1044, a center coupling 1054,
and an additional pulley 1060.

[00143] Figures 27A — 27C show another arrangement of a pulling
system 1100 in three distinct positions. Figures 27A shows the pulling system 1100

in the initial position, Figure 27B shows the system in an upper position, while Figure



1000 in an initial position. The pulling system 1000 i s novabl e between an
upper position and a | ower position simlar to that of the pulling system
900 showwonrrofvguoes 25B, respectively. In the enbodi neRrCTafS2H0HL80E3 26, an
additional load cell 1170 is used in 4onjunction with the |oad cell 170.
The additional |load cell 1170 is positioned in between and pivotably
coupl ed on opposing ends to a third connector 1024 and a fourth connector

1025. The2addhdwothalsydt@adn @@dwer%&@lthTu@ﬁﬁﬂlmg fméﬁ{ll(ﬂ@O addiddl@dahe
information on inpedinments to notion in_t systen11000 For

exanpl e, PEBEGEHBPANNNE ap Hlespobljigures 284di 11 mafh uhéa@ce@épm ofithgadlgi e i ndi cati ve

f the f t t
Caken by PRASTROAEREPhpbineR BN 1 O PRI oell pultbF LIERRHETEND
cell 170, célh&7(hear drogps208nad aotufaod llufkylsl(nnaﬁ dreugood 11100anlQ/Rr amy 1 b2, def ecti ve

or out of alignnment. [00142] The pul l'ing system 1000 may i nclude the sane
conponent &N HRDY REB &cer qugliped! B an uppesgrmThg cad ) bheRt @i S5e9te: t he

cabl e %20 end per gl Qﬁ@st%shﬁecwfhh@a als%gonmﬁné&@ldl 128! Ath%%nﬁ&@oﬂ idbgr, pull ey

180, um 200, an actuator , an actuator 1010, an upper arm
1012, an ﬁppknwamnndé&@hawn@aﬁmmﬂgndmlﬂzmahiwppﬁmﬂanmﬂiﬁ#ame@mm41016 an
upper arm second n 1018,. a fi connect ar second con ector 1022,
LR Ct i alBin ABe a0 hoane tishbead bR mutigt axbyid. S SFRRSOSP e ar m 1030
having a dis4 ahd 8n8ddiGdal paeyan wooxi mal end 1034, a second | ower arn11040
havi ng distal end 1042 and a ‘proxi nmal end 1044, a center coupling 1054, and

an additional puIIe 1060 L00143 Fi gures 27A - 27C show_ anot her
arrangenent of a pu 8l sybe embadiooni of Kigwree2 o st7hcdiffpoipmitbriof Fi gures

21A Sho""SF}%u esP4lA An'&gzsﬁ’lﬁttﬁ{l‘iaé%&’lg \A#Hrl &ﬁ%n&t’lhélﬂég Fiﬁsi%éd i il BYLE 278 shows

t he systemS n an upper systémin a

| ower poshitnh O30 élfid%emﬂdlbwgrmlmalégﬁzomyy¢dm@ldddetﬁd1ﬁarﬁ@.rre conponents as
those of Figures 25A - 25E, with the exception of the idler pulley 180. The
conmponents include: the cable 110, the |oad cel uIIe t he | oad cel
170, the drum 200, HPl4et uktegre 43 ﬂPWffGQt%%?fn iR o1 balgsgﬁtealpper arm

1112, an ypReh a%rlﬁﬂtlﬁ sﬁ{onC%E'ﬁuﬂﬂlgjsé%m %09@ bl%rorf“trfahﬂ&ion%ée]nm an

upper arm second end 18, a first nnect or a second connector 1122,
a third cemngwirend o4 position as described above in relatlon to Figures 20 —27. The

pulling system 1200 utilizes the same components as those of Figures 25A and 25B.
The components include: the cable 110, the load cell pulley 140, the load cell 170,
the idler pulley 180, the position sensor 201, the bushing 201, an actuator link 1202,
an actuator 1210, an upper arm 1212, an upper arm center coupling 1214, an upper
arm first end 1216, an upper arm second end 1218, a first connector 1220, a second
connector 1222, a third connector 1224, a first lower arm 1230 having a distal end
1232 and a proximal end 1234, a second lower arm 1240 having distal end 1242 and a
proximal end 1244, a center coupling 1254, and an additional pulley 1260.

[00146] The pulling system 1200 generally differs from those
described above in that a drum 220 is rotated by approximately 90 degrees with
respect to the position of the drum 200 in the other pulling systems. Accordingly, the
center axis of the drum 220 lies in a plane that is perpendicular to a plane or planes
containing the center axes of the other pulleys 140, 180, 1260 in the pulling system
1200. According to some embodiments, the drum 220 is mounted on a splined shaft

and is able to slidably move along the shaft in a direction parallel to its axis of



first lower arm 1130 having a distal end 1132 and a proximal end 1134, a
second | ower arm 1140 having distal end 1142 and a proximal end 1144, a
center cowmpl2orgi116b%4, and an additional pulley 1160. [ O0®@CIAAP010I028093

enbodi nent of Figures 21K - 21 differ4iffromthat of Figures 25A and 25B in
that an idler pulley is not included. Instead, the first |lower arm 1130 and
second | ower arm 1140 are pivotably coupled to the frame. [00145] Figure 28

shows anotdigionatedhtaBt g@bradly putgehdigulay si28bdRQeh the cableilnD bhdtheposi ti on.
The pulling system 1200 1 s capable of translation between an upper and

| oner posPeicbirfse gediedrad Impgoecmppdimpris, the drgn magipseepd 20t slide7 . The
pulling s : : ik . . . Fi.gures 25A
nd 255, {pnE B RESRCKhAdER hIAGTRTE LRRCRERLE pffeih WARE Bl O T30
the | oad clednlgink4ftcht Reorh chegperypattieyofFBQyre LRethppith bthe gervsos walil, the
bushi ng 201, an actuator |ink 1202, an_actuator 1210, an_upper arm 1212, an
upper ar mTCERPERs f@e&mqgwseﬂz&%? right dpl ploae the pyter sugfaer qutﬁesiﬂ%%%per arm
second end 1218, a first connector 1220, a second connector 1222, a third

connector 1224, a fidal7] ONEEpR4tBnl g3 Pulldyi Hetes OF Bldlesend IPdguand a
proxi mal end 1234, a second lower arm 124 aving distal end 1242 and a

proxi mal #rdtaR4datignsbgnbatwecaothpitig 1 1® & thahehdaellpatiecy 14hby pul | ey 1260.
[ 00146] Th ul]ing.system 1200 gen Ily . di.ffers fromthose descri bed
bbove | ' HIETaRaIESH TR o ST e P D By R BER { 1
respect t@h¢pRCBAVekindBy Wwirhe 16 Wid200 pulleyt N Withefe RtlatdrFbns XSt €Ns.
Accordingly, the center axis of the drum220 lies in a plane that is

per pendi cultigl, substaniillyrhorigents] paseiondenshwiv ind'iguie 28 ot exanpleltodt t he ot her
l'le 1 . 12 in the | i t 1200 ' to sone
Eﬁbodyﬁen‘8?“?ﬁ%“%%uﬁgiingQ“%ﬁﬁﬁﬁkﬁﬁ%ﬁ%gng?Pﬁ dpgﬁ%@ﬁﬂ%%@@gs agle to

sl idably awmachcdtoothg chdhef thbabble il m0 apehrdeahil@thepablrk@hbint Qubistamtiably s
ofrotation to naintain a qgnerally per pendi cul ar angl e between the cabl e

110 and t HationitBrespaetitadie lgnd erilericymWhan the ke celrpBlenitiisachenan dr um may
| nstead ng pe?-'rh&‘?g@éif?&g thd &t%(?ﬁo@g s'tfd b 88 ?&ﬁey'v@ﬁleetﬁg ﬁHf’i‘P( So@[00VES
t ually ¢ g pitch” Fr

formed therein th a cdontin angi n om t he perspective of
Fi gur e 28sintubtengiukiylroatedt dnd agrooidmest aablel Id Oiimorekdse. dbe toheth gfitbgr essed from

right to {)oelftiton%lf alnegca{)l}éel 1 lirlée éd 1snubryf t eC ﬁru%fl 266] renag rbléI rs?zgg (s)lich that the object
continues to move upward as the load cell pulley 140 is lowered by the actuator from
the upper position to the lower position. The process then repeats and the load cell
pulley 140 is lifted once again. Accordingly, the object attached to the cable 110 may
be raised and weighed simultancously while the cable 110 remains stationary with
respect to the load cell pulley. Errors introduced by the varying diameter of the cable

110 are thus effectively eliminated.

[00148] In some embodiments, such as those shown in Figures 25 —
31, the drum 200 is rotated at a constant rate while the load cell pulley 140 is raised
and lowered as needed for accurate measurement of the weight of the object coupled
to the cable 110. The rate at which the drum 200 rotates and reels the cable 110 in
while the actuator lowers the load cell pulley 140 is configured such that the position
of the object continues to move upward at substantially the same rate throughout the

Proccess.



[00147] In operation, the pulling systens of Figures 20 - 24 ensure the
static relationship between the cable 110 and the |load cell pulley 140 by
sel ectivew9 20760y and | owering (or oscillating) the | @at/usedio/opgebs ey with
an actuator. The process begins by |Iotering the load cell pulley 140 with
the actuator froman initial, substantially horizontal position (as shown
in Figure 23, for exanple) to a |lower position. The actuator then pulls the

load cell pulley 14Menad] t Retuediheabwas HRGRECS e fullhgastemt 1D0&400abl e 110
upward, while the cable remai ns substantially static with respect to the

| oad cel | 51608y 700nR@% 90Ael 082 Hl We 1 20Gyin silEspn Tagpt geayethsgbafingper - nost

ition, - : ' d 200 i
DS b on SHARARKGNG: KRYPESAL DR ASU A ALy e, Orom 200 T
of the pouhdemsioad thahie pabing s§dtOms ¢€0,e00j 6000700, 8804900 @AY 176y, 1260si zed such

t hat the object continues to nove upward as the load cell pulley 140 is
| over ed b}?laf/%é ua%t%laa%ff Oﬁs%hal& heteap pd) 136¢ festormesmipdimeitethdhosi ti on. The

process themf By B0GalMed RAA BElits Bwiﬂéfgtolltfi}gséﬁ%& hbliffch ARG Geadal N.

Accordi ngly, the object attac to the ca e ralsed and wei ghed
si mul t anetedlegimning of thdendoalnk grdvitB. fTamiriangatsinaifitbmbushing 208 to éspect to t he

| oad cell pulley. Errors jntroduced by the varyi di r of the cable
170 are t HISLPHIEET O8N pein RS a0 e T d et B b W c s, such as
those showfimimtifl G4ttRRalZerces Shparfcd®ndhdied iR vushiag ebelraily, GRNSt ant rate
while the |oad cell pulley 140p|s rai sed and | owered as needed for accurate

measur emeheshofg 2BBemeebgiiansigted fiemeiie gosition tpthe dtheo at any stagbloétie10. The rate
at which the drum 200 rotates and reels the cable 110 in while the actuator
| owers t hB"YGRd cel | pull ey 140 is configured such that the position of the
obj ect continues to nove upward at substantially the same rate throughout
the process. [ 00149] [(Rat50) NThgwaipt bOtht bbjcus@®upfedtid ehepiablei INQ (By.sthens 100,
400, 500, 600, 700, 800, 900, 1000, 1100, 1200 in silicon ingot growh
enbodi nenBLWiBgEHren wgpelldy evganmunigyed by Bicgupcssar RO putheicagTly st em 100,

ot % 5o A L A0 T, RO o OO,

| east somm thobodietefitis, silidod ingot growth process. For example, the weight is used to
control the rate at which the growing silicon ingot 114 is pulled upward or the rate at
which the frame 130 is rotated. As described above, a rotary encoder may be used in
conjunction with the drive coupled to the drum 200 to determine the number of
revolutions (and fractions thereof) of the drum. The displacement of the cable 110
parallel to the Y axis is determinable by the control system 320 since the
circumference of the drum 200 and the diameter of the cable are known. The length
of the growing silicon ingot 114 is therefore determinable based on the displacement
of the cable 110, or, in the case of pulling systems 400, 500, 600, 700, or 800, the
displacement imparted on the load cell pulley 140 by the actuator 410. Other
embodiments may use different methods to measure the length of the growing silicon

ingot 114.

[00151] The density of the growing silicon ingot 114 is known, and
is a relatively constant value under normal operating conditions. Accordingly, the
diameter of the growing silicon ingot 114 is calculated based on the weight
(determined by the processor 300) and the length of the ingot. For example, given a
silicon ingot of length /, density p, and mass M, the diameter D is represented by the



bushi ng 203 may be translated fromthe first position to the second
position at or near the beginning of the end cone growh. The translation
of the busbizog/QA0d1to the second position elimnates comrCadaiS2tienzs®en t he
bushi ng and the cable 110, thus elim43ating frictional forces inparted on
the cabl e by the bushing. Generally, the bushing 203 may be translated from
one position to the other at any stage of the process. [00150] The wei ght
of the object coupl ef‘tﬁg—t‘he cable 110 (i.e., the growing silicon ingot
114) is coquuion éxt &f/-by—the Phiocqssion rditehs anlevaent rddmaysifem 320. The
control system 320 AP{ %8s the wei ght of the growing silicon ingot in the
control of the.silico 0 ro pr For t.he weight is
Hoed to cbier oibenid e e erﬁrogmwrgw ?ﬁ@ﬁlﬁ%%@nggww pul | ed
upward or st e kRl t@éfo%@rﬁ@hshﬁﬁlehf Rk Mtﬁﬁthﬁﬁ%%&% cfivc deffer i bed above, a
rotary encoder may be used in conjunction iith the drlve coupled to the

drum 200 teashetraenti dbistihgantandoss demetasiboithe pagiopdnhefgrawn iabihs tinkver eof )  of

the drum The di spl acenent of the cable 110 paral ccf the Y axis is
det er m na the, dirf the drum
200 and tﬁiel%a?%(tlﬁet ert E%?&E%gre%g eﬁ'%f%oelgﬁigm The Wh%ﬁi‘g gfrleovm ng

silicon ingot 114 is therefore determ nable based on the di spl acenent of
t he cabl evalibél'ty grwhichthichege asleeingd grownl i.agy sydidemand @Bl/dt50te BER® 700, or

800, the spla ment rted on t | cel | I'le 40 by the actuator
410 O hefTuRBQaTHaRES \hE) g Ab drurpchatnsda duhiALFe the | ength o

the grow H&eﬁﬁlhhﬁlgr&o'dbﬂ%ndléﬂl/dt EROAR ddterffiavientRi dhY jRfanthCoty @h&E: Silicon
ingot 114 is known, and is a relatively constant val ue under nor nal

oper at i nngeﬂicthfpmib.term@I@@ile ngly, the diameter of the growing silicon
ingot 114 is cal culated based on the weight (determ ned by t he processor

Cength |, donsi Uy pl00haa) nelStiine SomF AR Rren ¥EToR Sltbdiey *Thed

Thi s equapiceBssbePIEHOMds i wightesfage grodliiahEliedn @Eotal 4o khdXontrol
system 320 at regular intervals, such as 20 to 30 times per second. In operation, the
displacement of the cable 110 is likewise determined at regular intervals. In one
embodiment, the control system 320 utilizes the calculated diameter D in controlling
(i.e., adjusting) the rate at which the growing silicon ingot 114 is pulled upward or the
rate at which heat is supplied to the molten silicon and the silicon ingot in order to
ensure that the diameter of the growing silicon ingot conforms to a desired profile.
Different diameter profiles are used during different portions of the growth process.
For example, during the course of the silicon ingot growth process it is often desirable
to maintain a constant diameter D of the growing silicon ingot 114. However,
towards the end of the growth process, the diameter D is gradually decreased,
resulting in the silicon ingot having a tapered end cone. Accordingly, based on the
calculated diameter D of the growing silicon ingot 114, the rate at which the silicon
ingot is pulled upward (either by the drum 200 or any of the actuators) may be
increased to reduce the diameter D. According to some embodiments, the rate of
rotation of the frame 130 (and hence the growing silicon ingot 114) or the rate at

which heat is supplied is adjusted as well based on the calculated diameter D.



i ngot of substantial length / . The dianeter D of the portion of the ingot
being grown at the tinme of the force neasurenent is the quantity that is

t he obj ecwOwel0ofi7¢ome neasur enent. Thi s instant aneous di OEUSL01D02£093 he
portion being grown at the tine o e wdlocity at which the ingot is being
grown, i.e., v =d//dt , and dMdt is the rate of change of the mass M of
the ingot. As described above, both / andM are determ nable, so d//dt and

dM dt are al so det egodlsapl Brigfn§)stehif uso8h aplianarbsiréthaiBy@Emkd hiafuer ef ore
determ nabl e. [00152] According to sonme enbodi nents, the load cell 170 and

pr ocessor thsghameten/P @& thenazatedughe ther formetiagrofthagpeiclcedgonongdiesa 14 to t he
t | t j . . t.] d.
Fo oper ar N HE Oy cap SU LB AL YR dupn PP U @R 168 Wherthe hifERLBRL S0COT

regul ar i oérerhaslaselativelp tmgdemol im@ntparistetocthatifabdets s tlenand20neibeéihg zes t he
cal cul ated dianmeter Din controlling éi .e.. adjusting) the rate at which
the growi BEPVEY |ACOHINYORIIOr pYStEEs AiFMos genaleat drefucingeslicondngats Wi heat is
suppl i ed il & 2prd SEi i . r ensure
Thar the B R s e RS Th, Fe
profile. pildefseitondhgoteg@wnpnptiol estamses tlesdedhiced,rng tlt fifiememntapodt | ons  of

the grow h process. .For, exanple, duying the course of th ilicon ingot
growth pr BLBEET EoTieds 8F 5t e HBitee iheamamanod 4 Romsteibe Wedhot er D of
the grow frge sinbb&fRnisHQEndd herciOMBY Bérmif AWRb Aot ehENEmeEr DR tigy owt h
process, the dianeter Dis gradually decreased, resulting in the silicon

i ngot haviryiag sisiper wgoehld eerb at laew on dinbginthe hepsiede magunemed of theat ed
dianeter D of t r ow sidicon.ingot 114 the rate.at which the silicon
Mngot 1o Banshl fs MRl Perdisk RS ERE e tituot Go i uBkri R b ot or )y
be increafgdnd shored @eths fifaincthad¥ah prioPsysAasonakoige tMbsdIRRneMhedéngeit s, t he
rate of rotation of the frane 130 (and hence the growing silicon ingot 114)

or the rafbthgtangridconpemey pe appippinagly half afijhgse BdPTs syeems.based on t he
cal cul ated dianeter D.[00153] Prior systens use an optical neasurenent

Chper od ond cone. Thota Ly EPes “are Shi Eansul sriepael A AR . ot o
of the i ngaofingkesterhh el ika fermdlirengstems described above in relation to Figures 25A

— 28, the dampening pulling systems shown in Figures 29A — 31 are cach movable

between a lower position and an upper position. Moreover, the pulling systems are

similar in configuration to those described above in relation to Figures 29A - 31,

except that a dampening system is included with the pulling system to dampen

pendular motion of the cable 110 without contacting the cable. Moreover, the

dampening pulling systems shown in Figures 29A — 31 are well suited to the

measurement of the weight of an object coupled to the cable 110 as the object is being

lifted, as described above in relation to Figures 14 - 28.

[00155] Figure 29A shows a pulling system 1300 in an initial
position. Figure 29B is a cross-section taken in the plane of 29B-29B of Figure 29A.
A dampening system 1370 is used to dampen pendular motion of the cable 110
without contacting the cable 110 below the load cell pulley 140. The pulling system
1300 may include the same components as those of Figures 25A and 25B. The
components include: the cable 110, the load cell pulley 140, the load cell 170, the
idler pulley 180, the drum 200, the position sensor 201, an actuator link 1302, an

actuator 1310, an upper arm 1312, an upper arm center coupling 1314, an upper arm



cone has a relatively long length in conparison to the dianeter of the end
cone being grown. Accordingly, prior systens are not capable of producing
silicon iwgabe/hawing tapered end cones of relatively skrortusk@ngedeos n
conparison to their dianeters. The yi4#ld of silicon ingots grown in prior
systens is thus reduced, as the silicon contained in the end cone is of

| esser value than the silicon contained in the rest of the ingot. The

enmbodi mentisst BAE $BIY, 86l updratm stduad cRen Bl g, atfier coanédted 1320, 4 hrodld amet er D of
the growi ng silicon ingot 114 based, at_least in Fart, on the accurate

measur emef@NNgetor hadadichird sennckior il Agbra. firsidewedamy | 330 havinecodistheyst s may be
grown wt r.e i rt t E i I

Systems, 1h SRR RoRANT AT RIAA SRSl SROTHE e 0RD AARSRA 12 PUAL

appr oxi mapelxymiiantl 1044 taheaeer coupingdBd 54 ymtdenaddifional Yollty F3@uridgswd@A - 31
show vari ous enbodi nents of danpening pulling systens. Like the pulling
syst ens dBal&kS he gmisgienislesaibed pbave slutin)e Feraparsats of ske pylheg gateni ng

pul L N9 SYSYPITE cSAANM e FhaHERs; S3m 17 AkEaFaf, FaAD! o between a Touer

position and an upper positi eover, Ing systens are simlar
in configuration to those described above in relation to Figures 29A - 31,
except that a danpefit§éky$hedampenimesystbed] W0t diffetsdroputhcibughisg802m t o

danpen pendul.ar tion.of .the cable 110 wi thout .contacti t.he cabl e.
Vor bover . SRHEDHATTRR G bitf HEmgenyS st SR ASRRyaree B S17ar e el
sui ted tOnhﬁénﬁﬁﬁéuhﬁ@ﬁﬂbv@ﬂKMh@%Mﬁ%Hﬁbmﬁ&nE%tﬂb&ﬁﬂémﬁﬂy@bﬁﬁbagwhh@ cabl e
110 as the object is being |lifted, as described above in relation to

Fi gures 1lpad colg pulloohtds)Aqorlingy Joiatienadherces gyenpi impargd oe theilbl 1A an
initial pQsitl i gur | I -sectijon g I of

208 208 of EghiwebuR Y fefdirbinh FU0TRe ARFLES LSRR P Po B B i ar
mot i on of cdlbdat@bdehd 1Qight bhibu bbjzonduspdndsd fiohethe aible 110.0 bel ow t he | oad
cell pulley 140. The pulling system 1300 may i nclude the same conponents as

t hose of Figures 25A and 25B., The conponents i ncl . the cable 110, the
load cell pulley 1280T5RE ?\Séﬁlo%lllﬁ’ t&@?mﬂsﬂméelﬂwéwgﬁﬂcngsﬂ Y 1t he drum

200, the posiihcBfuRSRALiHPHL daPeARE YARAR 1870 LA craRlARHEH BF 1310, an
upper arm 1312, an upper arm center coupling 1314, ‘an upper arnfirst end
1316, an wipet 1Gr ihsdogrdingmnysttdld70 andludesta mamtieg nomtks 2871 baviezand

upper section 1372, a lower section 1374 (Figure 29B), and a middle section 1376.

The upper arm center coupling 1314 is rotatably coupled to the mounting member

1371 at or near either the upper section 1372 or middle section 1376. The center

coupling 1354 is rotatably coupled to the mounting member 1371 at or near the

middle section 1376. The actuator 1310 is also coupled to the mounting member

1371 at or near the upper section 1372. While the drum 200 and other components of

the dampening system 1370 (discussed in detail below) are coupled to the frame of

the pulling system 1300, the other components of the pulling system 1300 are not

coupled to the frame.

[00158] The mounting member 1371 is coupled to the frame by a
joint 1379 at or near the lower section 1374 such that the upper section 1372 of the
mounting member can translate relative to the frame. As shown in Figure 29B, one
end of the joint 1379 is secured to the mounting member 1371 such that the upper
section 1372 of the mounting member is able to move relative to the lower section

1374, but is otherwise restricted from movement with respect to the frame (e.g., it



connector 1322, the third connector 1324, a first |lower arm 1330 having a
distal end 1332 and a proxi mal end 1334, a second | ower arm 1340 havi ng

di stal emsioR8®2i1aged a proxi mal end 1344, a center coupl iPOE/UB3GEH/02%8008 an
addi tional pulley 1360. However, unli46e the enbodi nents descri bed above,
mul ti pl e conponents of the pulling system 1300 are coupled to the danpening
system 1370 instead of the frame. [00156] The danpening system 1370 differs

fromthe basit fgate @Bl mbhgamlﬁp QY off thetrh@intinB endhaiEpE A BEonY She BT
facilitates dangenln pendul ar notion of the cable 110 w t hout

physi cal | {hedeint 4313 lﬁglgtdhé C@aﬁrcbt%tbe fiagpe pbihetpubenzowsterel 308adn émtherpul | ey
140. ACCOE&bQ&iHén ”b' l}%sfg'}é%l%%{ ﬁe? 8fn‘?aﬂ% sed TP @f‘e‘?{hggwohﬁﬁ el 10 DY

t he danpening sy s us re C|n € sources o err I'n roduced
into the ¢aﬂmmhaiﬁmmeof t he wei ght of the obj ect suspended fromthe cable
110. [00157] Additionally, the position sensor 201 described above is used

in conjunction with_t 1370 to sense dul ar notion of
the cable 110. The wﬁgaﬂ ﬁﬁé\ﬂf?@# é%]hr oRuplsded one ﬁwﬁttﬁwpn%nber 1371
havi ng a”sé&ﬁBﬁﬁS’??SHh@'iho%ﬁﬁgg nRndb8VET7 1S eGidHan p%?t?cfh df'ﬁléﬂfs?ac%@a%p and a
m ddl e section 1376. The upper armcenter coupling 13 14 is rotatably

coupl ed t¢3&hecnmundkn@e@enbeﬁ\$$¢udamu©orhﬁ@nsen@hedmmmemuppéy section

1372 or m_ ddl e,.s 376. ouplin 54 is ably coupl ed
Lo the mobPEiCAEBaR: d308n oo Ra FEN e dalphd i Thl ke
actuator Je21in i1372b5Mc Rt L nietbeh €3 770 eihdr, IRRekatdr3 138@t1390 aiear the
upper section 1372. Wiile the drum 200 an ot her conponents of the

danpeni ngOB%féblerﬁ dlsmecqfaﬁmege@meﬁlbaei%ﬂll MQIIGQW)Y Heacweiopt B0 53%he frame
of the , o] 1sefst f tem 1300
are notpg%l 5&¥%BB' %g&%hﬂﬁﬁﬁ§ggfnﬁhe foun ?ﬁ%um%#%ngﬂhé?@gl:yzoupled

to the fragm}byo@lqd%mhe f1ano The srtunesri3Bhel 300weiy mattahpBuiladlcdtypeich t hat
t he upper section 1372 of the nountin can transl ate reIative to the

nb
frame. AsSWHGWANEH aciuglre “él%actWSéﬁgO 5599 %rr@yj'b@iCﬁtltrql@ridoy the @¥ifled to the

nDunting ﬂ?ﬁ@zé%&ﬁo &F&Q%bothe upper section 1372 of the nounting
menber is able to an relative to the | ower section

[00160] The actuators 1380, 1390 in conjunction with the joint 1379
facilitate the pivoting of the mounting member 1371 about the joint 1379. As the
upper arm center coupling 1314 and center coupling 1354 are rotatably coupled to the
mounting member 1371, the pivoting of the mounting member 1371 results in
corresponding movement of the first lower arm 1330, second lower arm 1340, and
upper arm 1312 as well as the other components of the pulling system 1300 coupled
thereto. These components include the cable 110, the load cell pulley 140, the load
cell 170, the idler pulley 180, the actuator link 1302, the actuator 1310, the first
connector 1320, the second connector 1322, the third connector 1324, and the

additional pulley 1360.

[00161] Figure 30 shows another arrangement of a pulling system
1400 in the initial position. The pulling system 1400 may include the same
components as those of Figures 29A and 29B, with the exception of the idler pulley
180. The components include: the cable 110, the load cell pulley 140, the load cell
170, the drum 200, the position sensor 201, an actuator link 1402, an actuator 1410,

an upper arm 1412, an upper arm center coupling 1414, an upper arm first end 1416,



1374, but is otherwise restricted fromnovenment with respect to the frane
(e.g., itcannot rotate about the | ongitudinal axis of the nounting nenber).
A second woadowitiréee joint 1379 is rigidly coupled to thecrnsesoontsowhe

pul ling system 1300. In another enbodi7ment, a ball-and-socket or heimjoint
are used to couple the nounting nenber 1371 to the franme. [00159] A first
actuator 1380 is coupled at one end to the upper section 1372 of the

nmounting AROPRS a3 Edcondead 8T8, ATt RAn&fort 110 d §esbndednnatior 148380 is coupl ed
to the frane. A second actuator 1390 is oriented ag(grom mately

per pendi ctiigrcopaeatorel 421y afirsplawsaeen 1438bavangia distal pre Wi Peandouppeinat one end
to the up CtLi t i Y/ he
actuators Qri(g 13%3% &ég(%né?%\g%%fgpal E lﬁg ﬂ?%{ﬂ% F§%1 g}g(g?iﬁze&%o 1% g%gﬁ tﬁ@%fﬁ)dé%{ 1371.

Mor eover , atheciauphi®i 4541 388dditide0 puyy bE0r atamhpdliye ooty &470,a t he upper
section 1372 of the nounting nmenber and ri%i dl y%(?oupl,ed to the frane. The
act uat or s™PRENE MYbel/ 1 JeVige adaycsyctianl 24 Yiddle sertign 479120 #PPHct uat or s.

The act ua&&&%nlt@g%f é-é-ﬁ’%@@max B8 ERMAlE PAE dnfY R GALP 4Gy St em 320 and/ or

processor 30 The’actuators 1380, 1 In conjunction with the
joint 1379 facilitate the pivoting of the nounting nmenber 1371 about the
joint 1379. As the [pdéR] alhe cmhodmeooefdigurg 303liferaivncibnat effFigaapl i ng 1354

are rotat y l.e o the unting. r 1371, . the pivotin t he
mount §ng. fenpas 24855 el 10E ioReE b PR BBy R A SRR, 1 oer
arm 1330, asP&ebald lowwe brritn 14034 Qivordily BRRAEd @RIt hd3drtimSmWabér a1y 1taber ot her
conponents of the pulling system 1300 coupl ed thereto. These conponents

i ncl ude t hear¢lpmiddicctiom g4 T6o{dhe Blopntyig megaba40, the | oad cell 170, the
idler pulley 180, the actuator |ink 1302, the actuator 1310, the first

connector 1320, the d -hi 324, and
the additional pull L@ﬂﬁggOF&F%?IE%%%VSéﬁé@?ﬁ@%@ﬁ%@%ﬁ%@ﬁg%tregnangerrent of
a pul I'i ng185§0sineim iddi@Dpasitidnh e hicrputlirgl syposi 1500rs capablepifitdahsigisyistemnl400 may
i ncl ude the sane nponent.s as thqgse of Figures 29A and 29B, with the
except i onaEDRgAnd e PREifipRS deribepbovs HysHERP 0 Fisdfgdd 1ife bl e 110,

the |oad ﬁ@lllihg Q&gtérﬁﬁ s8d+QriliZend Qad c%ﬁ{ﬂonents as those of Figures 29A and 29B.
The components include: the cable 110, the load cell pulley 140, the load cell 170,
the idler pulley 180, the drum 200, the position sensor 201, an actuator link 1502, an
actuator 1510, an upper arm 1512, an upper arm center coupling 1514, an upper arm
first end 1516, an upper arm second end 1518, a first connector 1520, a second
connector 1522, a third connector 1524, a first lower arm 1530 having a distal end
1532 and a proximal end 1534, a second lower arm 1540 having distal end 1542 and a
proximal end 1544, a center coupling 1554, an additional pulley 1560, a dampening
system 1570, a mounting member 1571 having a lower section 1574, middle section
1576, and upper section 1572, a joint 1579, a first actuator 1580, and a second
actuator 1590.

[00164] The pulling system 1500 differs from those described above
in that a drum 220 is rotated by approximately 90 degrees with respect to the position
of the drum 200 in the other pulling systems. Accordingly, the center axis of the
drum 220 lies in a plane that is perpendicular to a plane or planes containing the
center axes of the other pulleys 140, 180, 1560 in the pulling system 1500. According

to some embodiments, the drum 220 is mounted on a splined shaft and is able to



170, the drum 200, the position sensor 201, an actuator |ink 1402, an
actuator 1410, an upper arm 1412, an upper arm center coupling 1414, an
upper ar nwbizosri11esed 1416, an upper arm second end 1418, &cCfiussaiomeswect or
1420, a second connector 1422, a thir4 connector 1424, a first |ower arm
1430 having a distal end 1432 and a proxinmal end 1434, a second |ower arm
1440 having distal end 1442 and a proxinmal end 1444, a center coupling

1454, an gefhblyi M63 alphl tRYhAHG0a dide@idAPaRIlBBoSYK kBB Ltdhon ® MBMAIA 9 Member
1471 having a |ower section 1474, mddle section 1476, and upper section

1472, a j pitpendigitg anglerhoraeendbe galtlod 10 ambihe gpisr surése of thearmatn pthergo.

00162] T t d 29A and
[298 i n] t hgrﬁ bgﬁﬁlfgﬂ Sér : drﬁ] H{:Iqu%sﬁtg%d?& Sﬂ?z{n&g%%g ! Snslﬂ e&;ﬁ%)ta %egﬂf(?@ét%g? ower agr m
1430 and Baecgidoxbe@\mimalrtmr&métﬁataemmh\aababﬂmallgcmua@ﬁig piecht Meomahat i ng menber

1471 at or near the mddle section 1476 of the mounting nmenmber. [00 163]
Fi gure 31P¥PRAREVarkaHE awsdil ndapiteh o fgthslgrquﬁwgy%iﬂéwaswethqy an initial

posi ti on. , HIR.RU rinfiehy B/ 1B RAONL SucARRRLE B UfaRShAL | on bet ween an

upper and wer position as e inrelation to Figures 29A -
30. The pulling system 1500 utilizes the same conponents as those of
Fi gures 29A and 29B[00Th2] cBrgponEhdepidtnie flodeliagrim fonbmethbdd 600 be | oad cel |

Pt ) on aihrcogllingihe nosBondr s kIS Incrhehbfnodd erBis RS0 L0® o

1512, an b&RI ol ¥ posifibs of BRWAbIeNd 0 3adbut &ihtébﬁﬁgﬁheadaﬁlef\kfﬁlﬁ b8MIngl&16, an
upper arm second end 1518, a first connector 0, a second connector 1522,

a third coeteesmoer ampmius Fiermethodiet0 laayrbqsgtﬁorﬁmbﬁgh@cmt@d aystemd 1532 and
a proxi mh2§§tﬁd51%r§§5§50ra303ecfé9&%ed% e1% gﬂgﬁ If‘t%lﬂ 'l@ q'h%tn%th(ﬁ]fko%?ggoand a
a

proxi mal éend a center coupli |t| onal

danpeni ngopytatleno dmédl th@ pmmnhloﬁglermmaﬂolﬁ?elathmvtbmlge ﬁarhé)\l\&(DOlS@ﬁ:gl on 1574,
m ddl e section 1576, and %) section 1572, a joint 1579, a first actuator
1580, andths d@@@smgéﬁt%tlé dsgbed gherean retﬁ@nﬁaﬂg%@s Qetemialhe differs

fromthos 1480 LhRY 20 g lbyR LOQXi mat el 'y
90 degr eeg \%Ie? eg%e tf%%hg t 29& %%s??)l (gér’%%e%t ﬁe %lrr (P%@dil n t éelgocﬁ(]er
pul |'i ng shetensill bhaoadedbnigd yse df lee wethbé i 6@Xinghopulling system 1300 of

Figure 29, although the method 1600 is equally well-suited to the pulling systems

1400, 1500 described in Figures 30 and 31, respectively.

[00166] The method 1600 begins at block 1610 and the position of
the cable 110 is detected 1620. The method 1600 may be used at any point before,
during, or after the object attached to the cable 110 is lifted. Moreover, the method
1600 may be used to perform an initial alignment of the pulling system 1300 before
pulling an object upward in order to compensate for any manufacturing defects in the
components of the pulling system that would cause orbital or pendular motion of the
cable 110. Accordingly, the pulling system 1300 components could be manufactured
at less stringent tolerances (i.e., numerically higher tolerances), and correspondingly

lower costs, since the pulling system can be aligned through the method 1600.

[00167] Returning to the method 1600, the position of the cable 110
with respect to the frame 130 is detected by the position sensor 201 at block 1620.
The position sensor 201 is operable to detect the position of the cable in two

dimensions. As described above, the position sensors 201 may use a masked photo



drum 220 lies in a plane that is perpendicular to a plane or planes
containing the center axes of the other pulleys 140, 180, 1560 in the

pul li ng swetemviis®d. According to sone enbodi nents, thePdTorse@2028083 nount ed
on a splined shaft and is able toslid®@bly nove along the shaft in a
direction parallel to its axis of rotation to nmaintain a perpendicul ar
angl e between the cable 110 and the outer surface of the drum |n other

enbodi Menliipde bhengbbit Rdetdch legeitioh of tHediab@ 1806¥Ih debfectivi the Bhmeot ati on and
i nstead have ar ooves fornmed therein that result in a continually changing

pi tch. Fr -t Qthepaysspacmpy be Bisdvm dptactrthgypesatian of thegabde { Ehwish respectde ooves
Id | f i t th t
surt ace. ol Eupan i kR BB GRE R b0 Moy BFlne MhcBleddh. 00 1 20 S For a

met hod 1600 of actively controlling the position of the cable 110. The
met hod 1600 perm t s[A0H68L oAt blkck d63Q, helcpomiirtation isohaddef wladthee tHclébla t hout

contactin he cable wi.th a bushing or other simlar apparatus. The net hod
1600 nay 310 PR £EPHERD Rt AREAES HPRG SE Ptk es%i@arr‘? Rﬂﬁ@@@is%rwlﬁ@@%scri bed
above in pplatiAowte sﬁélgglﬁﬁthé%ablmﬁl gRLiNe ¢okbRe sét%o%g)gaabdr_@detfﬂle&()”t rol the

position of "the cabFe 110 in relation to the frane 13 usi ng the danpeni ng
syst em 1370odgswd ishi bc aboiderédnated devion from fhcgat mantXor thepumogesodf thhe ot her

danpeni ng_syst 1470 and. 157 escribed in Fi es, 30.and 31. Reference
nor b1 n w et Th00e o et ERefS oo nib da Sl R BT iy ™y ot om
1300 of Fi:ﬂﬁbi@ing%encﬁilérhﬁ%%ltaﬂ hRtigR! hoshl@MDdiseRdtalsbpoilié dstintig t o the
pul I'i ng s¥stens 400, 1500 described in Figures 30 and 31, respectively.

[00 166] Weferanaistiedthe ebigctdugdatestiag thel pasitiondf thegidlea HE wokd th onllivg t he cabl e
110 i d t 0, he. d i-At f ,
Guri ne, Ch R 00ak mIBECIEAANAG R, IR UARE B8R ROE B IS

t he met hogoih6GusRymbeditrad it cordeint, ahddass nodichare as klicfrareais rofatddhe pul | i ng
system 1300 before pulli n% an gbject upward in order to conmpensate for any

manuf act uficRpigbisdairad.i 1 qthes cEURABRL Sheowe! POTBL PAY Vs SYasitrahs 14%ies woul d
cause of bid fleofingd8RTH! Aln il fodREIGADLE A iicOSRATIMEYS of e pul | i ng

system 1300 conponents cou at less stringent tol erances
(1.e., nupter gatdnycdifgiertionothat may es)tribamdo tergeespomdongbitall wer cost s,

since th epgnu ullalr rr‘r?otlso%Sntl ?hrg c%gfé alg ethea}rgugg ?sdro%a?erd(.) ulql% steth goiﬁhgrg rcrjla% ggr?r at

different points during one revolution of the frame.

[00169] The deviation from the set point is in some embodiments a
sinusoidal function of time. The frequency, amplitude, and phase of the sinusoidal
deviation are determined by the processor 300 of the control system 320 by analyzing

the signals from the position sensor 201 (Figure 19).

[00170] Referring to Figure 32, if a determination is made in block
1630 that the position of the cable 110 does not deviate from the set point, the method
returns to block 1620 where the position of the cable is again detected. This
determination in block 1630 may occur at any suitable frequency, such as 30 to 60
times per second, or continuously if the processor 300 is an analog system. However,
if the position of the cable 100 does deviate from the set point, the method 1600
proceeds on to block 1640.



[00167] Returning to the nmethod 1600, the position of the cable 110 with
respect to the frane 130 is detected by the position sensor 201 at bl ock
1620. Thewpasiniioswisensor 201 is operable to detect thePp@diSkélon28993t he
cable in two dinensions. As descri bed0above, the position sensors 201 may
use a masked phot odi ode arrangenent to detect the position of the cable 110
wWth respect to the franme 130. O her systens nay be used to detect the

position of the CabL(li‘)llel W BIBck e84026 defetminBBod IsanRicb3Ghntdiaut departing
fromthe scope of the enbodinents. [00168] At block 1630, a determ nation

i s made ofysieBHeand/prepreedsh@ 3P9@fithe amplu¢rorididirsatiemelt digpdgemeasof rom a set
point (i.aea,, i P I e Iﬁgyg? that the
cabl e canﬁiger{ln ﬁﬁggﬁegl%e?ﬁgyggﬁ&%h&ﬁll%g;ggggé&ge e |rne£0d agrhmuntlggr?g{@tgi |1 be
consi der ededesdary @ @enctiathe pdgiton dfibe satile PO michftbat it dees pot goses frof thbe net hod

1600. The set. point indicates_a position that the cable 110 is in when it
is not exPRtBPIENGIeeMiRl aystgr 369 plewptepdic pplityds il displaeimadhel the set

poi nt is deteLrHIednRRIOT &R 2850 AGLAR ORIiGE Bl Momb&e 3pesi tion of
t he cable 1100\'5\{}1% e tﬁ)fér p%? I'i ng sygtseﬁg 13(1)% acfclg%tﬂe ogfglect attached to the
end of t hendhwbll ecllpdllcyrletOats thelotd cdheulbgtis pmipitd bynotbercdongwbads nkthes i s
const ant, d does change as the frane is rotated or the object is

rai sed. Iﬁagfﬁé}“?gﬁﬁg@%ﬁfb ,Oupﬁ%g@g{nfbﬁlbi nt may vary as the frane rotates
to accommodat e for manufacturing inperfections, eccentricities,

m sal i gnments, or ofdmer2pyshereqeRbd hiiplimté ensdidteibn GRYMispRBMéRYE € tO the
generati on of orbltalf?{eﬁpendul ar notion in the cable as the franme is
theHs:

rotat ed. fstieref wara pt astuptardp§0 and sicprdadmtopbifNtisthgnri ng one
revolutio . f 0 i.atlon int isin
sone enbo ?trgrelfyrl\%g(?%y {shl%ﬁgg{ﬂofg’%é%&nz@tm %g%?é{&te%sﬁé?{)drﬁga r%igrgtaﬁcg}r{%@?h%rrpl i tude,
and phasepefitidrhef the batgeil tal Indesiiag thindaseniakeionl ticrettrdlsyttoe J20engssor 300

of the control system 320 by anal yzi n? t he si %g:al s fromthe position sensor
201 (Fi guP®cewpr 3Qmicndgtestve ssquiteg displapsyentof B acfyatoys 488G a?hat i on is nade

in block ] { ROShLik ¢ ane ¢ Iate~fromthe
set point, g‘% Seawrrg)tﬁ%%&r e?glr)%sl&?g‘a%f)g%@e ?Z%ﬁ%%%é g)h%ccglg{sti Ige?%ér? oe the cabl e
i s agai n déthecomgonchiti of thepeliing npdtéron300 BhoalatrbbSBtamy2Gadior at  any
suitable fp{oecgs%gp g(}ld is%llljucshab?esto%glchﬁteest%e displacement of the actuators 1380, 1390

which is necessary to move or correct the position of the cable 110.

[00173] Ifthe deviation of the cable 110 is sinusoidal, then the
motion of the cable is dampened by displacing the mounting member 1371 in the
same direction as the motion but at a lesser amplitude and lagging the motion by
approximately one quarter of a cycle (i.e., 90 degrees out of phase) as shown in Figure
7. The determined amplitude of displacement of the mounting member 1371 may be
chosen to affect the dampening action within a chosen time and thus multiple
movements of the mounting member 1371 may be required. The displacement of the
movements of the mounting member 1371 may thus decrease over time, and therefore

progressively dampen the motion of the cable 110.

[00174] The mounting member 1371 is then displaced in the
determined amplitude and direction as a function of time by the actuators 1380, 1390
at block 1650. The method 1600 then returns to block 1620 where the position of the

cable is detected again.



times per second, or continuously if the processor 300 is an anal og system
However, if the position of the cable 100 does deviate fromthe set point,

t he met hoalo260MIpsowceeds on to bl ock 1640.[00171] In bl eck/ubee0/028093

determ nation is made by the control ¥ystem 320 and/ or processor 300 of the
anplitude and direction of displacenent of the nounting nenber 1371, and
the pulley 140 coupled thereto, as a function of tinme necessary to correct

the position of the[gabbp TAR swihnt Batriptiondess RRLmPRYI @t Qiskloaen thbe set
poi nt. The control system 320 cal cul ates the anplitude of the displacenent

of ei t her ingFniiofe ingdudiag edeszmode, padelsade eaade yny pergersiiibedintthe affdant i ng

mber 13 d nul | - - - ' led b
ot her  compasany o, Rt TR e s e Bhlic bt skl Y7 0017,
The requi padoratifyd ity etdatad chedliade.c tihe pazhtallsgebpe efrértinastion foiicinclade of ti me

of the first actuator 1380 and second actuator 1390 is then determ ned by
the cont r 81hes p3mpies Shataprgrb o ghocesdbid dbdhs Artor gBth O8cE cﬁxﬁ’é‘@{est%é

posi tion gfi.lde 1$8oLahhLRe s eg@ﬁkqgw%mbﬁ‘deternination, the control system

320 and/ or processor 300 cé% ulates the required displacenment of the
actuators 1380, 1390 necessary to correct the position of the cable 110 by
taki ng i nto account [@H@6hedhevrder of ckénmtionmp preninsance of hies ppdritiong isyst em

1300. Th .r ol 320 d/ Qis th le t | cul at
the ai spt SCOMUEnGOfThE Mgt et BsPheBRe 4558 be Renms ik &dul e hove or
correct tbgeheist khRmicd The isaht @pdrhfond ﬁ@%%@]pekf@rﬂl&?hﬁ% 8tdePNuin®ss t he

cable 110 is sinusoidal, then the notion of the cable is danpened by

di spl aci ngtherveiseqroperifiery andndrabodiments joqf thp dneeaten dnpedralele additional @bt i on but
at a |l essgr LIt ogl ti r,0Xi uarter
of a cycl gev%e?mg’? %,ahégseg%g?%!é% %ﬁ{'gsc?%ﬂgeﬁ%g'e)}pogs&é]ﬁ@%g lt| fr% C'@?BGU r%at ! ?hlaﬁe

det er m nedxe@fihg v gherfofmid i sppacientan bpahtidh befivh) ohRenparimbesyl vith, Ry be
chosen to affect the danpening action within a chosen tine and thus

mul tipl e AbTeRemesoRsrationgs nati thageonsdspreetof thaalpvetianequi red. The

di spl acenent of the novenents of the nounting nenber 1371 may thus decrease

over time, and ther gfqre) PRAGHSRSINEIY: ARMRANfNE pRRLIN Afiok Bemeabl e 110.

embodiments thereof, the articles "a", "an", "the" and "said" are intended to mean that
there are one or more of the elements. The terms "comprising”, "including" and
"having" are intended to be inclusive and mean that there may be additional elements

other than the listed elements.

[00178] As various changes could be made in the above
constructions without departing from the scope of the invention, it is intended that all
matter contained in the above description and shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting sense.



[00174] The nounting nenber 1371 is then displaced in the determ ned
anplitude and direction as a function of tine by the actuators 1380, 1390
at bl ock we2010/fi®1net hod 1600 then returns to bl ock 16POTiiser1e/028ve3
position of the cable is detected agai2n.[00175] This witten description
uses exanples to disclose the invention, including the best node, and al so
to enable any person skilled in the art to practice the invention,

i ncl udi ngwmKkirng @ndivispng: any devi ces or systens and perform ng any

rel ated net hods. The patentabl e scope of the invention may include other
exanpl es that occur to those skilled in the art. Such other exanples are

i ntended to be wit hiln Amarrsepeiosmepsigingthereighhof groePis vhilgdubinger  of
execut i ongQr -.ati.ons in enbodi nents of the invention
iIIustratg (%ﬁ%E s%?i §§8&g§§§ﬁ8ﬁgﬁﬁ%. essential, unless otherw se
specified. That is, the operations nmay be perfornmed in any order, unless

ot herwi se speci fi eda framd haningai veeintas axaf anhe homxcatetl iapms, thayeitieel axde
addi ti onal oy, .fewer operations,than thos iscl osed herejn. For exanple, it
o cont onB AL ARt BRBEI T oBet PR hd eSOl e 8P BBor at | on bef or ¢
cont enpor gARsushhMoWhd Yorti@d] aRfst €r _anot her operation is within the scope of
aspects of the invention. [00 177] Wen introducing el enents of the present

i nvention or the enbodi nents thereof, the articles "a", "an", "the" and
"sai d" are intendedacblpsameeigado theeabicctire one or nore of the el enents. The
terms "conprising”, "including" and "having" are intended to be inclusive

and nmean that there,gay c?ﬁn(?egg(%tafagl oﬁt%ﬁ%@% e?‘rlt lre%kﬁg pgﬂﬁ)nldﬁﬁeed

el enents. [00178] As various changes coul d I'n ove
const r uct cabis evdapinguit sudfapaot thadirdt cplindelte scope of the invention, it is
intended that all matter contained in the above description and shown in

t he acconpanyi ng draw n shall be jnterpreted as illustrative. and not in a
i £1 g Benae. aTe PSR Y it rabstehy i PASSt i 46 Semieof C ishe apRing A he et ght
of an obj agtcabldidhadibd b kilgack b€ tRMcE&Hd dynaEdihctchBlc3RRANAL HRonEe @ ableSi Ng: a

frame having a vertical axis and a hori'zontal axis, the vertical axis
path between the first cylinder and the second cylinder; and

an arm having a first end and a second end, the first end coupled to at
least one of the frame and the second cylinder, the second end coupled to the first
cylinder, the arm having a longitudinal axis substantially parallel to the cable path and

connecting the first and second ends, wherein the arm substantially restrains the first

cylinder from movement parallel to the horizontal axis; and

a force measurement device for measuring the weight of the object, the

force measurement device coupled to the first cylinder.

2. The apparatus of claim 1 wherein the first cylinder is rotatable about
a center axis and the second cylinder is rotatable about a center axis, and wherein the

second end of the arm is coupled to the center axis of the first cylinder.

3. The apparatus of claim 1 wherein the arm is resistant to elongation

in a direction substantially parallel to the longitudinal axis of the arm.



parallel to an axis along which the object is pulled, the horizontal axis
bei ng orthogonal to the vertical axis; a cable connected to the object; a
first cylwoadero/motat ably nmounted on the franme, at | east PaTSRe10028093 t he
cabl e engaging a surface of the firstS3cylinder; a second cylinder rotatably
nounted on the frane, at |east a portion of the cable engaging a surface of
the second cylinder, the cable travelling along a cable path between the

first cylinder and n.hﬂles?@@fadiswlcimelr\»h@;eﬁlta@ﬁ@ﬁB@ln@%fﬂﬁmeiaﬁsﬁ end and a
second end, the first end coupled to at | east one of the frame and the

second cyPilieyernd thhygecerd exithdenaclugdop? egordpelly. first cylinder, the arm
having a | ongitudinal axis substantially parallel to the cable path and

connecting the first pchaseandends. WIGLS f. Lo Ll RUPRLABLLEILY

restrains the first cy rom novenent paralle rizontal axis;
and a f or sonedasdiofthe nibldevipdal toait laastasportiogof the spexil ghd thafcableeodld ect, t he

force neasurenent device coupled to the first cylinder. 2. The apparatus of
claim1 whOMRS iSREOk i rst cylinder is rotatabl e about a center axis and the
second cylinder is rotatable about a center axis, and wherein the second

end of the armis ceupheghphRudstf ce@RtiefurBd ondristdpe Bushdl a€khiinder. 3. The
apparatus of claim1l wherein the armis resistant to elongation in a

di rect i onptibdy surtquading apnradn ef the gahlpydh¢ burgineuadinfighred k¢ eorgfol thee arm 4. The

apparatus_of..claim1 erein t first cylinder includes a first pulley and
t he secon8°%§]}%%%%cﬁﬁ€ & §$m§g§8§3hém8%||ey_ 5. The apparatus of claim1
wherein the second cylinder is a spool, the second end of the cable coupled

to at |east a porti onTief apgphetspdelaiardwhdireinahdbeshag ik athvablebogvdcha spool .
6. The apﬁaratus of claim1l1 further conprising a bushing at |east partially
sur roundi AEtROYHOR inowhigh therfwishigg|isin pRCHYEh g ablsind gurendnositigRt® ol t he

osition . e WLt h . t frame. 7. The apparatus of claim
D aier o P ARG MobllgRpE|ud B ’F

I's novabl e between a

8. The apparatus of claim 4 further comprising a spool, the second end
of the cable coupled to at least a portion of the spool and the cable coiled around the

spool.

9. The apparatus of claim 1 wherein the object is a growing silicon

ingot and wherein the weight of the ingot increases as the ingot grows.

10. The apparatus of claim 1 wherein the frame is rotatable about its

vertical axis.

11. The apparatus of claim 1 further comprising a puller for pulling the

object upward.

12. A pulling system for measuring an amount of force required to pull

an object across a surface, the weighing system comprising:

a frame having a first axis and a second axis, the first axis parallel to an
axis along which the object is pulled, the second axis being orthogonal to the first

axis;

a cable coupled to the object;



first position in which the bushing is in contact with the cable and a
second position in which the bushing is not in contact wwth the cable. 8.
The apparwousioofi7@iai m 4 further conprising a spool, thecsaseend/oeseds of the
cable coupled to at | east a portion o the spool and the cable coiled
around the spool. 9. The apparatus of claim1 wherein the object is a
growi ng silicon ingot and wherein the weight of the ingot increases as the

ingot grows. 10. The fiaRRaNadcd Sot@hbl! cdupled tovheFRIntt, hileast b PBRidnSof1tEs at abl e
about its vertical axis, 11. The apparatus of claiml further conprising a

pul | er fofabhepndagipetararispg efcthe fipayldnder2. A pulling system for neasuring an
anmount of force required to pull an object across a surface, the weighing

system conpri si ng: P IVA ir i a i the first
axis parallel to ang§§?§H§Y@%§*aﬂﬁc 1fﬁgﬁ%gﬁtgfq?gk%ﬁfﬁég?g?ﬂghggﬁond axi s
bei ng ort thegablelenpapithe sdrfacstof ghel sscoml ydiblie, thowpbledravdlihpeloapjaeablea fir st
cylinder ro %tablé co#gleq.to the frame ﬁt | east a portion of the cable

togp fixsh cylipdg

engagi ng B8 FPYE ndpisgn 9??%@%@ EBcond cylinder rotatably

coupled to the frame, at |east a portion of the cable engaging a surface of

the second cylinder gy bhehsaks & fikdt 3 hhd NSBhOBAI, CARL EndRuPllgb nren the
first cylinder and the second cylinder; an armhaving a first end and a

second en@ramehad thosseorgnandeouplce i the firsieyiindaretha aom hiveng e denwitudimdl coupl ed
to the first inder. t arm having a | onagi tudinal axis substantially
oaral el 150 e el rub G QB AR R A SR aha o
force neagsd enent device for neasuring the anobunt of force required to pul
the object, the force nmeasurenment device coupled to the first cylinder. 13.
The pulling systemof claim12 wherein the first cylinder_ jis

a force measurement device for measuring the ‘amount of force

required to pull the object, the force measurement device coupled to the first cylinder.

13. The pulling system of claim 12 wherein the first cylinder is
rotatable about a center axis and the second cylinder is rotatable about a center axis

and the second end of the arm is coupled to the center axis of the first cylinder.

14. The pulling system of claim 12 wherein the second cylinder is a
spool, the second end of the cable coupled to at least a portion of the spool and at least

a portion of the cable coiled around the spool.

15. The pulling system of claim 12 wherein the first axis is other than

vertical and the second axis 1s other than horizontal.

16. The pulling system of claim 12 wherein the arm is substantially
rigid and resistant to elongation in a direction substantially parallel to the longitudinal

axis of the arm.

17. The pulling system of claim 12 further comprising a spool, the
second end of the cable coupled to at least a portion of the spool and the cable coiled

around the spool.

18. A crystal growing apparatus for growing monocrystalline silicon

ingots, the crystal growing apparatus comprising:



rotatabl e about a center axis and the second cylinder is rotatable about a
center axis and the second end of the armis coupled to the center axis of
the firstwoybinmdesor 14. The pulling system of claim 12 wa@rseerooks®dzecond
cylinder is a spool, the second end ofS the cable coupled to at |east a
portion of the spool and at |east a portion of the cable coiled around the
spool. 15. The pulling systemof claim12 wherein the first axis is other

t han vertical_and tQenﬁqg@ﬁdhaﬁhﬁmﬁ§r@mmﬁmngmﬁnmh@ﬂkagnpaI. 16. The pul i ng
systemof claim 12 wherein the armis substantially rigid and resistant to

el ongation in a directjon substantially parallel to the |ongitudinal axis
of the arm 17. Theapullgnfagpuliag agrsying ngoppnard fram e mJiprsilisong a spool ,
t he secong, of fAfcabl e coupled to at |least a portion of the spool and
t he cabl e gg?@gdlgﬁguﬁﬂ t he spool. 18. A crystal grow ng apparatus for
growi ng nonocrystalline silicon ingots, the crystal grow ng apparatus
conpri sing:a cruci bl e i nafihmefhaamg aherticbdatiaand agonminta axs) the vorticala pul | er

for pulling a gr.owi ng ingot upward fromthe nol.ten.siljcon, .the Il er

 ncl udi ng: a f PAVEURAGH RGN &b elaneddicnihe e redneRd i ettt beneomlhe
vertical axis ggg@gh%bﬂhggﬁﬁlQﬁh@vaﬁgggmﬂpich the grow ng ingot is pulled,
the horizontal axis being orthogonal to the vertical axis; a cable coupled

to the growing ingot; a first cylinder rotatably coupled to the frame, at
| east a portion of the cabilde soae wghagrosinginget:r cunf erenti al surface of
the first cylinder, the first cylinder suspended froma force neasurenent

devi ce; a second Cy|indeﬁfﬁ&&§ﬁ§$ﬁ¥gggﬂlkﬁﬂaﬁﬁtéﬁﬁfﬁl | tb@%ggﬁgﬁﬁtﬁe

portion of the cable engagi ng”an ou irc erenti al "sur
second cyl i ndeof thardblarngagindr@aveung drchimfatnté dudind of tiseftone/ladek, tHehe fir st
end

first cylinder suspended from a force measurement device;
a second cylinder rotatably coupled to the frame, at least a
portion of the cable engaging an outer circumferential surface of the second

cylinder; and

an arm having a first end and a second end, the first end
coupled to the frame and the second end coupled to the first cylinder, the arm
having a longitudinal axis substantially parallel to the horizontal axis of the

frame.

19. The crystal growing apparatus of claim 18 wherein the first
cylinder is rotatable about a center axis and the second cylinder is rotatable about a
center axis and wherein the second end of the arm is coupled to the center axis of the

first cylinder.

20. The crystal growing apparatus of claim 18 wherein the cable
travels along a cable path between the surface of the first cylinder and the surface of
the second cylinder, and wherein the cable path is substantially parallel to the

longitudinal axis of the arm.



coupled to the frame and the second end coupled to the first cylinder, the
arm having a longitudinal axis substantially parallel to the horizontal

axi s of twe 2broaree0119. The crystal grow ng apparat us of PCITAiSao10828eber ei n
the first cylinder is rotatable about56a center axis and the second cylinder
is rotatable about a center axis and wherein the second end of the armis
coupled to the center axis of the first cylinder. 20. The crystal grow ng

apparat us of clai m 18 mhaiqitdl dribRingabparatuk a¥ elafin a8 Yhgredn SaBk&n@at h bet ween
the surface of the first cylinder and the surface of the second cylinder,

and wher efylindseis@aippel, frtsacons! cadiod therrablel qoyplsd tapt legst g goktion df dhegi t udi nal
axis of t . QW g apparatus of claim 18 wherein the
second cy H?géllrzaﬁ% Cgﬁgggﬁéﬁbﬁled%ggﬁﬁn(g' end of the cable coupled to at | east
a portion of the spool and the cable coiled around the spool. 22. The
crystal grow ng appa?.dfhescrpdtal@rawimg bfpavheas ef clatnh @8 awhierdis theiaginds egd
substanti al restrains the first i nder from nove t allel to the
hor i zont aﬁncla%bétaafrlal SHESaBES fisd cylpder lelaverg%mw@gﬁtaﬁﬁ%%n@ﬂ claim18
wherein thesbrad8rdns rotatabl e about its vertical axis. 24. The crystal
growi ng apparatus of claim 18 wherein the frane is disposed in a housing.
25. A method for growing a silicon ingot conprising: pulling the grow ng

i ngot using a cabl e2&xkherrdysiy) covemgappirais of glainnd® wherdiethedtnes iext endi ng

al ong a fircgtgtabl"é‘)ch) fi{ Q]renrttcglea)gsr owi ng ingot to one portion of the first

cyl i nder anof ext nlgi r§g al ong d@ second axis orthogonal to the first axis
from anot her portion of the first cylinder; restraining the first cylinder
from novenent par al D&l THearidtdl gs@e@pdppahthis 0Stlagn a8 whersihei figneisf i rst end
and a second end, the second end of the armcoupled to the first cylinder
and the fAPBescdhy2Bou¥%ed to a frame; and

25. A method for growing a silicon ingot comprising:

pulling the growing ingot using a cable extending over a first cylinder,
the cable extending along a first axis from the growing ingot to one portion of the first
cylinder and extending along a second axis orthogonal to the first axis from another

portion of the first cylinder;

restraining the first cylinder from movement parallel to the second axis
using an arm having a first end and a second end, the second end of the arm coupled

to the first cylinder and the first end coupled to a frame; and
measuring the weight of the growing ingot.

26. The method of claim 25 wherein measuring the weight of the
growing ingot includes measuring the weight of the growing ingot with a force

measurement device coupled to the first cylinder at a center axis of the first cylinder.

27. The method of claim 25 further comprising extending the cable

over a second cylinder after the cable extends over the first cylinder.

28. The method of claim 25 further comprising controlling the position

of the cable using a bushing.



measuring the weight of the growing ingot. 26. The nethod of claim 25
wherei n neasuring the weight of the grow ng ingot includes neasuring the
wei ght ofwohelognosiing i ngot with a force nmeasurenent dePCraScaopbs®d3to the
first cylinder at a center axis of th# first cylinder. 27. The nethod of
claim25 further conprising extending the cable over a second cylinder
after the cable extends over the first cylinder. 28. The nethod of claim?25
further conprising conticahéthbdot HGINPES filriheNcéthpridie: GObIng thiShurging
bushi ng. 29. The nethod of claim 28 further conprising nmoving the bushing
bet ween abgtiviest a s ippsisan imwish die husbingus i egtacswith thagablecandyg seeonche cabl e
and a sec - NOSI {4 i .Gk i i in contact wwth the

cabl e. 3088#%@1%@%%ggﬂ%?n%@ggg?%g%%%ﬁﬁ é&g%gﬁ%gﬁé?ng rotating the frane
about the first axis. 31. A nethod for growing a nonocrystalline silicon

i ngot conprising: pd0lThegntthed gf dewms furthet cdmmmisg otattighheframe nol t en
silicon along a first axis using a cable, the cable extending over a first
cyl i nder ?@Fgf st abut a center axis, the cable extending along the first
axis fromone portion of the first cylinder and extending al ong a second
axi s from another portA aruRfd bhgroWifish nforbéfsteNine SBRbA figdt B¥mprignd:i r st
cylinder fromnovenent parallel to the second axis with an arm having a
first end and a second end, the second end coupled to the center axis of
the first cylinder, Peliag drogravsiposset fian alcrusible ef mpbersabenndalend & firgind
measuri ng,_i.he_.wei o) A i . T im3 1
wher ei n rr%%lg ﬁ?ll S%Fﬁg’ t\i/\l/%fg%ﬁ? g%)t? X\Qlﬁgo{éér}%ﬁ %tg%%rqg%l{}&a%ﬁ@u%g)g Pl;lr%%lst%]ri ng the
wei ght of atibeh@tabM agendig©ilong tHe farsf xicRomas poeivarif titkefrscey/liddedndd to the
first cylinder at the center axis of the first cylinder. 33. The met hod of
cl ai m 32 GFerdngalopg e eqong af"rﬁ*éf%F"@‘P{herd%‘o“ﬂ%OfdP%ﬁﬁﬁﬁylilWﬁﬁt with the force
nmeasur enment devi ce includes neasuring the weight of the growing ingot with

a load cell. restraining the first cylinder from movement parallel to the second axis

with an arm having a first end and a second end, the second end coupled to the center

axis of the first cylinder, the arm disposed parallel to the second axis; and
measuring the weight of the growing ingot.

32. The method of claim 31 wherein measuring the weight of the
growing ingot includes measuring the weight of the growing ingot with a force
measurement device coupled to the first cylinder at the center axis of the first

cylinder.

33. The method of claim 32 wherein measuring the weight of the
growing ingot with the force measurement device includes measuring the weight of

the growing ingot with a load cell.

34. The method of claim 31 further comprising the cable extending

over a second cylinder after the cable extends over the first cylinder.

35. The method of claim 34 wherein the cable extending over the
second cylinder includes the cable extending over a spool, the cable coupled to at

least a portion of the spool.



34. The nethod of claim3 1 further conprising the cable extending over a
second cylinder after the cable extends over the first cylinder. 35. The
met hod ofwol2aiomi3eiwher ei n t he cabl e ext endi ng over thePsgasadooyopnder

i ncl udes the cabl e extending over a syool, the cable coupled to at |east a
portion of the spool.36. The nethod of claim3 1 further conprising
controlling the position of the cable with a bushing, the bushing being

novabl e between a f B StheRR&thdd 8clhitn WFithet Bempiksdl AhtioHingthe paMiget Wi th
t he cabl e and a second position in which the bushing is not in _contact with

t he cabl eof thy cabie Nﬁthr?olwsmg,&belbwlngg beingbjaveble betveed adBRmOSKIONG pul | i ng
the objecty, slﬁ}flﬂg}g n?c&%)ét SithttHE cHRLY a?%%tc?{?d’i)&% Viffwitet {neSt eyl i nder,
the first cy |nder an outer crrcunterenti a ace, ereln pulllng
t he obj ecbudhpvigis dot llilCdol:l’th’SWftﬁﬂ&ld’aglet he first cylinder while restraining the
cable fromnovenent with respect to the first cylinder; the cable further

extendi ng over a second cylin the second cylinder .having an outer
circunferential sur ’W}{h(@ﬁg’m‘éu%%%@b@%t@ﬁ‘@éé SBPYPhe second axis, the

cable travelling along a cable path between an uppernost portion of each of
the outer circunfer E{ﬂﬂhh%'theqﬂf i dct aﬁ&aﬁfusldgea c'fa'b[es%he%ble@%dﬁl@%v%ﬁ@ﬁﬁs@cond
cylinder; restrainin first cylinder from novenent Eara lel to the

cabl e pat hylmdteh tl@mﬁlat enlingon eying 40 ¢1§Qr cagumagrentaal s@rcffquw ¢rdin ublengf i r st end

coupled t |rst G der. an nd_cou | east one of
the secon eob \iyarg Xclu(?el,s aranélng(iih lrrerC oAl c1 wﬁ[lehrestral eo ?ab?%fero%lbl ect with

a force nﬁﬁ,wme[mthﬁgydc@a)t@&mwlend&t hod of claim 37 V\/nerel n the object
is a growing ingot. 39. The nmethod of claim 37 wherein raising the first

cylinder while restrainj ngﬁpt he cabl e from novenment with respect. to the
first cylinder incl thgegbledpghesgxiendingiover a sappnchepdindg. the gpondkeiffer havi ng

afirst e ﬁé'ﬁ‘n S ﬁ!ﬁ%f@r’%t DEaGee 'Bﬂtt%'lﬂbf%f Eéﬁﬂ aohat pled to the
first cyl |Hn % ﬁl matﬂla(ljls ﬁacl aflﬁm 3 urt %Oﬁpgl Sel r?& anpeni ng at
| east oneaxis, the cable travelling along a cable path between an upperrnost portion of each of

the outer circumferential portions of the first cylinder and the second cylinder;

restraining the first cylinder from movement parallel to the cable path
with an arm having a first end and a second end, the first end coupled to the first
cylinder and the second end coupled to at least one of the second cylinder or a frame;

and
measuring the weight of the object with a force measurement device.
38. The method of claim 37 wherein the object is a growing ingot.

39. The method of claim 37 wherein raising the first cylinder while
restraining the cable from movement with respect to the first cylinder includes raising
the first cylinder with an actuator having a first end and a second end, the second end

of the actuator coupled to the first cylinder.

40. The method of claim 37 further comprising dampening at least one
of pendular motion and orbital motion of the cable with respect to the frame using a

bushing.



of pendul ar notion and orbital notion of the cable with respect to the
frame using a bushing.41. The nethod of claim37 further conprising

danpeni ngwat2ologiazéoione of pendul ar notion and orbital mpCirars2ab/oedees cabl e
with respect to the frame with a danp®ni ng system by di spl acing an upper
section of a nounting nmenber with a first nmounting nenber actuator, wherein
a | ower section of the nounting nenber is pivotably coupled to the frane,

and wherein the firsl Thh&Hed of élhien SPARME:r Ehpridd@r dandiahidOlt ¢ sh@RS Ur enent
device are coupled to the mounting nenber. 42. The method of claim4 1

wher ei ndefpradiligmetion éad errbmetionetidarcahlc mothireipcaiia toy Brmamitkst i on of the
cable wi t Harhseiﬁ?r%%ys{e& Bthi,rs{)@giEESir gﬁé&%@@@'{ﬁg‘ rﬁ&dtﬂ%gttﬂeqn‘tkép%{h it | O of

t he mount i ng ne Fin-a i rst®mounting ne

act uat or adnthSpeabengtidi®, whpein Seoter s¢rtioh of the maunting Agenitemixer in a

second plane with a second nDuntin%$nengFr actfator. 43. The net hod of
ik !

cl ai m 4 1PPGRPhesouRlspP th g dpd ety BogbsiwiiBdrrohe serone aBIRASH t h r espect
to the fraiProMd MelrdRAPloRlLarBeStlIbR AERRRARndhomble Method of claim 43

further conprising, whe position of the ca viates froma desired
position, determning the anplitude and direction as a function of tine of
t he upper section of2tHe muhed phdaimedbewhergecdmyanngtad lasronestt t he position

of the cable with respect,. the frane., 45.. . The d.of claim44 further
Commrt st apelisiabeloR SR et oS of B ab Rt S e e sy e

det er m nedisplPBink ke RASEbA BEthe Movasind nidwitfet irPNfiRdt plahd®ithithdifiat | east one
of the first nounting nenber actuator and a second nounting nmenber

act uat or . megntipymgmper aetupsorfane dinplasing theupprs seiogled thef mayntaigjreembeghi | e

bul 111 t e, oy £¢b1 DAL Grechdi ARRATALUSHGIBLI GO 2 frame having a

vertical axis and orizon axi s, “the vertical axis parallel to an axis
al ong which the object is pulled, the horizontal axis being orthogonal to
the vertical axis; d3.cCHblmecthodipf ddint 41 firthcobyrepisisg ddtesingayosindeaofr ot at abl y

connected to fhe frane, at I?ast a portion of .
the cable with respect to the frame with at least one position sensor.

44. The method of claim 43 further comprising, when the position of
the cable deviates from a desired position, determining the amplitude and direction as
a function of time of the upper section of the mounting member necessary to correct

the position of the cable with respect to the frame.

45. The method of claim 44 further comprising displacing the upper
section of the mounting member by the determined amplitude and direction as a
function of time with at least one of the first mounting member actuator and a second

mounting member actuator.

46. An apparatus for measuring the weight of an object while pulling

the object upward, the apparatus comprising:

a frame having a vertical axis and a horizontal axis, the vertical axis
parallel to an axis along which the object is pulled, the horizontal axis being

orthogonal to the vertical axis;

a cable coupled to the object;



t he cabl e engaging a surface of the first cylinder; a second cylinder
rotatably connected to the frane, at |east a portion of the cable engagi ng
a surfacewofzotiig7&@econd cylinder; an upper arm havi ng aPCirrstoienekoon second
end, the upper armcoupled to the fraite; a | ower arm coupl ed at one end to
the first cylinder and at another end to the frame; an actuator coupled to
the upper arm a force neasurenent device for neasuring the weight of the

obj ect, the force ne@syiconR: réteMbEoaAsHREG thOfrbhe, dtidasta gortibmeer; and
wherein the actuator is operable to | ower and raise the force neasurenent

devi ce, tHe ®mblesngaging mawfacephthafst adivderd cyl i nder, and wherein the |ower
arm substantially restrains the first cylinder fromnovenent parallel to

the horizontal axi g ! P
o hort ontal ooty TR SLAU MR S R LAgPLECL !5 2

silicon ingot. 48. e apparatus o
m d- poi nt tlerndblclragappes safaveiof tlieoepdekkyliadérthe frane at the m d- point. 49.
The apparatus of claim46 wherein the lower armincludes a first |ower arm

having a first end and a second en the first, end coupled to t first

oyl nder and the setbHoPE At CBTBE B b L PUHENG AL PSECBHEPPBer ar m
having a fd thstragfed and a second end, the first end coupled to the second
cylinder and the second end coupled to the frane. 50. The apparatus of
claim49 further conprising a spool, the cable traveling over the spool
after it has travel adowsrarmcaepled psenecypdite therfitsieyligdearomd @y pratersendt he
second enﬂﬂﬁgﬁggg_cable coupled to at |east a portion of the spool and the
cabl e coil'ed around the spool. 51. The apparatus of claim50 wherein the
spool is rotatable about a center axis disposed in a first plane and the

first cylinder and seeaungtocydupivdes tlarepeoiat;abl e about respective center
axes di sposed in a second pl ane.

a force measurement device for measuring the weight of the object, the

force measurement device coupled to the first cylinder; and

wherein the actuator is operable to lower and raise the force
measurement device, the first cylinder, and the second cylinder, and wherein the
lower arm substantially restrains the first cylinder from movement parallel to the

horizontal axis.
47. The apparatus of claim 46 wherein the object is a silicon ingot.

48. The apparatus of claim 46 wherein the upper arm has a mid-point

and the upper arm is coupled to the frame at the mid-point.

49. The apparatus of claim 46 wherein the lower arm includes a first
lower arm having a first end and a second end, the first end coupled to the first
cylinder and the second end coupled to the frame and a second lower arm having a
first end and a second end, the first end coupled to the second cylinder and the second

end coupled to the frame.

50. The apparatus of claim 49 further comprising a spool, the cable

traveling over the spool after it has traveled over the first cylinder and second



52. The apparatus of claim5 1 wherein the first plane is generally
perpendi cul ar to the second plane. 53. The apparatus of claim46 further
conpri si yoaotmmhiomg at | east partially surroundi ng a pectriusaoiof2gobe cabl e,
t he bushing configured to control theslposition of the cable. 54. The
apparatus of claim53 wherein the bushing is configured to control at |east
one of pendular notion of the cable and orbital notion of the cable. 55.

The appar gjlifdenfthcdcabid &l yMBE ible Edipldaus at REstiaonidhadH tBe hgjoneadtha first
position in which the bushing is in contact with the cable and a second

posi ti on Fableweited areindibeael is not in contact with the cable. 56. The
apparatus of claim46 further conprising at | east one position sensor

confi gured to det ect tie. Aasi,bip ofm 50 EAL Brphl) (L ERRSEE bBune. Trame.

57. The apparatus o urther conprising a pu or pulling the
obj ect upwartet axt3ispancdippafiat piand ard thee fisd cy gletr hed veebgdtylofdeameobj ect whil e

pul ling the object upward, the appayatus conprising: a frame having a
verti cal H%W@géﬁgmér%@?ﬁ?@ﬁFBFT&%ggﬁqpﬁﬁh9éﬁﬁﬁﬁgﬂﬂg%%s parallel to an axis
al ong which the object is pulled, the horizontal axis being orthogonal to

the vertical axis; 3 caRlfpaatRlodlain st Rehcphh Bl fidt PR igBgeraber having a
| ower section and an upper section, the nounting nmenber pivotably coupled

at the | opeperrbeliga thoseeord pleagve; a first cylinder within the frane, at
| east a portion of the cable engaging a surface of the first cylinder; a

second cylinder w t9&.”rc1ﬁe2a§3p£1rag{§%fcﬁ§m'4%%§ﬁhe? cm%ggigga%gsﬁiﬁggﬁ%ﬁ’éte engagi ng

a surface of the secon I'nder; an upper ar end and a

second engartibitesurpp@dingrapaaoipbftc tablé ke hihinig cogfigerbes cormrdl ewer arm
coupled at one end to the first cylinder and at another end

position of the cable.
54. The apparatus of claim 53 wherein the bushing is configured to

control at least one of pendular motion of the cable and orbital motion of the cable.

55. The apparatus of claim 53 wherein the bushing is movable between
a first position in which the bushing is in contact with the cable and a second position

in which the bushing is not in contact with the cable.

56. The apparatus of claim 46 further comprising at least one position

sensor configured to detect the position of the cable with respect to the frame.

57. The apparatus of claim 46 further comprising a puller for pulling
the object upward.

58. An apparatus for measuring the weight of an object while pulling

the object upward, the apparatus comprising:

a frame having a vertical axis and a horizontal axis, the vertical axis
parallel to an axis along which the object is pulled, the horizontal axis being

orthogonal to the vertical axis;

a cable coupled to the object;



to the franme; an actuator having a first end and a second end, the first
end coupled to the nounting nenber and the second end coupled to the first
end of theouppern7eamnm a force neasurenent device for neasuasagowk®Iwei ght
of the object, the force neasurenent @evice coupled to the first cylinder
at a first end and to the second end of the upper armat a second end; and
wherein the actuator is operable to raise and | ower the force neasurenent

device, the first cyhidudfhg m@ntbet RE/ISEE WMEr 8YdtioRdEd an Bfper Bb&iocap@ar at us of
claim58 wherein the object is a silicon ingot. 60. The apparatus of claim

58 wher ei HOUAENY BREPCpiHetably|caurlsd gt thp dasyer|segtion tatha fizeing a first end and
a second end, the first end coupled to the first cylinder and the second

end coupled to the glﬁg%gtﬁgﬁ%egg{m%{n%@qgn% g@g%ggtphﬁmrof%g@a@ ving a first

end and a second en coupf e second cylinder and the
second endngagingl eedirfaoce dhthe fimtreyiimdpryrenber. 61. The apparatus of cl ai m 60
further conprising a first nmounting nenber actuator having a first end and

a second end, the first end.cpupl.ed to_.the upper section of e nounti ng
menber and the. SecondteHt RGBT Bk, SBRss P gheris of ol am 6
1 further ¢RI SiuRflc@oSRE QRbnARYMdRY menber actuator having a first and a
second end, the first end coupled to the upper section of the nounting

menber and the second end coupled to the frane. 63. The apparatus of claim
62 wherein the firstnhpRAiRIMAGaviegbdistLad aad s sciond spérthdrepr 8Move t he upper

section o%oéﬂgiggﬂgﬁkﬂgmgﬁggﬁgain a first plane and the second nounting

menber actuator 1S opera 0 hove the upper section of the nounting
menber in a second plane different fromthe first plane. 64. The apparatus
of cl aim 58 further atongrarsicogplad buste ong tathel faaisdylipaertandlat yn@herreadndi ng a
portion of %hg?cable, t he bushing configured to control the position of the
cabl e. 65 A& Kpar at us of claim 64 wherein the bushing is configured to
control at |east one of pendular notion of the cable and orbital notion of

the cable. an actuator having a first end and a second end, the first end coupled to

the mounting member and the second end coupled to the first end of the upper arm;

a force measurement device for measuring the weight of the object, the
force measurement device coupled to the first cylinder at a first end and to the second

end of the upper arm at a second end; and

wherein the actuator is operable to raise and lower the force

measurement device, the first cylinder, and the second cylinder.
59. The apparatus of claim 58 wherein the object is a silicon ingot.

60. The apparatus of claim 58 wherein the lower arm includes a first
lower arm having a first end and a second end, the first end coupled to the first
cylinder and the second end coupled to the mounting member and a second lower arm
having a first end and a second end, the first end coupled to the second cylinder and

the second end coupled to the mounting member.

61. The apparatus of claim 60 further comprising a first mounting
member actuator having a first end and a second end, the first end coupled to the

upper section of the mounting member and the second end coupled to the frame.



66. The apparatus of claim64 wherein the bushing is novabl e between a
first position in which the bushing is in contact with the cable and a
second pospRboviizée1whi ch t he bushing is not in contact WwcCrhiSthwe/ocsbse. 67.
An apparatus for neasuring the weight63of an object while pulling the object
upward, the apparatus conprising: a puller for pulling the object, the
puller including: a frame; a cable coupled to the object; a first cylinder

rotatably coupl ed te2tTR dphaitis ofitlaif @3 tfudhd @bipEKingh stdmdaaklngingngagi ng
the first cylinder; a second cylinder rotatably coupled to the franme, at

| east a pBnbshacspateravie) Brsepfeiaegnd erd. shedonoendydonplge to thamgpein ar m
having a Le%ﬁgh})%'@e'}%%nﬁiﬁg?ne%%?%& H]t%%e@onfd'e&laﬁo&e@gd e aggeond end, the
ed to e-rr on n

first end coup ane and the sec coupled to the first
cylinder, the |longitudinal axis being substantially parallel to a path
travel |l ed by the cabB.elleaippeetustolielaim 62 twheydin Hobefirstamdurithe saoloard cyl i nder;

an actuator having a first end and a seco end, the first end coupled to
the fr ane?“‘éat%lts@ge%[?éﬁ%ﬁlﬂe YT sstipp PP ??éé%‘?}’rnitlﬁé mebef @ﬁfst Blﬂng he

obj ect, the fREQNIBRSIMRTBRIMAEHGRFRWPERTICHE nidie thd fiifer GkibRAEr at a
first end and to the second end of the actuator at a second end; and

wher ei n t the mantag orcniter ope sabhe pltaoe ddtweent diroch theifsst plane. f or ce measur enent
device and the first cylinder and wherein the arm substantially restrains

the first cylinder novenent ralbel to the .l.ongitudinal, axis of the
arm 68. The appara%%gﬂgﬁpgwgﬁﬁf%g%%ﬂg$3?%“?ﬁ8mggfgégtwgn%gﬁ?%ﬁ#ng silicon
i ngot . 69parfiliy apRAMAINGS rticd &f tht 6ablé,Uhd BehirpaBAfikGicado Eattidlefe conpri si ng
a bushing at least partially surrounding a portion of the cable, the

bushi ng cBAfiiQueidhe geple.

65. The apparatus of claim 64 wherein the bushing is configured to

control at least one of pendular motion of the cable and orbital motion of the cable.

66. The apparatus of claim 64 wherein the bushing is movable between
a first position in which the bushing is in contact with the cable and a second position

in which the bushing is not in contact with the cable.

67. An apparatus for measuring the weight of an object while pulling

the object upward, the apparatus comprising:
a puller for pulling the object, the puller including:
a frame;
a cable coupled to the object;

a first cylinder rotatably coupled to the frame, at least a portion

of the cable engaging the first cylinder;

a second cylinder rotatably coupled to the frame, at least a

portion of the cable engaging the second cylinder; and

an arm having a longitudinal axis connecting a first end and a



control the position of the cable. 70. The apparatus of claim®69 wherein
the bushing is novabl e between a first position in which the bushing is in
cont act wwohotohe7e@abl e and a second position in which tireThissdnongsws not in
contact with the cable. 71. The appar@tus of claim®67 wherein the frane is
rot at abl e about a vertical axis parallel to an axis along which the object
Is pulled. 72. The apparatus of claim&67 further conprising at |east one

posi }1 i 0][1 Sensokecond bhd WieHrst ehd@IupRl tb IR RAS Addome edcohiend ailptediot h respect
to the frane.
the first cylinder, the longitudinal axis being substantially parallel to a path

travelled by the cable between the first cylinder and the second cylinder;

an actuator having a first end and a second end, the first end coupled to

the frame;

a force measurement device for measuring the weight of the object, the
force measurement device coupled to the first cylinder at a first end and to the

second end of the actuator at a second end; and

wherein the actuator is operable to lower and raise the force
measurement device and the first cylinder and wherein the arm substantially
restrains the first cylinder from movement parallel to the longitudinal axis of

the arm.

68. The apparatus of claim 67 wherein the object is a growing silicon

ingot.

69. The apparatus of claim 67 further comprising further comprising a
bushing at least partially surrounding a portion of the cable, the bushing configured to

control the position of the cable.

70. The apparatus of claim 69 wherein the bushing is movable between
a first position in which the bushing is in contact with the cable and a second position

in which the bushing is not in contact with the cable.

71. The apparatus of claim 67 wherein the frame is rotatable about a

vertical axis parallel to an axis along which the object is pulled.

72. The apparatus of claim 67 further comprising at least one position

sensor configured to detect the position of the cable with respect to the frame.



