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The invention generally relates to sheet wafers and, more particularly, the

invention relates to fabrication of sheet wafers.

15
BACKGROUND ART

Silicon wafers are the building blocks of a wide variety of semiconductor devices,
such as solar cells, integrated circuits, and MEMS devices. For example, Evergreen
Solar, Inc. of Marlboro, Massachusetts forms solar cells from silicon sheet wafers

20  fabricated by passing two filaments through a crucible of silicon melt.

Continuous growth of silicon sheets eliminates the need for slicing of bulk
produced silicon to form wafers. Two filaments of high temperature material are
introduced up through the bottom of a crucible which includes a shallow layer of molten
silicon, known as a “melt.” A seed is lowered into the melt, connected to the two

25  filaments, and then pulled vertically upward from the melt. A meniscus forms at the
interface between the bottom end of the seed and the melt, and the molten silicon freezes
into a solid sheet just above the melt. The filaments serve to stabilize the edges of the
growing sheet. U.S. pat. no. 7,507,291, which is incorporated herein by reference in its
entirety, describes a method for growing multiple filament-stabilized crystalline sheets

30  simultaneously in a single crucible. Each sheet grows in a “lane” in the multi-lane



furnace. The cost of fabricating wafers is thus reduced conpared to
crystalline sheet fabrication in a single-lane furnace. Undesirably, |ike
ot her wafwo 2bebimat i on technol ogi es, this wafer fabricaCcirars2eieobiBgiue can
produce defective wafers. For exanple, the wafers can be thicker or
5thinner than intended. If thinner, they can be quite fragile, thus
reducing yield, or ultimately producing |less efficient solar cells. If

t hi cker, .t he pro erl ces downst r ea esses that
bre oal | Btk TRGFOR Af FnePhgBr i e ARGt o s S8 e” ot o
silicon fagﬁQﬁIOQqﬁaSM%q@lah@ﬁjrﬁ@&I ng fabr| cation costs. Dozens of furnaces in
a factory, however, can produce thousands of wafers every hour. The furnace

10operat ors t Hodesirable, llker@th@rthfﬁltT@bamloméS@mﬁbg@St‘fblslWﬁfpfefébrlwleny waf er .

h def f b f b
T ear ot PR o iher SRl sk adt PRSI P SLrGE bt PRSP ons M

process. thinfler exanRtRdeda Ifthtxﬁ@peh@mahcterqmaﬁ@gﬂaett@%dmgtﬁblﬂ vafers for
forty-eight hours. Those wafers could grocessed into solar cells and
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not usable.

SUMMARY OF EXEMPLARY EMBODIMENTS

20 In accordance with one embodiment of the invention, a method and apparatus for
forming a sheet wafer melts feedstock material in a crucible that is part of a crystal
growth furnace, passes a plurality of filaments through the crucible to form a sheet wafer,
and cuts a portion of the sheet wafer to form a smaller sheet wafer. The method and
apparatus then weigh the smaller sheet wafer, and control the temperature of the melted

25  feedstock material (e.g., by controlling crucible temperature) as a function of the weight.

A number of techniques control the temperature of the melted feedstock. Among

others, the method and apparatus may determine that the weight is higher than an upper
set weight point, and then increase the temperature of the melted feedstock in response to
determining the weight is higher than the upper set weight point. Conversely, the method

30 and apparatus may determine that the weight is lower than a lower set weight point, and



30 and apparatus may determne that the weight is lower than a | ower set
wei ght point, and then decrease the tenperature of the nelted feedstock in
response wo 2detm@unisni ng t he weight is lower than the | orer/uset1ineilght

poi nt . Sone enbodi nents have a thickness detector to determ ne the

t hi ckness of the sheet wafer before cutting. The thickness is configured to
control the nelt tenperature as 5 a function of the thickness of the sheet

wafer. In sych case, the neth an rat us may control the tenperature
by o welPh HEETSe G OPCE R AT T griied T kh S5 G et SPeminga e ¢ he

t hi cknesgecat BIWEr theh GBANYE sth@ciBBI foiktemper at ur e. The thi ckness
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reduci ng t he Thyickhbiscktess nefy Gchenfipirel resisngatgand!f teiperanat gitieni s above
a higher set wejght point. This thickness range .be a single thickness
(i.e., b@@ﬁv%ﬁ?}ﬁ@cp%a 1§ gashredrp bk ﬁ@@@éé)sfarpée-ﬁﬁ%ctg%&?mﬁqs THEWdB A wo set
POi nis. L ARCRIARACRA Whiaid0 k) Son FARRLIATREa Ak bl MRaldHEMHe PO cIa Pt hod
and appar a?us 260 for :‘ﬁ%l% mang apshget waf e rfaelﬁ% ?ee%s@g‘%k r?at %eri@ca in a
cruci bl ethidkatssirgngzaasta fohctanarfykt abight athd sthaltanabest wads's Far ptammdé.ithy of
filaments through the crucib to forma sheet fer, and. use a thickness
det oot or PEQ FELGAPERTHSF TR EKe<Sebst Tae PR h e PRk resTadBn ckness
det ect or [ohy%r BALUNRERUEHE h@h&@Rd éﬂFaﬁaﬁ% th@Rey 8t tiRf temperafiRé bgd feedst ock
as a function of the thickness. The nmethod and apparatus then cut a portion
of the sinewesingtheruppst ihidkoesnod thenthickaess stneetif hafeight webadw atlecrsyetl | er
sheet, vafghn, A0 SRRLERl kB SLLRE ALL ARyl dlRLRLEKET Tdlsligaher as @
functl on"'6f Hzle wel gehr? of Yt e 'SharT erY sheet Warer. YN a&cot dance with
ot her enadi MEEKNSsOSf thdthidke@Nah@Nif tie wigktis Wedvera Iggimmsét Welgitaomesyst em has
a crucible, configured to contain nelted feedstock, with a plurality of

hol es f ofhisalielness wnge maxbe pyingde thigkapssiie, bath gopw and lewer thiskepstesakC t o form
a sheet f t o0 has a separator for cutting a portion of
t he shee‘%ﬂgvsva%%)r&?ogwgeﬁn%g Ss@aﬁ%’r sheet wafer, a scale for weighing the
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cruci ble) for controlling the t(iarrp rature . of theB | ted feedstock materi al
as a2% untor fymips 2 shest Wéfe@ melt feedstock material in a crucible that 1s part of a crysta

growth furnace, pass a plurality of filaments through the crucible to form a sheet wafer,
and use a thickness detector to measure the thickness of the growing sheet wafer. The
thickness detector is calibrated to control the temperature of the melted feedstock as a
function of the thickness. The method and apparatus then cut a portion of the sheet wafer

25  to form a smaller sheet wafer, weight the smaller sheet wafer, and control the calibration
of the thickness detector as a function of the weight of the smaller sheet wafer.

In accordance with other embodiments of the invention, a sheet wafer growth
furnace system has a crucible, configured to contain melted feedstock, with a plurality of
holes for passing a plurality of filaments through melted feedstock to form a sheet wafer.

30 The system also has a separator for cutting a portion of the sheet wafer to form a smaller

sheet wafer, a scale for weighing the smaller sheet wafer, and a controller (operatively



II'lustrative enbodi nents of the invention may be inplenented, at least in
part, as a conputer program product having a conputer usable nediumwth
conput er woadetl4e91% program code thereon. The conputer Peadskéie/osode nay be
read and utilized by a conputer systemin accordance with conventi onal
processes. Thus, enbodi ments of the invention may include a nmethod of
formng wafer products froma sheet wafer including nelting feedstock

material in uci ble.that is f a cry stal. grow h furnace; passing a

o ural PRI R SR bt bR PRt s e S ARSI waf o

cutting gaRekfdsanuaétiddsrigbeionafer to forma smaller sheet wafer;

wei ghing the smaller sheet wafer; controllln% the tenperature of the nel ted
17
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the nelted feedstock when the weight is below a predeterm ned | ower

t hr eshol ePMPTi W@ﬁ@éﬁéﬁwéa%wlwéoeﬁrﬁtw@rh1590%968control ling a crucible

heat i ng syste I Nk ‘B@BE :Eﬁg;jﬁ Jreasure the
t hi ckness of t 9,% 1%% of t gérlgl%(g:lut t |ﬁréalu%?/aa t hi ckness ont ro system
that is pmdﬁcttgﬁbﬁth fhectcwnter mlclutihg meltihg fedpeclamdteeiabin aacriciblettharns pdrt t he 20

t hi ckness_of the sheef wafer, such that t terrp r at re may. controlled
by forwaPlh siestal @emth Bragegasing 8 pluyrality o Besmieh ohe eye?@ﬁmf%f%use t he

thic Wes%ewﬁﬂ’ef)'cuﬁbﬁ LB ith SMAOGRC REfIR] forﬁlear%@arll%lé WeBt waklF, hwé}gﬁlﬁ%c k?ﬁ: S

control system may onfigured to change the melt tenperature wh
waf er t hihekmeHsr shsetrmaafsru cedrdlongehe dernsdrateraodf the pretskfoediteck mhticoklmesis r ange,

such that the t era tr Ied by changi ng the 25pre-sel ected
t hi cknes¥FEHHRL! Wﬁlgﬁlﬁﬂgttl]ieéﬁ‘ ﬁ?”@ﬁ% 'ght of the smaller sheet wafer.

Such a pre-sejpgaiBds arlrarﬁémesewoaﬁ%tme tlaﬁqéeraaﬂe Hﬁp% cbhtrsliaass and a | ower
t hi ckness, such that the tenperature may be controll ed by |ncreasr ng the

upper t hinetensiag thsftemheratung ekthe seclted frgdstoek when thsivghghtiisali;akaw a | over set

wei g poi Rt and/ r b ucin e ] ower. t kness, of e thieckness range
if tllq5t reH rmlIslea v%thé % i:dn n%/or% ve\éﬁeﬁ%{lgnlgﬁn perﬁlre%%ttﬁerr)ne:ﬂ hi ckness of

the pre- ﬁeedm@cn@dhédrhe kReSS 1§Wa@%ﬂefb@miﬂ&@ﬂ&ﬁ@&ﬁre@%l§ hirfié togpetdigrepr e-
sel ected thickness range upward, and the |ower thickness of the thjckness
range naflapEc CRREEY l@d@e&oatyolgﬁg B CTUsiPle heatipesysieme étdé&lqnﬁllfc Rhelé%n?}’fa’ﬁb’e

downver deobafh A, AIRAN i BPURKNGS, bang

subst ant | a single t ess ments o pr er?nfr nven%r on al so
may i ncl udﬁ*roasymﬂﬂnddt mfcoﬁﬁgurbahgp eorsobthc ndf ®mperacirads adumebh bfithef eedst ock
mat eg(} al thllcrllingsscorf lfll(l:el S legt VE/QfEeir sucil t%at the ?Jmp%ra&&r%%a%rl be controlled by forwarding a
control signal to the thickness control system to cause the thickness control system to
change the melt temperature. Such a thickness control system may be configured to
change the melt temperature when the wafer thickness is measured to be outside of a pre-
selected thickness range, such that the temperature may be controlled by changing the
25  pre-selected thickness range as a function of the weight of the smaller sheet wafer. Such
a pre-selected thickness range may have an upper thickness and a lower thickness, such
that the temperature may be controlled by increasing the upper thickness of the thickness
range if the weight is below a lower set weight point and/or by reducing the lower
thickness of the thickness range if the weight is above a higher set weight point. The
30 upper thickness of the pre-selected thickness range may be increased by shifting the pre-

selected thickness range upward, and the lower thickness of the thickness range may be



5growm h furnace; passing a plurality of filanments through the crucible to
forma sheet wafer; neasuring the thickness of the sheet wafer using a

t hi cknesswoantvmhoigyst em the thickness control system lperng2aalosdasat ed to
control the tenperature of the nelted feedstock as a function of the

t hi ckness; cutting a portion of the sheet wafer to forma snaller sheet

waf er; weighing the snmaller sheet wafer; and controlling the calibration of

10 the thickne optro] syst a function of the weight of the smaller
Sheet Cun s ReE By SERbEhe DY R R i e Ao e i T RP B heos contr o
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e

pre-sel ected thickness, and t calibration may be controlled by decreasing
t he cal i br at eBmppéimsatsaditaipresant kivestson 4lsq mey sredldearmethedof fpames thas a

wei ght that, is.greater than re-sel ected wei d/ or 5 increasing the
cal {br at Bahb EeLRBlefarhRNe eBiGer FefRbrE i EP R Pl Grendel 2 Vel o
that §s pewshilladeapskiag aglaaligdh\idéits thihghrhe cielbacioaBh hishiopess may be
a thickness range or a single thickness. The pre-sel ected weight may be a
wei ght rWAKE measaring thy|tickissypt the shash diafas e githickeesp pRIEAsYStehe i on al so
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configured to contain ne ock, the cru e having a plurality of
hol es f ofeemascki a3ch fangiourlthd thidkhedst bwittient pottioh@dgie stedttvederf tedoisti eck to form
a sheet waf a separator. for cutfing a portiaon of 1ﬁhe shegt) wafer to form

r, .
a sml | e&m%@ééleee\fmma s Weighing e s htGhPAlTtand conbielfiag thafadbraligref; and a
cont [l | @ thiPPRSALNRN Yy F OB BAibRF 1N WA P iR sl Er GROLGALLT NG the

t enperature of tS e nelted feedstock 25materTal as a function of the weight
of the smal | eln whieest ak@harve embodimdnts, viar thekscsalcbetrolasystom reagblodi nent s, t he

t enper at ur, be control | ed increasjng the te rature of the nelted
F cetist ool R PHE RN 6 4B Ve e BB R G L B et ABOHB1 0 and! or
by decr eggibRdiohhfayt RRAEBIE By créRoBe LoD fieeprl Rkt MBIk ARS MR ght 1S
bel ow a predetermned | ower threshold. The tenperature 30may be controll ed

by cont r gnalicnghest walesihbs @ Wikt thayiseyenterthansaiplictsclsatediweight aadoer nat i vel y,

enbodi nents nmay.incl.ude .a thickness .det egt.or for urdi ng the thi ckness of
C o B oeitra iR Mgl Mgl OF RSt OF ¥ sl TRESWEL st el O To>°

t hi cknesghaciomdsk Bhansyst 8okt iveight CORE p@Wekdtcddahiclmiss flaythBe thgkiicst enper at ur e
as a function of the sheet wafer thickness, such that the tenperature may

be cont r GPEeer byingledkicknpsat Thgprerseleetst oyl snaydista weigkhrangaRrassivgle unct i on
of the V\@]b%m of the small er sheet wafer. Such a thickness

Embodiments of the present invention also may include a sheet wafer growth
20  furnace system including a crucible configured to contain melted feedstock, the crucible
having a plurality of holes for passing a plurality of filaments through melted feedstock to
form a sheet wafer; a separator for cutting a portion of the sheet wafer to form a smaller
sheet wafer; a scale for weighing the smaller sheet wafer; and a controller, operatively
coupled with the crucible, for controlling the temperature of the melted feedstock
25  material as a function of the weight of the smaller sheet wafer.
In various alternative embodiments, the temperature may be controlled by
increasing the temperature of the melted feedstock when the weight is above a
predetermined upper threshold and/or by decreasing the temperature of the melted
feedstock when the weight is below a predetermined lower threshold. The temperature
30 may be controlled by controlling a crucible heating system. Additionally or alternatively,

embodiments may include a thickness detector for measuring the thickness of the sheet



5 control system may be configured to change the nelt tenperature when the
waf er thickness is neasured to be outside of a pre-selected thickness
range, swvb 20trau4dine tenperature may be control |l ed by clramgisag1iobas3
pre-sel ected thickness range as a function of the weight of the smaller
sheet wafer. Such a pre-selected thickness range may have an upper

t hi ckness and a | ower thickness, such that the tenperature nay be

controlled.b Oi ncreasi ng the r thickness of the thickness range if
Che e geer Lot St wtagevoe HERa MUSHRECRRY b uair nySERe T over

t hi cknesgapf chhgdrfd KRES] thaMetd tbptRBirye Shinclisn 80QY ShRt Ragther set wei ght
poi nt. The upper thickness of the pre-sel ected thickness range may be

i ncr eas edudkpesshivohithay thahiemperatuse may tbe gontielbdriysscal dmjmaibadraknessind t he

| ower thickness. of the thickpess ran may. he decreased, by shifting the
oy e sel ottt SR it & RubBbF S EE Sl SE MRS B ErFARE Rt kAT
t hi cknesgont@NgRtdiihaly b6 lcuiRg et dahiedhk Ynedt t8Palaturt Mihek iRSSafeAddi ti onal

enbodi ments nmay be di sclosed and cl ai med. 20BRI EF DESCRI PTI ON OF THE
DRAW NGSthickness i pgasiredo) heeitsi¢e @fifepramselestisd drieknesy @ngg spgh tiphiheci at e

advant ag I i : e pLr I i.Ng
"Detai | onTRGRE Tl ik ERRGH IR e Wi RO Mok hen 08l L1 BT
r ef er encef the welpght df theisngHerssheerawdfaie Buchmmgde-atledtyd thedkawss rande gay Bavk
schematically shows a crucible growing a plurality of sheet wafers.

Fi gure 2SWHERHET SR 3pdshigisT @Kgﬁfs%awht%ﬁhecfaﬁlpﬁw%? BB@F@O%@%&% bl e
showy, i ninEfeQé’ihgtl%-upBQﬂ HidkHERRTeNd ACRhERARSS fhk I\&"é?élﬁ%tﬂ)e\f@w‘ﬁq@@g' Jents of
t he 1 nventi on. Figure 3 shows a process of formng sheet wafers in
accor danweighi pdinti dnidigs thyaeducengetht tdvareimtisness of the thickrest tapge if the weight | t
shoul d be not ed

t hat the. foregoi figures and the el ements, depi cted
therel n BeEotot MrEgebRFIEn) P e B ATSPoT Be A e BRI G S cal o
Unl ess thg @ﬁﬁ%%étind?éaﬁé‘d ﬁﬁﬂ%ﬁ%ﬁ%&seléctéﬁ%ﬁk@é@@%@e% Gaidlghe@eed by |ike
nuner al s. % DETAI LED DESCRI PTI | LLUSTRATI VE EMBODI MENTS
lower thickness of the thickness range may be decreased by shifting the pre-selected
15 thickness range downward. In certain embodiments, the thickness range may include
substantially a single thickness.

Additional embodiments may be disclosed and claimed.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Those skilled in the art should more fully appreciate advantages of various
embodiments of the invention from the following “Detailed Description of Illustrative
Embodiments,” discussed with reference to the drawings summarized immediately
below.
25 Figure 1 schematically shows a crucible growing a plurality of sheet wafers.
Figure 2 schematically shows a furnace that can incorporate the crucible shown in
figure 2. This furnace incorporates illustrative embodiments of the invention.
Figure 3 shows a process of forming sheet wafers in accordance with illustrative

embodiments of the invention.



In illustrative enbodi nents, a nethod and apparatus control sheet wafer

t hi ckness as a function of wafer weight. To that end, various enbodi nents
cut a snmawbepivefi|an froma growi ng sheet wafer, and wei gaTiuseomam1g3 cut
wafer to determne if it falls within 10 acceptable weight limts. If
outside of acceptable limts, the nethod nodifies the nelt tenperature in a
manner that brings the wafer weight back within the acceptable limts.

Details of il]ustrative enbodi nents.are di scyssed bel ow. . Figure 1
sohormt i cal |yl SHOUE bs Mg Tee I8 eDiTg: BB TR QPO apicisH sreinafor s 10,
whi l e Fi &Wrﬁce”ss&ﬁg@fﬁ&ﬂ foalohyisteBlcdr kdhigedcaRY TR itadontdR€ BiHBRAYIA €s the
cruci ble 18 150f Figure 1. This |arger systemal so has a controller with
def ect | sugigests dike glemenistare indiqagedviaf lése numasdpess as a function of its

wei ght. To those ends, this enbodi ment of the crucible 18 has an el ongat ed
shape with a region for growing nultiple silicon sheet wafers 10 in a

si de-py-si de arrangenent along its length. The crucible 18 of Figure 1 is
formed fromgraphite and resistively heated to a 20ten8erature capabl e of

mai nt ai ni ng sPHTYAERSFSGCRETHAN (HylldeUATRAAIVICEMBAPAYEENTS i s t he
crucible 18 tﬁﬂﬁelu&fﬁ&% Q%o FRdhrsd &R ,ta%hlr%igp{)e s coﬁt?ol@hée?'x&tﬁa%e?%ﬂcﬁne%%eat e

detail bel ow n scussing Frgure nperature o e crucible 18
i S vari esk 4 functiot ¢ fokafeadeight. Hichneasl, varouspibod endneseilt bsmatibrewsferici bl e 18
has a Ie*@rgth that is nuch greater

than its 25 width. For exanmple, the
| engt h of OHeZ B MG HFe “BCHAY! Belehiperevyly cHbralct r%%era%ea& Brialpgihing < _
W dt Ry QhecRbiRveid 1SRN 1PGRAHL BPRLSptablBGinklst HePhEhdPrbdiniothethapoat ed i n
anple, the bl'e 18 nay h

this manner. For e crucl y have a sonmewhat square shape,
or a nontcepcmngulims menagehatAsingh thenyafehecightuwick wathirBthh asceptdbéelimitn| et

portion 22 for_.receiving.pqlysilicaon or ot her feedstock, a growth region
20 for gﬁSWlﬁﬁflﬂlﬂﬁffatg’ﬁé’glboaﬁ’%@é?s.sarig}“‘éﬁ%ﬁ‘?g@lﬂ%t dunp region 24 for renoving
the melt. In pddidi QRembfi@IGTHEWDL @ IR dGME 1Bk Wingfodr shadtBfers Openi ngs
26, within the growth region 20, for receiving four parrs of filanments 28.

Each pai t0.ofhikiHigure Atsshargatisalls slovrsher lorgph syshem mhal insdrpoirdtecidn ciugitde Ednt r ol | ed
menner {9 honiD @ FEONNY SRGRLINGLET cdfalflP T SEHSPRY;OR BadiihRRt o,

'f it
conputerl zed processes” Cu € grow ng sheet warers INto shna sheet

waf ers 1@aRs tHidleyssmvefubgivar it wddhie Torthesckhes, 18s embosiadnasthart of a
process within a |larger sheet wafer growh furnace 30, such as that shown
i n Fi gur @ugiblerlgy hagiapsiangpieq shangevibd fogipmigt sroveang autslssiigomecel n may be

nol t en Sj{%fegsf inSsi O SRe a&gﬁé’;%%t %bmr?%ﬁk qg;l@{hs of the invention may be

appl i ed er nolten materi over, those skilled in the art
shoul d under sTEndutibat 1 8sfi Higurpllas fatned dirono gspkinbadi mestiwlahgitsd toa f ur naces
that Z(P ' O‘Ee?nspgrartrlll)rre %al?al;blef oeflr\galiin‘}a?n?gg silicon above its melting point. As noted above, it is
the crucible 18 that controls melt temperature. Thus, as discussed in greater detail below
when discussing Figure 3, the temperature of the crucible 18 is varied to control wafer
thickness.
To improve results, the crucible 18 has a length that is much greater than its
25  width. For example, the length of the crucible 18 may be three or more times greater
than its width. Of course, in some embodiments, the crucible 18 is not elongated in this
manner. For example, the crucible 18 may have a somewhat square shape, or a
nonrectangular shape.
As shown, the crucible 18 has a feed inlet portion 22 for receiving polysilicon or

30  other feedstock, a growth region 20 for growing four sheet wafers 10, and a melt dump

region 24 for removing the melt. In addition, the crucible 18 has four pairs of filament



10 four separate sheet wafers 10 and therefore can apply to furnaces having
one or nore lanes and/or to individual |lanes of a nultiple-Ilane furnace.

For exanpWwe,2opamwienbodi nents apply to furnaces grow ngPCRwSshees418mf ers 10
or six sheet wafers 10. Accordingly, discussion of a single furnace grow ng
four sheet wafers 10 is for illustrative purposes only. 15The furnace 30
has a novabl e assenbly 32 for selectively separating (e.g., cutting)

growi ng sheet fers. 10, and then i.ghi ng the separa ortj.o ow in
drel'|of aErgies By iiEee bt ki JE e e b oo HaraRRs Tt s an
appropr i gdieoMElaSBhts 28passcs BRGEAL BE nRAEA ifiBon WY ChtibREMRadn& &Kl 2 Waf er 10,
then may be placed into a conventional tray 34. For exanple, the novable

assenbl yg¥irmshept wefes §0.aAs dissussehecdow 20itomited, comnpjerizyd pesasses ¢uigha

portion fromthe first sheget fer, 10 as | rows, 2) weighing it, and then

By oui ws S et SRR kP inet O ites 1o AP o RSBl 1o 11

separat ed por Thoeruible Teeis fubddsds pafasta phedess witBinl dlatdee shdeawaRd grdvit novabl e
eat the sane process with a second grow ng sheet wafer

assenbly 32 naé Kﬁg 1 Tn ¢ !
10. Thi sfuppase 88ssusays thapehervn indagyrait dioy sipwligierthe melten mategiabdiseiyseheet
waf ers 10 unt | 0 . do t . t he
furnace %6g@%h%6&%@§h§ﬂgﬁ?%%22%2%5%’g??@?%gégéﬁgﬁﬁﬁﬁgm%g?g%gwgg sheet waf er
10, suchamdict hostheit halcrametetiol. Muawyved thdseakiliedhih Jhe aroshoaldnindaisende, t he
separate%» ortiaons of sheet fer my be referred to bel ow as "waf er

fo o

pr oduct s12t ALY MgHFFIShs TRRMIFEB PR t9 Arrgescs S etochrrmare.or favRtan v
speakj NOfout belaund ORSEWIRTCH RlaqlEhsRe ERAIA @ Ll EANALRR dilop nRkber

products such as solar panels. 30To perf this funct t he novabl e
assenbl ylag8& dndgr tamsimgdwt! fees pha ngdtiple lae gamacd. drorresehplei smicappar at us

(e.g., having a | aser assenbly 36, discussed.i di at el bel ow) for

Sonar it 1 PR AR of TRe s Hendiing Sy ESASE S SLRITES] 5t SiekoraRrolbe i o arm a7
for grasptagdRgldssRkioslorwaiglsfutthct %ﬁwﬁhgyo@rsﬁee& QRred) isaoel growi ng sheet
waf ers 10, and positioning the grasped wafers 10 in the tray 34.

Consequetlubtyativeparfoseshede 30 may substantial |y continuously produce silicon

waf e 10 wi thpout 1 nt Luptin he cryst 5 ar owt rocess. Sone
ool ment o DR S0 1Pk YRG5 o2 Bl RESEFBR (62T ot n has

st opped. cuttin%) grdWinghase veimss 101 i thanvabibRing SeessBhiiteddoadiciO(nb®yini ncl ude a
| aser assenbly 36 that, along with the rest of the novable assenbly 32, is
verti cal ¥yallpppabirdomn siRee B i/ ong| gravigs toadetergree Héfris 2B APRIPPYtRDV abl e

along a QQ{gh@ Ofﬁiggepﬁlla@&?poé}‘gon, GARME RS B3 naller wafer 10, then may be placed into

a conventional tray 34. For example, the movable assembly 32 may process a first sheet

20 wafer 10 by 1) separating a portion from the first sheet wafer 10 as it grows, 2) weighing
it, and then 3) placing the separated portion in the tray 34. After placing the separated
portion of the first sheet wafer 10 in the tray 34, the movable assembly 32 may repeat the
same process with a second growing sheet wafer 10. This process may repeat
indefinitely between the four growing sheet wafers 10 until some shut down or stoppage

25  event (e.g., to clean the furnace 30 or to fix the furnace 30 after detecting a defective
sheet wafer 10, such as those that are too heavy or too light). For convenience, the
separated portions of sheet wafer may be referred to below as “wafer products” to
distinguish them from the larger sheet wafer — generally speaking, it is these wafer
products that are integrated into other products such as solar panels.

30 To perform this function, the movable assembly 32 has, among other things, a

separation mechanism/apparatus (e.g., having a laser assembly 36, discussed immediately



10 notorized devices, such as stepper notors (one of which is shown and
identified by reference nunber 42), control novenent of the novable
assenbl y 80.20Pau4\anpl e, a vertical stepper notor (not PShasn)119es18s cally
noves the novabl e assenbly 32 as a function of the vertical novenent of a
growi ng wafer 10 (discussed in greater detail below. A horizontal stepper
not or 42 noves the assenbly 32 horizontally. OF course, 15as noted, other

T Pt - b B ot M RO E 0 PR 1Sk 1 SR GoRi FORone aflh $h5r ' ©
flexibil %&Ypiﬁé B@t’h@ﬁﬁll@b’w&ﬂaﬁ“’?"l‘éﬁ{a& tHedar@Reholed) AN ing sBEE vadBs a0 hnd0

enabl es the |aser assenbly o serially cut nmultiple grow ng sheet wafers
10. | n i positeming the graspdsbaiieemntOsin thhiway 4.t i(wabequanthhdid frorca B0 siaxges 38 and

40 are fornmed.nrimar.l rom,20 al um num nmenbers. that are..isol atied fromthe
oo SRR G APUER i Ht THIARG bl Rhg meflalic o6 omy' 16
to siiicaweRptodedsmSahk caibddirgiadewei] canf i el shb@lvwdfdts 106aRhdHREIY,
illustrative enbodi ments seal and pressurize the stages 38 and 40 to
i sol at e g1k hasowernsd: silicon in their environment. The furnace 30 al so has

gui de assenbl *i{? i’l}%s Ad fq%%os%f%aa{sgetngc}lggmh ‘%gsﬁ fngaf}/ﬁhé‘lﬁﬁ’e 7 Rsbr A%Reenélgg)%f or each

grow h channe or si frul't aneous Separate s waf ers 10.
When ref dinenbead withdhy rabuaf thy nayvablelabeathily 82 yis wertibdiyt moedds gloh@aa specific
channel , a .guide w general ly identified by reference nunber 44. For

) |1
i |lustr aYﬁirU%aLfﬁ@Bﬁé§e3§{dq§“§?lﬁﬁllbém§H@%? algne érhoiléo%%l séags iy iGonyentesrt hannel

44D, al t i-cal Mol heshicaf I f the
guidgglcﬁgﬁﬁgfiﬁﬁﬁ&%3%%ggﬁgg de igéqgﬁ?ch fgm?gﬁﬁgg%%??ﬁgﬁgﬁgbfrom

gr aphi t ercfgroducedend e conttal givtvemactnfithamormgplé asciblysl2. Thirsxaraglauan causes

the grow n heet wafer 10 to slide gentl al ong, the face of the guide 44
o proveltETIa BREETOGAEF S0P FEiHeaR By GRIAPE SFE AL "2

i 11 ust r afun¥GorLHad vemRibhiIsneenfler AgRNitg RAfct 16 (digaRsfin gaGherGeiade 44 for
generating a Bernoulli vacuum having a pressure on the order of about 1

inch of beewr. Abavkonjalistkppadmatosd2 meeyeathgassombdef2borizaalbr Qigcouese,
det ect | g MIEH e HE O AR RO NET e YBLEI 0. BRENSRNBrSRPAA BRI gt /1 enth.
illustrative and not intended to limit all embodiments.

The flexibility afforded by the vertical and horizontal stages 38 and 40 enables the
laser assembly 36 to serially cut multiple growing sheet wafers 10. In illustrative
embodiments, the vertical and horizontal stages 38 and 40 are formed primarily from

20  aluminum members that are isolated from the silicon, which can be abrasive.
Specifically, exposing the stages 38 and 40 to silicon could impair and degrade their
functionality. Accordingly, illustrative embodiments seal and pressurize the stages 38
and 40 to isolate them from the silicon in their environment.

The furnace 30 also has guide assembly 44 with four separate guides 44A-44D

25  (ie., one for each growth channel) for simultancously growing four separate sheet wafers
10. When referenced individually or collectively without regard to a specific channel, a
guide will be generally identified by reference number 44. For illustrative purposes, a
single sheet wafer 10 is shown in guide/channel 44D, although typically there would be
sheet wafers 10 in each of the guides/channels 44.

30 Each guide 44, which is formed primarily from graphite, produces a very light

vacuum along its face. This vacuum causes the growing sheet wafer 10 to slide gently



each produce a signal that controls processing by, and positioning of, the
novabl e assenbly 32. Specifically, after detecting that a given sheet wafer
10 has resiohett/|4wertai n hei ght/length, the detect sens®ecTAB2@n/054183 ven

gui de 44 nonitoring the given sheet wafer 10 forwards a prescribed signal
to logic that controls the novable assenbly 32. 10 After receipt, the
novabl e assenbly 32 should nove horizontally to the given guide 44 to

produce smal | er er .10, O course, .the Y e senbly 32 be

el ayed 1P Dot ey Bt 24 GoprEef T shi oy O s Saomeairire ive ot
been suf fhhcéRINtluktrBfen®Riments providdWpdi & Bk el JF¥RESRde 4ieRdrces may be
used to inplenent the functlonaFlty of the detect sensor 46. Vision systens

are one genswtinE@rBasyeutpvecuua hatinga pesiuecon the asderad ebout Ivineledf watansmi ts an
optical signa nd . res resultant optic reflections, shoul d provide
obti sractory. FudidR AR S Rargitel fhes RILE b shlleSind ERE PR R s epar at o
t ransgm t sirBcwife 80 MR ckRBrat @rtainSRidh¥eniio| RNERdustdiebeltal, abié dsefselisors 46
functionality. As yet another exanple, the vision systenms nmay include a | ow
cost | i neachdrerducapsicaal thptrontralypieiicaung BY.tag PPHHPRAS AL thomowdile cal sensors.

20The no S : - . r I jde 44 in
responsexﬁgkgg?%bgﬂ%hﬁﬁég%hgggg%g%ggggxg%PkggpgﬁX%%ﬁﬁgﬁﬁgﬁ%ngH%he novabl e
assenbl yctin sciglapaiytie thé daestisadsby 4ponagdenngidend moiitdring thhgiveositeegr owi ng
sheet wafers 1Q. It should be noted that illustrative enbodinents apply to
ot her coWfichd? Fvais a;mas;crlasf sigyde dase %h_sbfepél,tmisci_ﬁ?j moreblgAtscRdRbr s of
gui dgs  4ARENAPOH, $he r%vsa%‘tbsa?skf’rﬂbl%2fsﬂb'ﬁlg§1'1c%'h%)‘i'z§ﬁt91?y ﬂ)"thggr%eﬂ?ufd@ Ug (25 IS
for i1llustrative purposes only. "For additional detalls of various

enbodi meprioduaf a srhadlet wafiad®. 3 coswe, thinimogablSassteadlyPRibinag he delRpederit

Application No. US-2008:0102605- es di ng to co-pendjng US Patent
Aopl | cat IGRERETOm 37598 468 of i euiine§ GBERED THHnuress SISO Sakceh i o

i ncor por at ed RRLGUTeréd tifes o BEViEQNay BYuk@ i@ ffeRent tRE fitRlib RSy &P@E at i ons
of the furnace, such as mnonitoring wafer position via the 30 sensors 46 and

oper at i ndetediecnses dprbMipi@psysigmsare owref type. pharduemples p avtra-egledtaic sgusor] anes,

are gener gy, 1NR0SH, e, AgRRLEO AL, AT LAl LNGLHIRS ARergpriate har dwar e
and/ or sortware ogl C. nentl oned above, vari ous enpodiments wel gh

t he waf epropfdedudfadterydesuli maR@nathei éxafrppld, an wptitil Berd6cRpimbIcparari ght imits.
I f outside of acceptable limts, the nelt 5 tenperature is nodified in a

manner  t WESTHY 419G SO FaDQRET S0 THR O BRI MOR!; tAh et SRISHF CHORANEY. adE ¥Pt abl e
imes. AR, hBQR%d st Rl inclG8Oh 110 8t BnlBleh chREELA5EE: L he

t hi ckness
embodiments may implement non-optical sensors.

20 The movable assembly 32 therefore moves to the appropriate guide 44 in response
to detection by the detect sensor 46. In this manner, the movable assembly 32 is capable
of serially processing and cutting the four growing sheet wafers 10. It should be noted
that illustrative embodiments apply to other configurations and, as suggested above, to
different numbers of guides 44/channels. Discussion of four side-by-side guides 44 thus

25  is for illustrative purposes only. For additional details of various embodiments of the
furnace 30, see United States Published Patent Application No. US-2008-0102605-A1
corresponding to co-pending US Patent Application No. 11/925,169 (attorney docket
number 3253/130), which is incorporated herein, in its entirety, by reference.

The various operations of the furnace, such as monitoring wafer position via the

30  sensors 46 and operating the assembly 32 to cut wafer products from the various lanes,

- 10 -



of a sheet wafer 10, while heating the nelt decreases the thickness of a
sheet wafer 10. Thus, if the wafer product is too heavy (inplying that the
waf er i s woaotdised}, then the nmelt tenperature is increasediS201fi/o54183 waf er
product is too light (inplying that the wafer is 10too thin), then the nelt
tenperature is decreased. These tenperature changes are generally done
increnmentally in mhat essentially is a closed |oop control system

Thus, in exe i ment th st has at one a,scale 39 to
weigh 1 oo et bR O g CPaTo el B bR Ay e TS 8 Pt ot he
novabl e gyseblosi32. e. 9., to weight the sheet wafers as they are renoved.
Al ternatively, the scale 39 may be 15 on another part of the furnace 30 or
may be ext er nAb meptioird #barnastoBOsmbadinents waigh the Wafos pedducgo determine

e N

t he vaf efenpendiue ﬁ§m@ﬁ‘1(ﬂie@ a4 FrdhferTRAttbring SR Rod@s wiidhe u&sk withigrigat er
detail below. In certain exenplary enbodi mnents, the defect glc 48 may

control tq5eptieledingty eiperoandvehese githert.(cpoling the el ingreaics Hleat Ekerss bl e
heating sysyem \(/gfelgl() th Wgr)lﬁge@'re]?ﬁelﬂh&c}e*a?es%% Ehlc%eés*b Ghuginleg @ea“ ng

control circurtry exe i nents, e def ect
| ogi ¢ 48Thmy 1f(1bentvafek ptdaiectnte kdo Iteen‘pemq;ﬂytn@ﬂbytﬂee;vﬁ“eﬂg tdtgthﬁtkbteheﬂ thgper at ur e

control tems in the furnac case, ontr g t he tenperature
of the nk RIS L ﬁ §aw of eiaglstt todich (“Enﬁ I e et

cont { Pl SobRkini®hdn t%éh%'m:tgﬁh rifufe 1s'd@crte|5§e§ e[‘ﬁé& te ﬁp&taﬁf?e l:l'taﬁ‘@est dg melt

tenperature essentially ns control he tenperature of the crucible
18. gmﬁyﬁhubhbyxmmmﬂﬁdbenpdmatuemuﬂhwshekﬁuibapeoﬁﬁﬂwsﬁmmntroIIed at

| east in part,_pased on the t ess of the sheet wafer nd.in certain
exonpl ary” ot RO el R RO Ry HE i & e DS b sl £ T WEER R ness

control gW§Heah@t GaRkd fl. TR dcalcSUNREPbMME B3RP RS the M VaBR MR 30f the
mefer products. For exanple, to help nonitor and control wafer thickness

(i.e., togptoveaeht hatksos wafras asthey eictrmavey. p‘?slefdefttevietﬁ tedscalai3Oumasste range) ,
each | ane he. fur-nace 30 I cal has o t higkness dete tor 41
(shoﬁ% gen%%ﬁ%aﬁ?HCﬁql1%chegy8&F8&%ée§fnP0K”:e gP%Fﬁﬁhg:tH% ?ﬁic ness of

t he gr owida@ BhigefcctbithBy SonkRctewitd theTRMEDOS0 Al pattivhiag fo deycthegipagt of the
controller 47) for controlling the thickness detector calibration point as

a funct i GHOwR hergas pag of Fhé‘cPOMP]éf‘rr 47 thak megBors Shawpightcef] thg wakes prasiugisscussed
in greatgry 4 1‘3 rﬂgﬁt{(t}ﬁ!&%ﬁrg a[sef‘lseéggasn]ﬁegr%(g orfd Bl F'Ir‘tf%ll]o%\’/ t he thi ckness detector

41 measures t SS one or es o e growi ng sheet wafer 10.
In turn, the hfnacﬂamesscsnnpmeembodlmhtsbﬁmtde&nt Jogicr&may eontioé thehyelt he

t hi ckness detect n ogi ¢ determ ne whether the sheet wafer is
wi t h#h twglpﬁtae&e ﬁ@amtq#aewﬁé% 3 givgile hegting pystege ( egowa:tgmh%ter fhe el t

tenper at 4 @nel€ordhe cr‘ﬁ&b‘lé‘ﬁe%ﬁﬁ@‘éérﬂ%l@lr&ﬁ&&' Yot ShoDdiTh %ﬁiet ¥xé%ﬁ15t the
10cruci bl e heating system (e-g heater i'n the melt or the crucible

heat i ng cobadimknts, the defect logic 48 rnay control the melt temperature by leveraging other
temperature control systems in the furnace 30. In any case, controlling the temperature of
the melt implies controlling the temperature of the apparatus that controls the melt
25  temperature; in this case, controlling the melt temperature essentially means controlling
the temperature of the crucible 18.
Typically, melt temperature in the furnace 30 is controlled at least in part based
on the thickness of the sheet wafer, and in certain exemplary embodiments, the defect
logic 48 may interface with the thickness control system to control melt temperature
30  based on the weight of the wafer products. For example, to help monitor and control

wafer thickness (i.c., to produce wafers that are within a predetermined thickness range),

- 11 -



circuitry, not shown). Many types of thickness detectors should
suffice. For exanple, one thickness detector that has provided excell ent
results e 2a1di4ghs em tting di ode on one side/face of wrhe/tsh@esyaser 10,
and a sensor on the opposite side/face of the sheet wafer 10. The

15t hi ckness of the sheet wafer 10 is related to the anount of the diode
light emtted through the sheet wafer 10. Thus, the sensor detects the

| i ght through t fer and cqnsequentl.y determ ne fer thi.ckness.
nsai scutetidhain o Redtor S SR £ B nidkees R (edtedtigiBhoe:
waf er 10a5 ybid B @Ak 'QE SridermBlite AechieRRSSot A6 fﬁmﬁgqufe@@hﬁﬁi waf er
10. Accordln?ly, I f the 20t hi ckness detector 4I detérm nes that the

t hi ckneseontw! fogés (whith miy beped ahthc cantrglldndd) Hrcpetraling theltkickigss o heat t he
silicon | t . ver sel if.it .determ nes that .the thickpess.is_ too |ow,
Chen s hebuhidtB R Paty ot b aireub SRR Rhat Bk e s SERGnTre N e o
it may siiv@lsyediatoréubd détadl Heeat withgeRtentOtd MigureidthrRkd&s lefectdr g6t peri od)
to cool the nelt. To those ends, the thickness detector 41 is calibrated

wi th dat Bepepsdbeickngssoneon beihredgcs o tok eyeng shegewatend 0.ekuipt éhe t hat
thi Ck”eSﬁncfkﬂ@&ede%%{br%Qlitgﬁédng[‘@riﬁts‘é?é O d%g%@e nghéc%ggsg;a?e&rc%?%%ntfogﬁog@t ween two

val ues (e.g., between ons an cor dance
with illdatmahé whethebibd sientvafonfis &hkinithyprtttomintdthideteatundeoandif48 can

change that calibration as a functian of the apiqht of .t he shg@%rmafer 10.
For exanfi'el SOIPHAC Sleddempeiplre. -1ty pisalarng rirecthrindifretiy sy Beie) ogi ¢ 48
Ergy FRUSEUEDR Ik ng?%l%, Hfh ‘é%étﬁpﬁﬁ th@ﬁ{eﬁ%%&mrhaae%aﬁ@ &ngg| r ange

.g., increasing a1 ron thickness Iimt to 196 mcrons). Conversely,
i f the shemitry,si0t govmeavy, then the defect logic 48 may cause the crucible

18 to heat b ecreasipng.the calibrated range (&£.4. ecr easi a 190
Toron thi ckndEEs b of e RS i gD C B BERE | ogi ¢ 48
sinply n@tediby thit Hab ?rcﬁfﬂédre%célikinﬁl‘éﬁﬁﬁsshars%ﬁ%t &%&Mfégeaioué) BR bn@bide//RWRT

t hi cknesses (e.g., the five mcron range) up or down (e , a range of

. g.
190- 195 thicchesh svaaiy Opend migenserywdhe oppite $9g/face of the sheet wafer 10. The
15 thickness of the sheet wafer 10 is related to the amount of the diode light emitted through

the sheet wafer 10. Thus, the sensor detects the light through the wafer 10 and
consequently determines wafer thickness.

As discussed above, cooling the melt increases the thickness of a sheet wafer 10,
while heating the melt decreases the thickness of a sheet wafer 10. Accordingly, if the

20  thickness detector 41 determines that the thickness is too high, it automatically heats the
crucible 18 to heat the silicon melt. Conversely, if it determines that the thickness is too
low, then the thickness detector 41 automatically cools the crucible 18 (e.g., it may
simply not apply a heat signal to the crucible 18 for a set period) to cool the melt.

To those ends, the thickness detector 41 is calibrated with data representing a

25  desired thickness range. For example, that thickness range can be a single value (e.g.,
195 microns), or between two values (e.g., between 190 microns and 195 microns).

In accordance with illustrative embodiments of the invention, the defect logic 48
can change that calibration as a function of the weight of the sheet wafer 10. For
example, if the sheet wafer 10 is too light, then the defect logic 48 may cause the crucible

30 18 to cool by increasing the calibrated range (e.g., increasing a 195 micron thickness

limit to 196 microns). Conversely, if the sheet is too heavy, then the defect logic 48 may

-12 -



5m crons or decreased to 189-194 mcrons). Those skilled in the art
know t hat the cross-sectional thickness of a sheet wafer varies. For

exanpl e, wo2ma4gpots, a sheet wafer could be as thi ckPa3/usd® 150BDNS
(e.g., near the edges), while in other spots, it could be as thin as 140
mcrons (e.g., near the center). The di ode-based thickness detector 41
noted above is stationary in that it 10 neasures thickness through a single
spot, typically near the wafer edge, with.the wafer novin ast e

P cknestheitetrnon 18 bR Y derietui kit B i Eadameth bhY L he

| engt h ofidrbetishests Wak & 18T huSond)f AlRGnARLEC thel REUCE14AR 4GHBASRRY OF

decreases the thickness range, then the wafér changes in a simlar manner
across i shaft preoftirethidkoessaregeiictwean uripanhga lower theeknpisekvas sthe drgaiernat

I ' [ i hi th d f th 5.8h f f
195 m or BReS BTG At MG S0R08an S ARG Shor e TR on i hi ckness

change neadrefis driRceefdas 189-1vhenivvehgr 10 (e.g., the center coul d change
from 140 microns to 141 mcrons). In any event, the increase or decrease of

the wafer t hi theseskillgd in the grtrlaopahat they Fipss-pretiond dhigkncgeef ashvet WalST aver age
hi ck They.i i Gi.: f
thic ”es§%?e§.r %8%&?@6@ gdr{l%g;ott%?gk%ég‘scxg@%rgﬁld%tds%@ga&éshl%ﬁ n?ﬁhf(ﬁ%‘% ect

| ogi c 48 | reca et ector I n'sna Fenent s.
Speci fi cadak yhe ddgegpweilsinaeherwpbd®iy it tould e astimasvi(t iaerarst(c.ga ntardegr ee C

change in ne|lt_tenperature causes a change in wafer thickness on the order
of about “PEThi El?eoﬁgge-ﬁ%%F@Flﬁgﬁsy;fet%%%@e@t%%% ICHRAMBIEP A t enper at ur e

can i [ 1 S i : ths of a
he g&@%u!ré% tlﬁ%{qb{es% ’Efﬁbu%ﬂ J‘ﬁﬁ%@%&thgp?alﬁiﬂ néat th@whﬁg %ﬁ%%ﬂh@%ﬁ?

degree C. It should be noted that t efect logic y Initiate a change
in nmelt @bvingmppsrtht tiaknbssietbctom AMeb gt thetheknesyem be ewesured alomgethaaf er
products, ar i,.thin the specified lid weight range., For exanpl e, the
erect 1 bgrS ofshaster fites Dt e T Horbinar devreer RERORS ght o
the waf efanpE, ARMCHhS wafer REARS it siBIRr WRhBMacldstits pfdTad tdrexempPR! a Wei ght

limt (e.g., totry to keep wafer weight/thickness around a nom nal val ue

f or cons¢hangnoythe thigknesengethenesselisan eadnarerae isdmaknogsfag thedgelatths will fal |

out S'hsd € ﬁlceet:_l\?gfelg gal l|9(§ nvlf{roqlrs]tto 185 (iacrgllljsem}g%t Eéﬁ%'e %%lorr srpgﬁ 1%15 1A lrlliic?%lil ons) or
if the werghts o e war er
thickness change nearer the center of the wafer 10 (e.g., the center could change from 140
microns to 141 microns). In any event, the increase or decrease of the wafer thickness
will correspondingly increase or decrease the average thickness across the wafer 10.
The inventors anticipate that the defect logic 48 will recalibrate the thickness
20  detector 41 in small increments. Specifically, in some sheet wafer furnaces known the
art, a 1 degree C change in melt temperature causes a change in wafer thickness on the
order of about 25 microns. Accordingly, changes in the crucible/melt temperature can be
made in very small increments, such as in tenths or hundredths of a degree C.
It should be noted that the defect logic 48 may initiate a change in melt
25  temperature based on weight measurements even if the wafer products are within the
specified valid weight range. For example, the defect logic 48 may initiate a change in
melt temperature if the weight of the wafer products is nearer to one weight limit than the
other weight limit (e.g., to try to keep wafer weight/thickness around a nominal value for
consistency or to reduce the chances that some wafer products will fall outside of the

30  valid weight range due to typical process variations) or if the weights of the wafer
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products neasured over tine is trending toward one or the other weight

limt (e.g., to make corrections before the wafer products go

"out - of - SWOC012/044914 As noted herein, the defect nodeCe/usdocamiattend to
a wafer 10 in one lane of a multiple-lane furnace (e.g., weighing a wafer
product, controlling nelt tenperature, etc.) 5 while wafer growth conti nues
in the other Ianes In addition, the furnace 30 al so may include an

al ar m nodul,.e 50 ho her e rt of the contr | er t hat gener at es
ol O P sy Rt Sk e BBhe itaraAne S elier Sty B B 0 he
wei ght - bﬁﬁ@ﬁaﬁ%&ﬁﬁﬁé%dﬂﬁeQﬁ!&hﬁﬂFﬁMMdE%B“6&&%&b@ddthe indicia may include
such things as an audi o signal g an alarm, a visual signal (e.g., a

fI'ashi ng 10l i ghnoted hewsdn, ithetefyct nepdulsl Hceanatfend tmwa@el@m@ed@mﬁ@f&ﬂ consol e

or hand- he d d controlle at or d/ or The
R S e s o R S TR A
exanp e, wﬁﬂebv@ﬂ’lr ﬁtWtﬁrtohthatesaﬂtherotmme@dl tion occurred (e g., an

"out - of - spec” waf er product mas detected) an indication that an error
condition is Hppsidsuantheduimace30 alsgmayaihidesingrlanmaodile 8P (Fogauharsasr e

L, PO U L R ey oRt bhpngeictect o the

invalid gm]feeﬂlymmddmdtew@glﬁd;umﬁaspectt@m particularFiFgueeandpls tbovindicipragess  of
formng a IuraI| y of wafers 10 of the gﬁ@tl-lan furgace 30 i.n accordance

with illls atsmhet ergﬁaw iq sigpal(gg.» AR ¢EHIY-Grvisuaf sigpal (¢-8-- BdlayPRd t hat for
si mplgj ci f; tottlé@hgtefgﬁ'egedorﬁ ARES! et(faeoﬁto@@bltgot@&tﬂaxd%fapdewtdeed version of

an 20actu process use ornt urality of grow ng sheet wafers 10 in
a nmulti -(ctamlellédtbyl&toeap@mtom@mﬁmmh hglfyc; Tlhmmélcskmhj/ gdtlude anhef averistpof d

understand that,. the. roc gve ad Ith I not...explicitly shown
in Fi gur BFO8ss NpEBdaD, g‘ %\Af e’f%‘&’ A 1ﬁ%HP at 6‘1“%? ﬁ%ld][“ “YI'Ff er ent

order thgn tahﬁtouﬁbpttstc”waf@ rédiRlvantdtadiéd), tlhﬁdeaﬁ&l thia%h eridtQeRdisikh | | ed in
the art should be capable of nodifying the process to suit their particular

25 requi IS@HEW@@,hlm {eh@utthe (yedghss @&tlb@ WEN M%iuCtsrﬂre trendmg tPivearp ot »Sthbegl ns at
St ep%s’?, Oot wﬂlcﬁ 4. con{h%eﬁl %vta(s) léte d tne we{gﬁf Wafer ro@n?snﬁrﬁg ce% a et[ner 1als,

the feedsSt may ‘i nc e polysi Ffcon p 1970 ype dopant

such as memﬁmbet\ewahd&hemaﬁam@&gﬁ@ddctsllﬁa@wea &8 through the filanment
openings 26 in the crucible 18 and the Oq%ﬁl|l00n melt to forma plurality

of si nul t aneotigrie Behgrevi Higcasheborpame Rluregityaeh watsrst o fithymultalies . Seedi ng
and ot heﬁlrﬁatc@@b%aéc%?&%gwﬁﬁ illustrative embodiments of the invention. It should be

noted that for simplicity, this described process is a significantly simplified version of an
20  actual process used to form a plurality of growing sheet wafers 10 in a multi-lane furnace
30. Accordingly, those skilled in the art would understand that the process will have
additional steps not explicitly shown in Figure 3. Moreover, some of the steps may be
performed in a different order than that shown, or at substantially the same time. Those
skilled in the art should be capable of modifying the process to suit their particular
25  requirements without undue experimentation.

The process begins at step 300, which adds feedstock to the crucible 18. Among
other materials, the feedstock may include polysilicon pellets coated with a p-type
dopant, such as boron. Next, step 302 passes filaments 28 through the filament openings
26 in the crucible 18 and the polysilicon melt to form a plurality of simultancously

30  growing sheet wafers 10 across the four lanes. Seeding and other startup techniques

- 14 -



known to those skilled in the art also are perfornmed. Both steps 300 and
302 are conventional. At sone point, the process cuts each grow ng
sheet wafwp 200/44m410 smal | er sheet wafers 10, at step 302CTAScanas41gsy, the
novabl e assenbly 32 with the | aser assenbly 36 5 cuts the wafers 10 in a
conventional manner. Step 306 then determnes if a given wafer 10 (of the
specific lane) is within pre-specified weight limts. To that end, the

scal e 39 wei ghs, t he t..wafer 10, and deliyv a ne t he def ect
ogi o 48HAUT e HPSHREER O Al FRGCEY THe HRE SFPuS AR SCRHES def oct | ogi ¢
48 then gatvekidnaes 1 f the weight is within a prescribed weight range

extendi ng between a high weight Ilimt and a low weight imt or 10otherw se
i ndi cat es thaAt soné paing, sherprgedss ewts (eechggrowmgesh@lﬁttrmaf@rowamw sndliephept | t

shoul d be e scal.e 39 V|de th def th an
2bool ut o BTG bk AL CARERIRER” 8 Moy Bp B P S MG s Fileattily g or "o,
or arsi ndlt@ﬁfelvﬁﬁfet@flO\Aﬂ@hbﬂenflbﬁhleﬁlinnwf$ép A6b then Mktehhifed i@ giveasedftded

wei ght ran?e or alternatlvely whet her the weight of the cut wafer 10 is

bel ow t h¥0 {awhameiceific meMStthJlmn@bf‘o@fecméWﬁl@lﬁ lingifsg ko thtrand, thesegle WPt hin t he
wei ght llggfél?th‘@ PwaR: 1 6 MR REVEE 2 GRR0GE 1§ %(L)Heget%g 10%3&38111@% ?ogﬁﬁti et (Yes

in step hen nor mal gr owt Eonti rues t

movabl e ﬁﬂmmg‘md) yheaﬁaﬂaﬂ ‘aelght tTie dedt Yo gdesfathah deltem]fnesr 1fllﬁb waigtnhle withérya 34.

Al ternati vel p 306 determ nes that the wafer t wi.thin
prescri bigs melgﬁﬁ FANES cgtening etyvaca ﬁﬁ’é%a}la‘fvﬁllggt leﬁgﬁaea SR i equi red
baseg, Onotth&%w% gf&wes Eﬂ&?@ct{olﬂ% {-Hqﬁﬁgé ?e got%ﬂd%get%w%%é’hﬁﬁt?plt%wuld i Which the
defect logic 48 determnes if ef 10 1s too heavy or too light (e.g.,
whi ch prescd thaethewedlgR? nialyrprdmdehéle\m&et log® Hxeekeds bso lute weight of the cheavy,

t hen the 0CEeSsS ntlnu whi ch..i ncreases .t h rret
tenper at RET gt el abaguEPrEEa0 A5G0 i EnGErERter O et ¥4 Chay
recal i br a§ g Wihein tHY rkResed Q/@fgﬁ?fa(ﬂg ¢ BlaltPndtREfBAREhdr B WBight @APeat ur e,
e.g., by shifting the calibrated 25thickness range of the t hi ckness

det ect or wafer d@viedevd e low Vb@lghtllmelépt g,bocygmlnql@gh wﬁ@ht helltcr uci bl e heating
t-he

syst gMm Conveffse 1%%?12 w%hl% 11r_rlmt thno lte aﬁure fmge rn%eréitbase LPELHESS

Sl
continues to St e ecr eases ur e. or exarrpl e,

t he def egtighoGf® ﬂ&qm%y aealnbﬁhatgeomﬁcohhh@ésnesep%saﬁtv@ﬁcmheto decr ease
the melt tenperature, shifting the calibrated thickness range of

the thi cmﬁé@%e a@@@é{yop Izi&ceﬁ ﬁbﬁ‘a@edvly sefrardigd woker B dn thy teyRdr allfarpgivelye
cruci bl e;e Q&ﬁtS'O@Qle&}(rﬁﬁl%mhat the wafer 10 is not within prescribed weight limits or that a

temperature change is otherwise required based on the weight, then the process continues
20  to step 310, in which the defect logic 48 determines if the wafer 10 is too heavy or too
light (e.g., which prescribed weight limit the wafer 10 exceeds).

If too heavy, then the process continues to step 312, which increases the melt
temperature. For example, as described above, the defect logic 48 may recalibrate the
thickness detector 41 to increase the melt temperature, e.g., by shifting the calibrated

25  thickness range of the thickness detector 41 downwardly or by directly controlling the
crucible heating system. Conversely, if the wafer 10 is too light, then the process
continues to step 314, which decreases the melt temperature. For example, the defect
logic 48 may recalibrate the thickness detector 41 to decrease the melt temperature, e.g.,
by shifting the calibrated thickness range of the thickness detector 41 upwardly or by

30  directly controlling the crucible heating system.
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After either of steps 312 and 314, the process continues normal sheet wafer
grom h at step 308. In addition to, or in lieu of, controlling nelt

t enper at we,20tg4@kar m nodul e 50 may produce indici a asPdirasesgssiiabove,
e.g., to notify an operator in sone manner of 5 relevant process
information. After receiving this notification, the operator can take
appropriate action, e.g., to locate and fix the source of the defects. For

exanpl e, the erator can take of the following re i al actions:
veriTy the tniognete abfce Do S Wachy hjges Sontiie SormShedall f o aust or

silicon gekih gt didh 3¢k chi mey of the furnace 30, which 10can conproni se
readi ngs of the thickness detector 41, check gas flows in gas jets, if the
furnace 30 hab agdgigndesordndici a§ cgniselling medftemperare, thaglaimmmedwal>0t est  of

t he systeng T . ene%u%e t hat ik het.g,eat IJor(%fi.l e of the fLirnace 30
mat ches THEPIHYSHEEY A BPAA ekl Yo S RoRi Dot REFEYR S8 (A1 anent s 28
passing tyvanghrotdde idfoinadAt AFRE AdcaBSng2Bis noBific &ioN, iR dpkrdidiecah tikeace 30 is
due for a cleaning, | ook for | oose or broken debris, such as
br oken f@npa@ﬁwﬁ%acglap, ¢-8- thlecaip ppd fip thegweuropAd thadedighe sEorgrampleethst t he waf er

10, %erlratorcantakecﬁ{ydfrtf?é f%hlg%wgggn{gﬁ{ai a‘ﬁ%inght I's neither too high nor too

| ow, and/ just the nelt tenperature.
o verify the thickness detector 41 settings,

e check for dust or silicon debris in the chimney of the furnace 30, which
10 can compromise readings of the thickness detector 41,
e check gas flows in gas jets, if the furnace 30 has gas jets cooling growing
wafers 10,
e run internal test of the system,
e cnsure that the heat profile of the furnace 30 matches the intended
15 specification,
e monitor tension of the filaments 28 passing through the filament openings
26,
e determine if the furnace 30 is due for a cleaning,
¢ look for loose or broken debris, such as broken filaments 28, in the melt,
20 e analyze thickness profile of the wafer 10,
e confirm that the melt height is neither too high nor too low, and/or
e check/adjust the melt temperature.
It should be understood that this list of remedial options is not complete and, thus,
the operator may take other remedial steps in response to an alarm condition.
25  Additionally or alternatively, some of these remedial actions may be initiated/performed
automatically by the system, e.g., in response to the defect logic 48 or alarm module 50.
Some embodiments do not perform both the process control functions and
producing indicia based on the weight measurements. Instead, some embodiments only
perform the process control functions (e.g., adjust the melt temperature based on the
30 weight measurements), while other embodiments only produce the indicia, ¢.g., to notify

an operator who can then adjust the temperature. Some embodiments allow these
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It should be understood that this Iist of renedial options is not conplete
and, thus, the operator may take other renedial steps in response to an

al ar m comaipt2or44P8Addi tionally or alternatively, sonme @®CTiusesie/osasedi al
actions may be initiated/ performed automatically by the system e.g., in
response to the defect logic 48 or al arm nodul e 50. Sone enbodi nents do not
perform both the process control functions and produci ng i ndicia based on
t he wei ght nmeasur enent s ead so enbodi rrent erfo t he process
Cont 1 ol “RURGTR RS PRoG Vel ERh e it S et ¢b G HITHE 30 ot ght
nMeasur engi ehe, othhH h&thet, e boBIPOPirrRH8. TRLY aPleRduserialg thod e, €.9., to
noti fy an operator who can then adjust the tenperature. Sone embodi ments

al | ow thergéucefsan@mp@h@gn@ thes cerbeusadve dyive thefadarmedodwe §0 andlpt &wi ng t he
operator, 1o cgg 18 Cgutre1 wheltoher one, the other, neither, or both are

perfor med. PTHUS S “GY ?éiggf i'nt er nal | y, the system pr oduces an out put signal
that c£an be UA@@erfﬁgHﬂ’ Vs Renbat midRt el aa cBlctardeeiniduedor eEDAR@THAL €
control decision. 5Accordingly, various enbodi nents offer an effective

t echni quiichhet st aprrppiate pige anbweighiaf er has appropriate size and

wei ght . VIS CUSCRTRARL TP by b hal, BY S0 IcAn TR RE(HBLETER o0 at

|l east in part In a conventiona rogr l"'angua or exanpl e,
sone e ﬂbaﬂivﬂﬁlfdlﬁl mntplber proplaginEing echgiiapea Hok em]ﬁble abnnre@gfodm‘nmgmh@ bguage
(e.g., "C") in an object oriented 10 programm.ng | angyage (

"CH") @M@P@r&ﬁ%m P@ﬁ%@r%fpr?gﬁénmﬁ%m%%g b& "k Rl tjorgited

pr epkogr »{ e i grated

O o T R L S atial i SRRl TRl o e
conponeninsp lerhcntadh asapmmogeammai earbedicrebamognt ae. g. ,mtlcqmmsp@ilﬁdz meegtatsd| osed

appar at uglrcafl EFB?(EKS and digital signal processors), or other related components.

In an alternative embodiment, at least part of the disclosed apparatus and methods
may be implemented as a computer program product for use with a computer system.

15 Such implementation may include a series of computer instructions fixed either on a
tangible medium, such as a computer readable medium (e.g., a diskette, CD-ROM, ROM,
or fixed disk). The series of computer instructions can embody all or part of the
functionality previously described herein with respect to the system.

Those skilled in the art should appreciate that such computer instructions can be

20  written in a number of programming languages for use with many computer architectures
or operating systems. Furthermore, such instructions may be stored in any memory
device, such as semiconductor, magnetic, optical or other memory devices, and may be
transmitted using any communications technology, such as optical, infrared, microwave,
or other transmission technologies.

25 Among other ways, such a computer program product may be distributed as a
removable medium with accompanying printed or electronic documentation (e.g., shrink
wrapped software), preloaded with a computer system (e.g., on system ROM or fixed
disk), or distributed from a server or electronic bulletin board over the network (e.g., the
Internet or World Wide Web). Of course, some embodiments of the invention may be

30 implemented as a combination of both software (e.g., a computer program product) and
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may be inplenented as a conputer program product for use with a conputer
system 15Such inplenentation may include a series of conputer instructions
fixed ei tweromm4gvitangi bl e medi um such as a conput er reqdaisk@edsim
(e.g., a diskette, CO-ROM ROM or fixed disk). The series of conputer
instructions can enbody all or part of the functionality previously
described herein with respect to the system Those skilled in the art

shoul d reci ate. that such. conputer.instructio can be 20 itten in a
nuber SR, STl e e B ARG ESAdt SRTAFehi t ect ureq o
oper at i NBargWaleCHBentirdly kh@K 4RI €, such instructions may be stored in any
menory device, such as sem conductor, magnetic, optical or other nenory
devi ces, and Adthough the abnyeidiscossiansdipgossn yasausraxainpkry embodimehisef gy, such
as optical, .infrare m.cro or other.transm ssion technol ogies.

25 anong. B RN bSa bR B ¢ B SOSH ihE PETuE R Ry B8RS s 71 bt ed as a
r enovabl godE”htidAsWhitvill G RIBRAHMOEGS tBE hdMaRthoed ofthe GliveafibCwiRGH RPirehE ON
(e.g., shrink wapped software), preloaded with a conputer system (e.g., on
syst em ROMIGhe frpgeq@paioé fe ingmtigist ri but ed from a server or el ectronic

bull etin board over the network (e.g., the Internet or World Wde Wb). O
course, sone enbodi nents of the invention may be 30 inplenented as a

conbi nati on of both software (e.g., a conputer program product) and
hardware. Still other enbodiments of the invention are inplenented as
entirely hardware, or entirely software. Al t hough t he above

di scussi on di scl oses various exenplary enbodi nents of the invention, it
shoul d be apparent that those skilled in the art can make various 5

nodi fications that will achieve sone of the advantages of the invention

w t hout departing fromthe true scope of the invention. Wat is clained
is: 1A nethod of form ng wafer products froma sheet wafer, the nethod
conpri si ng: melting feedstock material in a crucible that is part of a
crystal growth furnace;
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5passing a plurality of filanments through the crucible to forma sheet
wafer; cutting a portion of the sheet wafer to forma smaller sheet wafer;
wei ghi ng wbeosrmahdier sheet wafer; and cont rol | i ngPChaISt@npes183 ur e of
the melted feedstock material as a function of the weight of the smaller
sheet wafer. 10 2. The nethod as defined by claim 1 wherein controlling
the tenperature conprises at | east one of: i ncreasing the tenperature
of the ngh}ed Eeeditgck when the weight is above a predeterm ned upper

t hr eshol &:"5RFUBLEr easing the tenperature of the melted feedstock when
the weight is below a predeterm ned |ower threshold. 3. The nethod as
defined by claiml wherein controlling the tenperature conprises

control | ing aAdneibobokfonamgiwafersyrededis from a sheetMrderrglichoethe carapriisiegi by

claiml further, conrising:. . ... neasuring th hi ckness t he sheet
Caror bef or o e GRRyER Harsriat ina SRERH bk bITERLRIRE RN alre? Nont [ o
syst eym bei ng pRpihE aphadlity® (ERathéms thrd\ghré Erubig®Ifatnih 8hés wafdrunct i on of

the thickness of the sheet wafer, 25wherein controlling the tenperature
conpri ses for (e hyorion @htheaheadivaden totforn memakreked 96iont rol systemto

cause the thi&ﬁﬁﬁﬁﬁt@9§5&ﬁ%sﬁ*§ a%tﬁwphange the nelt tenperature. 5.
I med by c

The net hod as alm erein the thickness control systemis 30
configured tocat@igeg thtenfperdtutcexfpier @t kudefcvdseotkinhacndfagn flidttiok0€dr i S
measured to be gutsi e gf a gre-selected t hi ckness range, and wherein
controllWﬁ@hE%@5?éW%@?é ¢t avater.

10
2. The method as defined by claim 1 wherein controlling the temperature comprises
at least one of:
increasing the temperature of the melted feedstock when the weight is above a
predetermined upper threshold; and
15 decreasing the temperature of the melted feedstock when the weight is below a

predetermined lower threshold.

3. The method as defined by claim 1 wherein controlling the temperature comprises
controlling a crucible heating system.

20
4. The method as defined by claim 1 further comprising;:

measuring the thickness of the sheet wafer before cutting by a thickness control

system, the thickness control system being configured to control the melt temperature as
a function of the thickness of the sheet wafer,

25 wherein controlling the temperature comprises forwarding a control signal to the
thickness control system to cause the thickness control system to change the melt

temperature.
5. The method as defined by claim 4 wherein the thickness control system is

30 configured to change the melt temperature when the wafer thickness is measured to be

outside of a pre-selected thickness range, and wherein controlling the temperature
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conprises changing the pre-selected thickness range as a function of the
wei ght of the smaller sheet wafer. 6. The nethod as defined by claim5
wher ei n twe 2proadgakect ed t hi ckness range has an 5 upper PChiuskore®s41ahd a

| ower thickness, and wherein controlling the tenperature conprises at | east
one of: i ncreasing the upper thickness of the thickness range if the
wei ght is below a | ower set weight point; and reduci ng the | ower

t hi ckness of .the thickpess ran i f. the wei ght .is .abo a hi.gher, 10set
wei ght  pOTTRRTISes chapgingdhe Re ¥l adh gkResh ENEs S & fUHPB O (el of the
I ncreasi §galidhenhdspPparert hi ckness of the thickness range conprises shifting

the presel ected thickness range upward; and 15decreasi ng the | ower
t hi ckness of the thickness range conprises shifting the pre- sel ected

t hi ckness ran do rd. 1. The t hod. defi ne .claimb erein the
hi cknest r andle RO RS deimhpu et She o e R s e CirEadt R MaSGF' A

net hod ofipfep tHitkI@sPartINEBiveinadli&inesst el WedrbiRdoa@emin}: ShargmpeRhire Bempegdst ock
material in a crucible that is part of a crystal growh furnace; passing a

pluralit¥ lemterqefents through the crucible to forma sheet wafer;
neasuring the; %%?%Eg%supggr &%Péﬂgi)ﬁhevﬁkﬁﬁes nk N GHRESSG9AL T Ol

system the o8 ess control system e|n§§% fﬁ%ate to control the
t enper at bmer odt vidight pelnt.eahdf eedst ock as a function of the thickness;
cutting a portion of the sheet wafer forma | 1 er sheet wafer;

wei ghi % gt Ee %&P%Fheslﬂg@f th%gp%srs ;of g}%&l?ckness rangesl the weight is above a h?gher

10 set weight point.

7. The method as defined by claim 6, wherein:
increasing the upper thickness of the thickness range comprises shifting the pre-
selected thickness range upward; and
15 decreasing the lower thickness of the thickness range comprises shifting the pre-

selected thickness range downward.

8. The method as defined by claim 5 wherein the thickness range comprises
substantially a single thickness.
20
9. A method of forming a sheet wafer, the method comprising:
melting feedstock material in a crucible that is part of a crystal growth furnace;
passing a plurality of filaments through the crucible to form a sheet wafer;
measuring the thickness of the sheet wafer using a thickness control system, the
25  thickness control system being calibrated to control the temperature of the melted
feedstock as a function of the thickness;
cutting a portion of the sheet wafer to form a smaller sheet wafer;
weighing the smaller sheet wafer; and
controlling the calibration of the thickness control system as a function of the

30 weight of the smaller sheet wafer.
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controlling the calibration of the thickness control systemas a function
of the 30wei ght of the smaller sheet wafer. WO

2012/ 04494 0RCID/I48AG11/ 054183 10. The net hod as defi nedPby/ush@insaswher ei n
the thickness control systemis calibrated to determ ne whether the sheet
waf er has a pre-selected thickness, and wherein controlling the calibration
conpri ses at | east one of: decreasing the calibrated pre-sel ected

t hi ck i f Il heet f ht t t th
pre- sel elted 61 BrEPdgndeined by iR Lubiniy r A eArP b Bl B ol coted
thi Cknes@alibfraté(h@ d%’t’@hlll&r W%E&tthé"ﬁfe@tr whRSha Mk 3Blected aticliiRsd, 88¢ whbBRih a

pre-sel ected melg The method as defined by claim 10 wherein the
pr e- sel eeandigllingit kﬁ@ﬁEMK§H®ﬁ§W6¢S§1@@thmnﬁhess range and a single

t hi ckness. e n, th re-sel ected

wet ght o onetsroagaRe et inGiedt SR S hRBrBESs hat or

growt fuweRaceasy starer QMR preisdBeted waidhe] Hide confl gured to contain nelted

feedstock, the crucible having a plurali ty of holes for paSS|ng a plurality
as

of filanents mﬁreéﬂg&th%qallb@tqdéé%@lé@tﬁd thackngssni ghegmadler yhgptewvafer a
separato egﬂrﬂﬁp&($ggwﬁa§ﬁ5%&ggﬁg§@g > sheet wafer to forma smaller sheet

waf er; a-sca | er sheet wafer; and a
controller operatively coupled with the crucible, for controlling the
tenmperature of the | t ed_feedstaock mater as a func on of the weight of
t hgp smal Fer S"Il;]é%{nem”g & deﬁned%y claim 10 Where{n tLe pre-selected t 1Jckness gs one of a g

10  thickness range and a single thickness.

12. The method as defined by claim 10 wherein the pre-selected weight is one of a

weight range and a single weight.

15 13. A sheet wafer growth furnace system comprising:

a crucible configured to contain melted feedstock, the crucible having a plurality
of holes for passing a plurality of filaments through melted feedstock to form a sheet
walfer;

a separator for cutting a portion of the sheet wafer to form a smaller sheet wafer;

20 a scale for weighing the smaller sheet wafer; and
a controller, operatively coupled with the crucible, for controlling the temperature

of the melted feedstock material as a function of the weight of the smaller sheet wafer.

14.  The system as defined by claim 13 wherein the controller is configured to control
25  the temperature by at least one of:
increasing the temperature of the melted feedstock when the weight is higher than
an upper set weight point; and
decreasing the temperature of the melted feedstock when the weight is lower than
a lower set weight point.

30
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14. The system as defined by claim 13 wherein the controller is configured

to control 25the tenperature by at | east one of: i ncreasing the
t enper at Wwe 20f2/ta4nel t ed f eedst ock when the wei ght is RCghiseottlosanisan upper
set wei ght point; and decreasing the tenperature of the nelted

feedst ock when the weight is lower than a | ower set weight point. 30 WO
2012/ 044914PCT/ US2011/ 054183 15. The system as defined by claim 13 wherein

the cruciple is associa ith a uci bl.e heati.ng .system .and wherein the
control 15t ©s TRoARgureir ] By AETB SO e ut Bd® SRofhsd Racba 1 eedst ock
by contrghbibRtheatifg Stddh, anh Sddet M9 tIRYSh8Mer 3 Confparans temdshdef i ned by
claim 13 further conprising: a thickness detector for neasuring the

t hi cknestsnmperatire of Higancligdffesdstosk by sovtne ting g ceustblphenvindispgiemhi ckness
information for a thickness control systemthat is configured to control
the nelt tenperature as a function of the sheet wafer thickness, the

control | e6. comhd guteptlad definee 8l ichi@atie fitieertcbhpliiags control systemas a
function of the weight of the 10smaller sheet wafer. 17. The system as
defined by cl athiskngssgdeseciarior measuping Kisebiskaess of Hic shoel st befare sRitiger ed to

change t %ﬁi ﬁ;ﬁbihintgecg{%g{ée?sé yﬁﬁwﬁoﬁ %P&th@ﬁ%ﬂs égﬂk‘&ﬁ%@éﬁl it iﬁ?é‘@%}u‘?gd {oo be

out si de pre--s ckness range, ereint troller is
conf i gur eshtiobthkhadiamrgpetdnae ps e fiartion béthetsheat kvadsshickmge tAscaentfolisct i on of
the weight of the s | er sheet wafer.

gconﬁgulred to reca 1Lrate the t e1ckness control system as a function of the weight of the

10 smaller sheet wafer.

17.  The system as defined by claim 16 wherein the thickness control system is
configured to change the melt temperature when the wafer thickness is measured to be
outside of a pre-selected thickness range, and wherein the controller is configured to

15  change the pre-selected thickness range as a function of the weight of the smaller sheet

wafer.

18.  The system as defined by claim 17 wherein the pre-selected thickness range has
an upper thickness and a lower thickness, and wherein the controller is configured to
20  change the pre-selected thickness range by at least one of:
increasing the upper thickness of the thickness range if the weight is below a
lower set weight point; and
reducing the lower thickness of the thickness range if the weight is above a higher
set weight point.
25
19.  The system as defined by claim 18, wherein:
increasing the upper thickness of the thickness range comprises shifting the pre-
selected thickness range upward; and
decreasing the lower thickness of the thickness range comprises shifting the pre-

30 selected thickness range downward.
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18. The system as defined by claim 17 wherein the pre-selected thickness
range has an upper thickness and a | ower thickness, and wherein the

cont rol | ewoi2e120@udfiegur ed t o 20change the pre-sel ected t RCTRISe®I3/064188) e by at
| east one of: i ncreasi ng the upper thickness of the thickness range
if the weight is below a | ower set weight point; and reduci ng the

| ower thickness of the thickness range if the weight is above a higher set

wei ght point. 25 9. The. system. as._defi ned by.claim 18, wherein:

S oas At B pisti pva kLD S AR Riecbis kb Qe SRR ESs hi fti ng
the presglgahesllthiigkpesskdange upward; and decreasing the | ower
t hi ckness of the thickness range conprises shifting the pre- 30sel ected

t hi ckness range downward. WO 2012/ 044914PCT/ US2011/ 054183 20. The system as

defined by claim17 wherein the thickness range conprises substantially a
si ngl e thi ckness.
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