; €BengMmHHI dJ*ZKMBMITMONF METHOD AND SYSTEM FOR NEASURIQS
POLYCRYSTALLI NE CHUNK SI ZE AND DI STRI BUTI ON'I'N THE CHARGE T APR @3RAL SK
PROCESS BACKORHMEO OF THE | NVENTION T rel at es PGIAEIYR494 t o

i nprovenents in. 5 silicon crystal g“ﬂmﬂ Eﬁ%gﬁs and, particularly, to a
vi sion system and net hod for neasurln d size distribution of

pol ycrystal li ne chunks for charging a CzoéWt'edski silicon crystal growth
process. Single crystal, or nmonocrystalline, siliconis the 10 starting

" material in
component Ssz% %EBE_;%@'%
produce th

Czochral ski process involves nelting a charge of hi gh-purity 15
pol ysilicon, or polycrystalline silicon, in a quartz crucible located in a
SpECIfICﬁﬂéﬁbggﬁbgwgdoﬁLT@@Cvagyptgﬁl|y, the charge is made up of
i rregul arl'y-shaped chunk polycrystalTine silicon prepared by, for exanple,
the Sienmens process. The preparation and characteristics of 20 chunk
polysilicon are further detailed in F. Shinura, Sem conductor Silicon
Crystal TechnolTigys pagestildd-A2latdeagdenteaPlesto( Saprbregontd iA989) and
the references cited therein. After the polysilicon charge in the crucible
is neliedsialiryrstatystidl i gupwtelc hpndosesteweasda peedicuysthy, 26ci at o
contact with the nolten silicon. The nmechani smthen WO 001 26446 2 ~ ?
APR 20a3 RORid39%pstosv and huethed t fer seedsuoipgl the gizsiagdcsyzeal from
the silicon nelt. A substantial concern in the production of single '
crystal|lﬂyﬂerhuﬁiﬁn(Qﬁxnﬂkygmysbabbesg thurke heedchar&ipgevent the
formati on of dislocations, voids, or other defects in the single crystal
lattice sﬁ?%RﬁhF%;Sh%lﬁﬁ%ﬁﬁQﬂ Feresal WEPUEALPERGESF e undesirable faults in
crystal geonetr ul fromthermal shoc vi bratj on or, mechani cal
shock, i nternalsyjsrf;]a? ’aﬁ%xt]o' r%ﬁl%?l%‘i"c’é}é%'i:?ib”i%' r%’c R LT eli®s, solid
particles in the nelt at. t-he cr stal romﬁh interf s. bubbl es trapped
DL 2 AhB IS Bl 18 21 ?%e%ﬁe% 5T | BT GRE ner at ed.

glhzlr gg?telrl %Il g&%ﬁg&p&eﬁs%%@%% &an yst §Jfl esrjt g’% he single
crystal. Erher Sa%ﬁ(ﬁ; rg_:rg gﬁ@ (Péé,)@hegq'%ﬁlt ea%ya#%teﬁéeief ect or

di sl ocation in t e si'ngle ystal prca nders much

Of an i NgQfs ¢k ﬁc@mﬁ sTre}E;[FJ Qf:%rst‘.él | $1 fshA abl@r{ Or OF W S A& CTonsd al

i ngots haV|ng t gr eat possi bl e zero
Czochralski process involves melting a charge of high-purity

15 polysilicon, or polycrystalline silicon, in a quartz
crucible located in a specifically designed furnace.
Typically, the charge is made up of irregularly-shaped chunk
polycrystalline silicon prepared by, for example, the
Siemens process. The preparation and characteristics of

20 chunk polysilicon are further detailed in F. Shimura,
Semiconductor Silicon Crystal Technology, pages 116-121,
Academic Press (San Diego CA, 1989) and the references cited
therein. After the polysilicon charge in the crucible is
melted, a crystal lifting mechanism lowers a seed crystal

25 into contact with the molten silicon. The mechanism then

T
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20 dislocation length. Ideally, the entire usable portion of anme@E woul d
have zero di sl ocations. Although presently avail able C20chra]sk| rom h
processes WRW2HEN satisfactory for growing single crystal PST/P§¥EAsef u
in a wde variety of applications, further 25 inprovenents are stil

desired. In particular, the polysilicon ghunks used to charge the crucible
have different shapes and si zes because they are typically , obtained by

manual | y bweekdrged) sihapssed ogs phll a! gZoPRg2c3y3t vl yeomstrt! i ne
silicon, grown froma cheni cal vapor deposition process. Due to the brittle
nat ure of goliycsysteltine silicon and the manual breaking operation, the
chunks do not have a fixed shape. Rather, the chunks 5 consist of small and
"l arge pi eces wik Eubgsoni imt | opnoérshanpthél pnoduanion oofidsedges. The shape
and size of the chunks, as well as the size distribution of the chunks, can
vary wi del gryeirehdingpioh het g ddzeekraiskheppotges yis athe neeed| teon. The
si zes of the polysilicon chunks can_even vary 10 anpng |ots produced by the
same pt odREeventhehg Aormagiiomuef ofl #toeabhRas pl v9hdar sPEHnPEReant role in
the meltin gghavipr %I the charge and_in the likelihood that dislocations
or other d#FERES MYMIQpDEE T rFTRRE 3] nhRCEhgt SEPMFtek@anpl B IPRESRYe

di stributi f 15 pol ystalli il hupks_ i nf) tribut
fo | 055 of STMICITH RN 'S 1 Or OETE Fr BELS S SRbHF o ST E8FFhg 11 m oxi de.
flaking, bridal ieces._ Pr ntly, lycrystalline silicon
prochgrs §é§$%§@%é§%ﬂP§H?E%%§$§§ %§é¥%% z%%%?%’dffé% ?rg%i%ﬁldisf:ihution

20 has; ; . Of lysili t
O 220 | B as] sl TSl BLONUEE 801 aRI VS SR RSB IHET 10
measug NG LAk i Fb-dridd M LIONS WH AGs o 18001 Olige NG qacg .ac%%?stahl

of opti mum chunk 25

Know edge of size data would facilitate a determ nation

sizes and girag1diifidd AEdONGa AWLLICNS OGEGHREA Y w WA i d K rive: ef fi ci ency
and t hroughput . 17 APR 2 3a German Pat'ent No 4,113,093 to Duml er

di scl oses didfaden@ etisdorOle fft@idlyeriied alikde Sodde Yerdilted used as feed
for the Czochral ski crystal growi ng process is an inportant paranmeter. This

document siiggflestatsions ripgaraden freeduhl fmtmityalof aled assidyalts i ngot a feed
COhSIStIrKLfgctrical characteristics and permit the attachment of
15 impurities to the single crystal. Further aggravating the
problem is that any localized defect or dislocation in the
single crystal typically spreads and often renders much of
an ingot unusable. Therefore, it is desirable to grow
single crystal ingots having the greatest possible zero
20 dislocation length. Ideally, the entire usable portion of
an ingot would have zero dislocations.

Although presently available Czochralski growth
processes have been satisfactory for growing single crystal
silicon useful in a wide variety of applications, further

25 improvements are still desired. In particular, the
polysilicon chunks used to charge the crucible have

different shapes and sizes because they are typically

obtained by manually breaking U-shaped rods of



appropriately sized chunks. However, Dumer fails to disclose determ ning a
size paraneter fromimges of polycrystalline silicon chunks. United

Ki ngdom Pat ent No. 2,246,230 to Bow er et al. 10 discl oses p7skRipeg3orting
apparatus, notably for raw di anonds, in which video caneras are used to
generate i mages of objects. The inmages ane then processed to determ ne
edges and hence the objects are identifiéd. The inmage of the object is then
processed to deternm ne paraneters indicative 15 of the shape of the object.
Unfortunateli t he Bgmker et .al . device f%ils to teach asuring

pol ycr yst aPPHHET¥PERLOANENGARL CPE  dSEEMH FE 0 & FEPFHnet P9 ndi cati ve of
a size distribution of the polycrystalline.silicon _chunks. For these
reasons, ancPRpr&ved ?ﬁ?F@ﬁFandgHgt 8dthﬁfhﬁiqﬁ%?rﬂ§%ﬂﬁq t he average
size and the_size distribution of 01 26446 4 1?~R2~13 PCT/ US99/ 24934
poIycrystaPPF¥8r¥FFPigﬁn@h§ﬁ %Cﬁﬁ’ﬁéggq f%%“@goéﬁﬁﬁﬁﬂﬂg[ﬂRﬁﬁéﬁ??%’
desired. SUMVARY THE | NVENTI ON The i nvention neets the above needs and
over comes EA8 SPHBRPcABNEPES PGSt Re TSPy i nd B S ed
system and nmethod for analyzing.the average size and the size distribution
&f pol ycrySPRFEFReCE FMEdA ERGNRETIThiPd SC& SadddipIa SRR IRAEPT rfh’ff;e
processor or vision systemthat is nore efficient and |less tinme cqonsum ng
than the pfPB¥FP10PARAT. AGREANERYEGUSAFESt-he THce SARPY AREhtS iGf Rioviltfes
measurenments of a range_of paraneters including average dianeter, perineter
si ze, surf@benkfeadsaypeét 2apaths, sare tdﬁégté-”ll?él%d-i%'{ b dthieorrBmkshe ©Hunks.
In addition, the systemis economcally feasible and comercially
practical , vasyanddehy deprodisanobe thar Preduser &ff idiemalyamnmptalline
econom cally. Briefly described, a nethod enbodying aspects of the

i nvention pethres.a dbeepdizrat Péntde polyshydican ianands iqgh eMmkvagivze for
use with a Czochral ski silicon grow ng 20 process. The nethod incl udes
18rrangi ng anengr labseprpobycegdsbal thee ssimei predsingrks on a neasuring
background that provides an inmage contrast between the polycrystalline .
silicon chunks &hd theendasuoriibgthackgifowhdnkan pleyge cofsignificant

role in the melting behavior of the charge and in the
likelihood that dislocations or other defects might appear
in the final ingot. For example, the size distribution of

15 polycrystalline silicon chunks influences contributors to
loss of structure during the growth process such as
splashing rim oxide, flaking, bridging, and quartz pieces.
Presently, polycrystalline silicon producers do not measure
the size of the chunks or their size distribution on a

20 regular basis. At most, producers of polysilicon use a
ruler to measure the length and breadth of the chunks.
Unfortunately, this method of measuring chunk size is time
consuming, laborious, and inaccurate. Knowledge of size
data would facilitate a determination of optimum chunk

25 gsizes and size distributions, and, consequently, would

improve efficiency and throughput.



t e polycrystalline silicon chunks on the neasuring 2~ background is
generated with a canera. The inmage has a plurality of pixels and each pixe
has a val ue t hat WO 00/ 26446 5 1 7 APR 20D3 PCT/ US99/ 24934 pepregents an
optical characteristic of the generated image. The inmage is processed as a
function of the pixel values to detect edges in the imge. According to the
nmet hod, the detected edges are grouped t:@ define one or nore objects in 5
the i mage corresponding to the polycrystalline silicon chunks. The nethod

" further includes determning a dinmension of each defined object. A size
par anet er associ&fgsh WhbehPenBOLYEiYShab! LBEDah EEOR i GRUREE ORHAE the
measuring background is then determ ned as a function of the 10 determ ned
di mensi ons, eth'P.91&‘%bﬁ@ﬂy@?&&%‘f}fLﬁ*QOE*EEFcSHbEHhH‘EEt uledt B8 lfapentdaon 1s a
system for determ ning potycrystalline silicon chunk size for use with a
Czochr al skinsid}Son. o1 O NdyPELOES S okl SYSbERLENSLUASS AERASHE NO.
background that 1s positioned to stpport~one or 15 nore pofycrystalline
cont st BTSN CThe porser Sor IF e SUfebS SR b et g

ackground,_.The. syst e . knclud o ra.for rati an i mage of

$he poIycH@%ﬁ%ﬁ%%%eé%?%?%%%l%ﬂU%Esfgﬁgﬁoggﬁggﬁeggﬂgﬁﬁglgéc%ground. The
i mage generated by t canera has plural ity of _pixels_arid each pixel has
e ue T e TR o b o T o Pk e T o PRET S e 1 en B at b | mage.
An i mage processor processes the generated | e.as a.function of the pixel
val Ues 1 o U BT R dBRES TR HAT | Ragess 28° TRECF Rags  BPotBESEP Groups t he
detected edges to deLine one, or nnrg og%ects in the inmage corresponding to
the pol ycRELAT YRR bt 15 oRt thoRs“ BB Ehen deternines a di mension of each
defined object. The image processor also . WD 00|l 26446_6 determ nes a size
par anet er associtle m%gﬁggﬂ@ Ra§e%PRNQOO§'%%§72%99F945§W?65I?Er?gtalIine

silicon chunks, on the neasuring?background as a function of the determ ned

1Gii mensi onsTiC1IREIeR | HRAPOLFREELNT apparatus, notably for raw

diamonds, in which video cameras are used to generate images
of objects. The images are then processed to determine
edges and hence the objects are identified. The image of the
object is then processed to determine parameters indicative
15 of the shape of the object. Unfortunately, the Bowler et
al. device fails to teach measuring polycrystalline silicon
chunks to determine a size parameter indicative of a size
distribution of the polycrystalline silicon chunks.
For these reasons, an improved system and method for

20 the measuring the average size and the size distribution of



5'Alternatively, the invention may conprise various other systens and
met hods. Qther objects and features will be in part apparent JapchPRN2PRA! t ‘
poi nted out hereinafter. BRI EF DESCRI PTI ON OF THE DRAWNGS 10 Figure 1 is a
schematic oYOPMREUAt view of a system for neasuring pol ycrysR&/VPHE4¥¥ i con
chunk size according to a preferred enbodi nrent of the invention. Figure 2
is a schematic of a side view of a system for neasuring polycrystalline
silicon chunk size according to a 15 preferred enbodi nent of the invention.
Figure 3 i podyceyetpllaivel siusidod ickurMs Ed didal i nBge @fodyRel dksilicon
chunks. Figure 4 is an exenplary illustration of a digital inmage of- Type 2
silicon chpmoses20ilsi gesdredi.s an exenplary illustration of a digital inmage
of Type 3 silicon chunks. Figure 6 is an exenplary illustration of a .
digital . , imge of silicon chunks undergoi ng anal ysis by the system of -
Figures 1 and 2. 9 7 APR ?DD3 Figure 7 is an exenplary graph of the size
di stribut i CHMNARY] OFc FHECANNENTVONsSuUs the sil houetted area of the chunks as
determ ned by the systemof Figures 1 and 2. Figure 8 is an exenplary graph
of the fraction of 5 single crystal silicon having zero dislocations versus

pol ycrystalline chunk lot. Figure 9 is a flow chart that illustrates a
met hod for det eFRENLRYSPELGRr Feeki| the fboveomeadmiens AYeyFaFasattien
accordi.ng t.o.the inventi 10 Cqrrespon reference characters indicate

t . i
corresBond@ﬁ&lﬁéFPglFﬁrngHBGtpFHQrdﬁéﬁi%ég%qﬁ¥ﬁ InED ABESERISVEN OF
PREFERRED EMBODI MENTS R i to.th i . Fi d 2 sh
oyst em for SHESSNr HG POEperyEPa PRRLYZAREcsRC AR das o =8 16 w thoa
Czochr al ski,:Si : - i Al i, t i . wt h
oy ocese, ~asitenfiBcELbatbaIbE LS ORI T A O 2okl P sl Ol

charged 1048 SEuehbl genfanBat gh SHEURLRASRE, ChiYBATRLLS g phar g

to forma silicon a~si e crystal i's
assigned Uig mBateBkrNesenp. 288 9835289me consuming than the prior

10 art. Advantageously, the present invention provides
measurements of a range of parameters including average
diameter, perimeter size, surface area, aspect ratio, and
the size distribution of the chunks. In addition, the
system is economically feasible and commercially practical,

15 and the method can be carried out efficiently and
economically.

Briefly described, a method embodying aspects of the
invention permits a determination of polycrystalline silicon
chunk size for use with a Czochralski silicon growing

20 process. The method includes arranging one or more
polycrystalline silicon chunks on a measuring background
that provides an image contrast between the polycrystalline
silicon chunks and the measuring background. An image of
the polycrystalline silicon chunks on the measuring

25 background is generated with a camera. The image has a

plurality of pixels and each pixel has a value that



5,814, 148 descri be suitable nmethods of preparing a polycrystalli$ '#icon
charge. Once | oaded, the crucible is placed in a crystal groﬁﬁﬁgﬁgb at us,
t he heat erwef00bd46h nelts the polysilicon to formthe sili cREIVHEIN2494 25
susceptor situated on a novabl e pedestal associated with the WO 001 26446
8 1 7 APR 20D3 PCTNS99/ 24934 cruci bl e dr%ve unit supports the crucible. The
pedestal is positioned such that the bottomof the crucible is near the top

of the heaigl agd,gLadyallys Lovergg-hotart Ue;Shagechusidn the fearer, The

speed at Cruci rrve . owers t rucible’in e

heater, asTM@'1mﬁ$%?i§gé¥$@€§9éﬁe£§-?gfunEE?BEroﬁoﬂﬁE’Fﬁ&%ﬁiggﬁuggteb

i on,
and system press ects t nmelting of the polysflicon charge. As

.described gbovey &hgesizg Qﬁétiﬁ%éi.onAe_&oka@ngowsi;htecaatﬁeapkéhe! ays a
significant role inthe nelting behavi or of "the charge, which, in turn,

affects t hgepossédi tddys odrdi gLogpedons aefohbepndebeckdrappbeg LA the
final ingot. The size distribution affects splashing rimoxide, flaking,
bri dgi 5ig, tluarimagpe ecesreswondihegrtdacher polpatysoaliihat eildcanl oss of
structure during the 15 growh process. According to the present invention,
t he syst encluinles gurBise Imetio? facthéet atesladeswdetehnining deddmendiag an
average size and size distribution of the polycrystalline chunks. This
met hod i s ¢eseach ndefomedndiechd i3 abrpabhranetarnpsecdéabpfeditht a
anal ysis than 20 conventjonal techniques. Further, this size information
may be uselthe Pobr¢RTseal htnenditicor PanpkeyaralNenBe8FIFEBE for use in
charging a Czochral ski growth_process. _The system of the present invention
i ncl udes PFFIEPHRA | Ighiherapietarnined as adfw_EabPR aﬁngliz a digital
camer 25 14, and.a video nnn%tﬁé %g. The digltal canmera 14 is attached
gHee 1 3nf

to thgoédiéﬁﬁ%EW%p%.ﬁ?ﬁ@?%ﬁl?%% ¢ tn98 2FIGChBri zontal position X
and a vertical position ¥ 5nce alm &2, 1 snadhysLable. 12D, 0pEhatgE can vary
determining polycrystalline silicon chunk size for use with
a Czochralski silicon growing process. The system includes
a measuring background that is positioned to support one or
15 more polycrystalline silicon chunks. The measuring
background is such that it provides an image contrast
between the polycrystalline silicon chunks and the measuring
background. The system also includes a camera for
generating an image of the polycrystalline silicon chunks on
20 the measuring background. The image generated by the camera
has a plurality of pixels and each pixel has a value
representative of an optical characteristic of the generated
image. An image processor processes the generated image as
a function of the pixel values to detect edges in the image.
25 The image processor groups the detected edges to define one
or more objects in the image corresponding to the

polycrystalline silicon chunks and then determines a

dimension of each defined object. The image processor also



0 15 positions of canmera 14 1 7 APR 2003 PCTNS99124934 As schematically
showh in Figure 2, light table 10 conprises a top surface Zq 7 NEER 20B3
"illum nated by a |ight source 22, also referred to as an i%l 'nag&qp

sour ce. Alyﬁbﬂéwmﬁigure 2 depicts the light source 22 as a FE B i 4
shines upward to the top surface 20, other |ighting configurations nmay be
used with the system and net hod of presegt invention. A high purity

pol yet hyl ene sheet 24 is placed on top surface 20. The pol yet hyl ene sheet
24 and topdstetacfed0aconski pr-ame teRAEINRG RS YieMN&ne6. The operator,
wearing high purity gloves, then places polycrystalline silicon chunks 30
pi ece by ppetegcepsdbabdbiyet Byl eaenskewinkdt onPrrélee madzlsy)r itnde bepicaionindel ect s
the chunks 30 froma single lot) typically in a bag, and arranges the
‘chunks 30 as a fSungtiohagér thacletkamiadidadamensivmss ofo thet dedlicledeach -
other. Wth light table 10 illum nated, digital canera 14 acquires an inage
of chunks @bjeotsti oned on the measuring background 26. As shown in Figure
2, in one enbodinent of the 20 2s invention, camera 14 comuni cates the

di gi taf i mges Blternuakivedyi hahei tnyeqtilcss mey gorprige pegdessortI2If or
anal ysis. The image processqor 32 preferably conprises a conputer 34

execut i ng $ﬁﬁ§%m§r66£s§?ﬁ§°§§ftmare such as, for exanple, |MAGE-PRO

sof tware by Medi bernetics. The acquired chupk i.mages may al so be
communi cat ed too’gh§ PP EEECTi BB Prit?%‘lest W&ﬁq or tnét{’pﬁge(?&nﬁé@t ed
to the inage Brocessort %he enBodinen% shown in Figure 2 shows video

noni tor 16%3s ggba?%}% BACCYF sEPRELDA EﬁFrnage processor 32, , but it
shoul d be understood that inage processor 32 could ~ 7 APR 2~3 WO

001 26446 PC T/ US99/ 74934 10 further conprise video nonitor 16 (i.e., inmages

may be diSﬁkfﬂﬁdDﬁﬁc%%ﬁ?ﬂ6ﬁ°6F3§ﬁgcbﬁh%qN§%th conputer 34). In Figure 2,

vi deo noni eo cassette recorder (VCR) 18
for recording the inages acquired 5 by canera 14 Figures 3-5 show exenpl ary
digital images of chunks provided by different producers of polycrystalline
silicep. As shomighre Fi gises SchembBecPekyer ¥ebakl iiewsbEi 608yehenkgogr €
arranged on neasuring background 26 such that none of 10 the chunks 30
touch an af¢asepinghpslkyctyghilsonecei22coneehbthBuseze) atbepdihgugbnat es

il lum nation background 26. The back-1ighting effect generated thereby
causes t heppofgrrgdtetboditment i cbnthbuhksedBibn. appear as sil houettes 40
agai nst neasuring background 26. 15 Advantageously, and as can be seen in
Figures 3-5, theiguoss? sbetiopahenabacobfeachidhumkewi bhoaesyetad peovvi des
an approxi mation of chunk size. Further, the sharp contrast generated by

t he differeeresubbideral Yeryiatallhoaesiéican ghunkessaei ﬁgCQEgRQGOEﬁdaZG
al l ows_i mage processor 32 to easilg 20 detect chunk edges and conpute the
cross1§ectP%ﬁé&r%ﬁ@%FWHOQ%ﬂﬁH“éHﬂ%k Le| hBUEPEECRO. I n one enbodi ment, inmage
processor 32 defjnes g%bpundiggfbox around._each chunk Eilhguettel40. The

di mensi ons of tFEHTK hpht &F et R har¥r L1BFCTARIRRUAK 30°1BRERY | nage
processor 32 has uted 25 the cross:sectional area of each chunk

si | houet t e*M°° 3@9%‘? %Ce%Js T3 f%?nﬁﬁm her processor or software

package) can defgLde of heln sl zeBRLAYCL £1sBHE01 8] ok OL §XgTRLE. the

image of Type 2 silicon chunks.

20 Figure 5 is an exemplary illustration of a digital
image of Type 3 silicon chunks.
Figure 6 is an exemplary illustration of a digital
image of silicon chunks undergoing analysis by the system of

Figures 1 and 2.



average chunk size, the standard deviation of the size of WO 00r 16446 |
17 ~1"1't 2093 PCT/ US99/ 24934 the chunks, the distribution of chunks as a
function of . chunk size, and other size or shape paraneterg ppRuiggd n

det erm ni ng whi ch chunks to use in charging a Czochral ski silicon growth
process. 5 It should be understood that the method and system of the
present invention may be utilized with other techniques for determ ning or
estimati ng chunk size. For exanple, images taken fromnultiple angles may
be used to determ ne chunk volume rather than chunk cross-sectional area.
It is 10 also possible to use a single inmage and an i mage processor that

i nterpretsFtomtour fdat anoexempeariynfeaphat bdntakt sined dikemibhati onmage t o
determ ne chunk volume or surface area in addition to (or instead of)
Cross-sectédnatonr €aunks 78rbust BRe peshbhketrka aegui bE ahe RGOS Bl a
standard (non 15 digital) canera and thereafter digitize and process the
acquired ig@germbhedrBey6thkl ygbtahesrariguesnl arundi gi.tal image as it is
anal yzed by i mage processor 32. Each chunk is anal yzed and nunbered. As
descri bed aboveridipgespiocensekedg130ydgir-aphl BES thie rekegSoseelfi onal area
of each enunerated chunk as well as corlectlve data relating to all of the

ghunks on @?@@Péi@ﬁy@@&KgéQyﬂéoﬁﬁha$ﬁﬁbezér§UHHE&bé§%ibﬂ% Readuarea, the
standard devi ation, and the size distribution for each of the three 25

types of pobygeystehbliilngesthiigrRN16hUNks shown in Figures 3 5. In the
exanpl e shown in Table I, size distribution is defined as the standard

deviapion_dividﬁg%@yetQeigegnfgggachggtsgggkdi@gugggggeshgw%g%hodtQg& si ze
di stribution may be - 1 7 APR 2003 WO 00/ 2644G PCT/ US99/ 24934 12 defi ned

in terms O&e@éﬂﬁ{nﬁ%ﬁpe}%@r}(&slwﬁak 1$hevn Eﬁuﬁkgg&%e%ﬁ&%rmaft%&ed to

as Type 1 polycrystalline siticon chunks. The chunks shown in Figure 4 are

Type 2 polggga§égﬁéi@g éhéiQHO?fBEBK$- Finally, the chunks shown 5 in

Figure 5 are Type pol ycrystalline silicon chunks.
10 Corresponding reference characters indicate

corresponding parts throughout the drawings.

DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, Figures 1 and 2 show a
system for measuring polycrystalline silicon chunk size for
15 use with a Czochralski single crystal growing process.
According to a typical growth process, a quantity of chunk
polycrystalline silicon, or polysilicon, is charged to a
crucible. A heater surrounding the crucible melts the
charge to form a silicon melt from which a single crystal is
20 pulled. Commonly assigned U.S. Patent Nos. 5,588,993 and
5,814,148 describe suitable methods of preparing a
polycrystalline silicon charge. Once loaded, the crucible
is placed in a crystal growing apparatus, the heater of
which melts the polysilicon to form the silicon melt. A

25 susceptor situated on a movable pedestal associated with the



1'7 AP R 2003 13 TABLE | Type Mean Area, Standard Size InchechguEﬁvgﬂ#ion
Distribution Type 1 7.04/17.88 2.87 0.41 5 Type 2 2.73/6.93 1.'5 .5 ype
3 3.08/ 7. 8v@od@R4ds. 67 I n this exanple, a chunk neasuring syBCEMSH 2495
present invention determ ned the average size of the chunks, the standard
devi ation of the chunks, and the size 10_distribution of the chunks. As
shown in Table | and illustrated in Figu?e 3, Type 1 chunks have a nuch

I . Sl than T 2 T hunk Furt , ' .rated

| P gur 6<CHIGHRLS, CERRS UNEROSHEPRT YAOFBeI CIRFSRbEGh T0BePRISRE Ty e &
hunks h N | e, 15, S| , Jh [ L i but | i

narrower BPOSPRRRS L AURRSE DRGCR Sy DIy hEaEn REs CTRGIEr Fi A8 ROW't S7Fi gur es

7 and 8, d | aj b , KgSi i

genoral| aROPCRGRKAE: DBLar By R BLET BRCP R ot ea ey S e REPpPErCtn choosi ng

the 20 chupkg;hor fbandhpg,a CeENLALEK! a8! Lh3eh Ghenthupitesaride shown

in Figure ?? the size arstribution polycrystalline silicon chunks from

three §Upphh§£slbge9£0£B8d¢§§c§bien9htentaé hBatergssssaelliional ogheg of the
chunks. The size distribution curve 72 of chunks from 25 Supplier 1-Ais

rel ativel YfBE@BrQOWH@%e(}i heathe sbwerdi sruchblieoroturies,74nd76ystenhunks
from 1 7 APR 2003 14 Supplier 1-B and Supplier 2. Thus, the chunks
obt ai ned fpeassupe) i eaffedtar ehei melaingoofheh®ypelysihanks shewgei.n Figure
3 and Table I. On the other hand, the chunks from Supplier 1-B, while
smal | er on averagedebamibhd ehowks Shebsarzeediktaibsupphni F tha still have
a fairly large size distribution when conpared with_the chunks obtai ned
from Suppl pely8ilThenchbukksopiaiyaed BigmisigpniteroieBiar £hei RRLAEATE0 t he
Type 3 chunks shown in Figure 5 and Table I. 10 The horizontal axis of the
gr aph 16howhehavipgupé Theerhargs. t Waigtimbén &Mrpol fEEFSES FPfe silicon
chunks that fit into one square inch (6.45 squg&g centineter.épnzé) odd
nunber ed sbpesihiégbli 6§, dAFIECPELBREeRTt BLRETHIORS SGF SsPPESBTASS FoY

l e, all chunks havi i | houetted. 9 bet ;
“hchos. (0 &he' £36To LAFEEec P IePyFoard CEEIRHEI T EREoRe AR e Fhon
6.45 cn?) hin. Simlarly. all, chunks hayi ' t t t
(S o Py S B ki B B R Bl L AR RS, o4yl Bpoliet neen L vo
nch (19 cgfbin, [ALE BLACEIBuLE €BNH RS 22 withlrlhe aiedngf cabl of the

chunks are
15 growth process. According to the present invention, the

system of Figures 1 and 2 facilitates a new method for
determining an average size and size distribution of the
polycrystalline chunks. This method is less time consuming
and is amenable to a more detailed data analysis than
20 conventional techniques. Further, this size information may
be used to optimize the choice of polycrystalline silicon
for use in charging a Czochralski growth process.
The system of the present invention includes a portable
light table 10 with an adjustable arm 12, a digital camera
25 14, and a video monitor 16. The digital camera 14 is
attached to the adjustable arm 12 of the light table 10 at a
horizontal position X and a vertical position Y. Since arm

12 is adjustable, an operator can vary the X and/or Y



The nunber of chunks falling into each odd nunbered size bin 102 AF‘W?

divided by the total nunber of chunks to determ ne the fracti of %%

total pl ac@¥PP¥2648f gi ven bin. The fraction data is plottedPFBUSEH43bdd

nunbered bin and 25 then a curve is fit to the data as shown in Figure 7.

" For ' exanple, distribution curve 74 refbects t he size 1 ? APR 2L193 15
distribution for polycrystalline silicon”chunks from supplier 1-B. As shown

- by curve ThossLight! ¥el eanethans 20 Rer ceRbmb@:2dN10f o g%,fgﬁtegﬁgﬁpws from

supplier 1-B were counted 1n the five square inc n other S

words, 20 peggentaBieahl eBMpkssbLom suBPLkiueEateBoliad acmeasured
sil houetted area between four and six square inches. Figure 8 illustrates a

statisticallbenehhteaf bysanlighe bbegest cbnvankborererdetets g ghunk size
data. As 10 expl ained above, 1t is normally desirable to grow single

crystal sililtomihavieg bbergeeat R¥thoagh disheeabi dapliengt hhpodsghte.
Figure 8 depicts predicted crystal gromh perfornmance, in terns of zero

di sl ocati osoliengt 22 as a ligkti bhavf shoheer ypwalrldi he shki cop shufikckot .
Referring 15 first to the horizontal axis of Figure 8 H 1 through H4 are
four diffe2entotbes digpoipgrgsnéigunetsphscoayf bemuSegphieh 2heM A is a

|l ot fromsupplier 1-A, and MBis a lot fromsupplier 1-B. The vertical
axi s refl eBYStepredndt ®gtBpgsehl PHeaenh pavestaance ™ hAIBSPPEEEENt error
bars. For 20_exanple, roughly 90 percent (the mddle of the error bar) of
singl e cryBPhYetRGLEREGFBRAL f#Hni BoPYEF§St I FAR 8RFER6R éRunkEP®rom | ots
havi ng t he Sane chgracteéisti wth zero

cs as_lot H1 ul d_be grown
di sl ocat i oRSIYSHRY §8N5eFRERE %?r%?dbﬁ?g ?BF%%EFszphEggFEPFQFFCQI confi dence
of th?Oper%gggggfggzga8£§9£&ﬁéOgg1 T%e7oégﬁé 89? %ggring high purity

gloves, then places polycrystalline silicon chunks 30 piece
by piece onto polyethylene sheet 24. Preferably, the
operator selects the chunks 30 from a single lot, typically
in a bag, and arranges the chunks 30 in a single layer such

15 that adjacent chunks do not touch each other. With light
table 10 illuminated, digital camera 14 acquires an image of
chunks 30 positioned on the measuring background 26.

As shown in Figure 2, in one embodiment of the

invention, camera 14 communicates the digital images of

20 chunks 30 that it acquires to an image processor 32 for
analysis. The image processor 32 preferably comprises a
computer 34 executing image processing software such as, for
example, IMAGE-PRO® software by Media Cybernetics. The
acquired chunk images may also be communicated to a separate

25 video monitor that may or may not be connected to the image
processor. The embodiment shown in Figure 2 shows video
monitor 16 as separate and distinct from image processor 32,

but it should be understood that image processor 32 could



A substantial overlap in the 95 percent error bars between sugpj iNeRS2083
indicates that, as a statistical matter, the differences between |ots nmay
not be obseM@e)/Z6ddét er ns of the zero dislocation | ength of tRETASAYR4934 ngl e
crystal 5 ingots produced. Data fromnmultiple lots and frommnultiple
suppliers can be gathered so that optinunhgolycrystalline silicon chunk
size information may be determ ned. This formation is helpful in

+ por usao) 24655 BFFoPe P Paee, mReS B ik nas BT Reani . 1o
of ol yor yshabbhogesl bhognniblLobeadispanded. \Seeondneand.equsl !y o

i nportant, WS users to di'scar ine’silicon that

Wil Likel yrREREUCS POSked AUALELY ENGLC 2GkS RnrRlddeen, thig 4B hod for

determning the size and size distribution of polycrystalline silicon

chunks hol déagisé%EECEeéQi‘éEEaWER?V?é $%hS el G BARU LBITR N nalr N Al BT eaThe

met hod |l ends itself to making use of all the analytical 10 tools that are
avai | abbe whi-hchftege paocessing software (e. g., | MAGE-PRO Software) for
the data anal ysis. Advantageously, the present invention provides
measurements of BRigange BfSpahewekgesplBehudingtaleiageed afet@unkperi meter
size, surface area, aspect ratio, and the size 15 distribution of the
chunks. RefprovihdedobytdiFEguert9praduormecbifopodivtiryBicglldnel saddcdn.in
operation the invention conprises a nethod for determ ning polycrystalline
chunk size hersbhangingFagareshBabskiher pollgkrysowniligner scddsonOedupksnor e
20 polycrystalline chunks 30 are arranged on neasuring background 26 so as
to produce akeiangengedtpasrepsunird paryorpundl REnsuchuket3nomedof

measuring background 25. Canera 14 generates an i mage of polycrystalline
chunks 180. The ganeka: 3@ Fauge B e8upFeBEJCBRNK.pl hightt FOUECRi X8l see 25

each pixel has a value representative of an optical characteristic of the
generated i %BFeF%L Q%ﬂp%ﬁfuTﬁEaﬁﬁ?i&iFu@ﬁﬁ 5de8r PeckgrrEpdnéca gi

scal e Valuebaéﬂggfghting effect generated thereby causes the

polycrystalline silicon chunks 30 to appear as silhouettes
40 against measuring background 26.

15 Advantageously, and as can be seen in Figures 3-5, the
cross-sectional area of each chunk silhouette 40 provides an
approximation of chunk size. Further, the sharp contrast
generated by the difference between chunk silhouettes 40 and
measuring background 26 allows image processor 32 to easily

20 detect chunk edges and compute the cross-sectional area of
each chunk silhouette 40. 1In one embodiment, image
processor 32 defines a bounding box around each chunk
silhouette 40. The dimensions of the box approximate the
area of the chunk 30. Once image processor 32 has computed

25 the cross-sectional area of each chunk silhouette 40, image
processor 32 (or another processor or software package) can
determine other size parameters such as, for example, the

average chunk size, the standard deviation of the size of



processor 32 processes the generated i mage as a function of X\? X%é&%%
17 1 7 ApR 2Q03 PGI/ US99/ 24934 the pi xel values to detect edge

i mage. | mad¥0 P¥I$d4ssor 32 groups the detected edges to defi RETBHEYMBhor e
objects in the image correspondi ng to polycrystalline chunks 30. I|nmage

" processor 32 then determ nes a di mension of each 5 defined object. Finally,
i mage processor 32 deternines a size parbheter associated with

pol ycrystal | i ne chunks 30 as a function of the determ ned di nensions of the
" defined obfheceBunkshetlpzdigsributdom@f Aunda ag 2 furdrimn iah 10

xel ating to_individual | ycrystal line chynks 30 and/or all of .the

pol ycryst aFRHA Ehﬁﬁksagg QFF"éﬁgédz@n% A ZAEHSFF PSEE R IR exanpl e,

ar ca,  por| AELBFReR3 B0 MBRGE: TTARRG, Lo sty PG ARG aAPRFaIak

pol ycrystal L.t ne chunk . Alternatively, the size paraneter nmay be a
neasurenenFlFﬁSPEagfsgggfpfﬁgegﬁérage di aneter or size distribution of all

of thespol yerysiel Ling ahuakyAQ.Rerng analvasd <Thedr SSente sneon my

be used to the advantage o crystalline silicon suppli‘ers as well as

single cryehal pkBgohe TRAYLACL UhChay BY YEILA WAR rSIdHHEan cauRlilfls can
F uXe c

use the present I nvention to pro packages of polycrystalline silicon

chunks havipg hBBeepRshifdgsbrabkeighzgnghdhRekelsliSll CS FR &adipi@) customer.
Single crystal 25 ingot manufacturers Can use the present invéntion to

optim ze thrageystakedr evbh PLLEEHIebUNnGhRIOmAg ble usedC ftialdstie riiilnieCON
grow h process with polycrystalline chunks having ideal or near ideal size
char act eri shuak. voliméd ApEhaf08h¥® @0L2AGA46GoBETEE529624934xk3 .| NIvi daw of
the above, it will be seen that the several objects of the invention are
achi eM@d aatlsot hessadVantagesasar ssnpfle atbgenadd As iarigeuprokasges coul d
be made in the above 5 constructions and net hods w thout departing fromthe
scope of thbatnimberpnetstcostionredded vravther Anfoemacdornaiobsdingdt he
above description or shown in the acconpanying draw ngs shall be .
i nterpretefra® thibsimageveoadatasning ghuni VPAgmgepge surface: area in
addition to (or instead of) cross-sectional area. It is
further possible to acquire an image with a standard (non-
15 digital) camera and thereafter digitize and process the
acquired image.
Figure 6 illustrates an exemplary digital image as it
is analyzed by image processor 32. Each chunk is analyzed
and numbered. As described above, image processor 32
20 determines the cross-sectional area of each enumerated chunk
as well as collective data relating to all of the chunks on
measuring background 26.
Table I summarizes the mean area, the standard
deviation, and the size distribution for each of the three
25 types of polycrystalline silicon chunks shown in Figures 3-
5. In the example shown in Table I, size distribution is

defined as the standard deviation divided by the mean area.

It should be noted, however, that size distribution may be



WO 00/ 26446 19 CLAIMS WHAT IS CLAIMED IS: 1 7 APR 2003 PCT/ US99/ 24934 1. A
nmet hod for determ ning polycrystalline silicon chunk size for use with a
Czochral ski silicon grow ng process, said nmethod conprising the apgaagof:
-' arrangi ng one or nore polycrystalline silicon chunks on 5 a neasuring
backgr oundwaosmizédseeasuri ng background provi di ng i mage cont r BT/ UBW2AR¥N t he
polycrystalline silicon chunks and the neasuring background; generating an
i mge. of the polycrystalline silicon chunks on the neasuring background
with a canera, said inmage 10 having a plygality of pixels, each pixel
havi ng a val ue representative of an optical characteristic of the generated
| mge; ProgesIkid Lhe LeFREe oFS AL QAN dfcd he ld eniildiahdih dit ect
edges in the inage; 15 grouping the detected edges to define one or nore
obj ects i npibRreMIareOkeeereRdl RS & MRHPA WM Al ddNE iSid 16a8 GHINKS;
~determ ning a dinension of each defined object; and determ ning a size -
paraneter afsekisat edhel chunke 200021 Vel FSiaidd ne Hid | c¢hunks on the
measuri ng background as a function of the determ ned di nensions of the ,
defined obpodgrsyst2llihe sefiiednofchnirdkisn 1 Rirexldiyn, tthe dlskzarsheter i's a
measur enent indicative of at |east one of the foll ow ng:

5 in Figure 5 are Type 3 polycrystalline silicon chunks.
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Od 2G-6 20 PCTI CS99i 14) 34 ~, n average diameter of the polycrystalline
sili.Gn chunks: 5 a perimeter size of each polycrystallineldi APR@M3chunk:
a surface area of each pol ycrysta7.line silicon chun)t; are aspect ratio of
each polycrystalline silicon chunk; a cxosg-sectional area of each
pclycxystalline silicon chunk; or U a di*ze distribution of the

pol ycrystal J.ine silicon chunks. 3. The nethod of claim1l wherein the
measuri ng background is translucent a#BUEwrk her conprising the step of

| l um nating the neasux~.ng background to provide an increased i mge

contrast hetween the polycryst. . allix~e silicon S chunko arid the neasuring

background. 4. Theg et hod ofyLl,aixpds Wher ei nsgglﬁdgfaangl ng step further

conpri ses plac~.ng oaeh of the-RAXYERYStal 7oz yig Sion | - COBiGEURKS ;a0 the
measur i ng -backgroune None

chunk, 5) The Qygichdd of cl ai ma’l/lmmaal n th cameval S ad vgiot. z.ll rrera
and t he generated image is a di gl tal imags. AMENDED SHEET . A
SA 5. AFO. A L, TKSSAR Af . A Bs73A6.88. A 1.52 0.54
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chunks. The size distribution curve 72 of chunks from
25 Supplier 1-A is relatively flat compared to the size

distribution curves 74, 76 of chunks from
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Figure 3 and Table I. On the other hand, the chunks from

Supplier 1-B, while smaller on average than the chunks

obtained from Supplier 1-A, still have a fairly large size

distribution when compared with the chunks obtained from

Supplier 2. The chunks obtained
from Supplier 1-B are similar to the Type 3 chunks shown in

Figure 5 and Table I.

The horizontal axis of the graph shown in Figure 7
reflects the number of polycrystalline silicon chunks that
fit into + one square inch (6.45 square centimeter (cm?)) odd
numbered size categories, also referred to as bins or size
bins. For example, all chunks having silhouetted areas
between zero and two square inches (0 and 13 cm?,
respectively) are counted in the one square inch (6.45 cm?)
bin. Similarly, all chunks having silhouetted areas between
two (13 cm?)and four square inches (26 cm?)are counted in the
three square inch (19 cm®)bin. This process is continued
until the area of all of the chunks are counted.

The number of chunks falling into each odd numbered
size bin is then divided by the total numbexr of chunks to
determine the fraction of the total placed in any given bin.
The fraction data is plotted for each odd numbered bin and
then a curve is fit to the data as shown in Figure 7. For

example, distribution curve 74 reflects the size
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counted in the five square inch bin (32 cm?) . 1In other
5 words, 20 percent of all chunks from supplier 1-B had a
measured silhouetted area between four and six square
inches.
Figure 8 illustrates a statistical benefit of using the
present invention to determine chunk size data. As
10 explained above, it is normally desirable to grow single
crystal silicon having the greatest zero dislocation length
possible. Figure 8 depicts predicted crystal growth
performance, in terms of zero dislocation length, as a
function of polycrystalline silicon chunk lot. Referring
15 first to the horizontal axis of Figure 8, H-1 through H-4
are four different lots of polycrystalline silicon from
Supplier 2. M-A is a lot from supplier 1-A, and M-B is a
lot from supplier 1-B. The vertical axis reflects predicted
crystal growth performance with 95 percent error bars. For
20 example, roughly 90 percent (the middle of the error bar) of
single crystal ingots grown from polycrystalline silicon
chunks from lots having the same characteristics as lot H-1
would be grown with zero dislocations. The 95 percent error

bars reflects the statistical confidence of the performance

25 predictions.
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10g! 4f 10%1%&2@1503%11%%0%496&{ length of the final single crystal

5 ingots produced. Data from multiple lots and from multiple
suppliers can be gathered so that optimum polycrystalline

silicon chunk size information may be determined. This

information is helpful in eliminating at least two typesof
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This method for determlnlng the size and size
distribution of polycrystalline silicon chunks holds
distinct advantages over existing measurement techniques.
The method lends itself to making use of all the analytical

10 tools that are available with image processing software
(e.g., IMAGE-PRO® Software) for the data analysis.
Advantageously, the present invention provides measurements
of a range of parameters including average diameter,
perimeter size, surface area, aspect ratio, and the size

15 distribution of the chunks.

Referring now to Figure 9 in connection with Figures 1
and 2, in operation the invention comprises a method for
determining polycrystalline chunk size for charging a
Czochralski crystal growing process. One or more

20  polycrystalline chunks 30 are arranged on measuring
background 26 so as to produce an image contrast between
polycrystalline chunks 30 and measuring background 26.
Camera 14 generates an image of polycrystalline chunks 30.
The generated image is comprised of a plurality of pixels;

25 each pixel has a value representative of an optical
characteristic of the generated image. For example, the
optical characteristic may be a gray scale value. Image

processor 32 processes the generated image as a function of
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30. Image processor 32 then determines a dimension of each

5 defined object. Finally, image processor 32 determines a
size parameter associated with polycrystalline chunks 30 as
a function of the determined dimensions of the defined
objects.

The size parameter may reflect size information

10 relating to individual polycrystalline chunks 30 and/or all
of the polycrystalline chunks 30 arranged on measuring
background 26. For example, the size parameter may be a
measurement indicative of the cross-sectional area,
perimeter size, aspect ratio, or surface area of each

15 polycrystalline chunk 30. Alternatively, the size parameter
may be a measurement indicative of the average diameter or
size distribution of all of the polycrystalline chunks 30
being analyzed.

The present invention may be used to the advantage of

20 polycrystalline silicon suppliers as well as single crystal
ingot manufacturers. Polycrystalline silicon suppliers can
use the present invention to produce packages of
polycrystalline silicon chunks having the most desirable
size characteristics for a given customer. Single crystal

25 ingot manufacturers can use the present invention to
optimize the crystal growth process by charging the
Czochralski silicon growth process with polycrystalline

chunks having ideal or near ideal size characteristics.
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results attained.
As various changes could be made in the above
5 constructions and methods without departing from the scope
of the invention, it is intended that all matter contained
in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a

limiting sense.
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process, said method comprising the steps of:
arranging one or more polycrystalline silicon chunks on

5 a measuring background, said measuring background providing
image contrast between the polycrystalline silicon chunks
and the measuring background;

generating an image of the polycrystalline silicon
chunks on the measuring background with a camera, said image

10 having a plurality of pixels, each pixel having a value
representative of an optical characteristic of the generated
image;

processing the image as a function of the pixel values
to detect edges in the image;

15 grouping the detected edges to define one or more
objects in the image corresponding to the polycrystalline
silicon chunks;

determining_a dimension of each defined object; and
determining a size parameter associated with the

20 polycrystalline silicon chunks on the measuring background

as a function of the determined dimensions of the defined

objects.

2. The method of claim 1 wherein the size parameter is

a measurement indicative of at least one of the following:
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an aspect ratio of each polycrystalline silicon chunk:
a cross-sectional area of each polycrystalline silicon

chunk; or

10 a size distribution of the polycrystalline silicon

chunks.

3. The method of claim 1 wherein the measuring
background is translucent and further comprising the step of
illuminating the measuxring background to provide an
increased image contrast bestween the polycrystallins silicon

5 chunks and the measuring background.

4. The method of claim 1 wherein the arranging step
further comprises placing each of the polycrystalline
gilicon chunkas on the measuring background such that none of

the chunks contacts an adjacent chunk,

5. The method of claim 1 wherein the camera ig a

digital camera and the generated image is a digital image.
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