METHODS AND SYSTEMS FOR REMOVI NG CONTAM NANTS FROM A W RE OF A SAW CRCSS
REFERENCE [ 0001] This application clainms priority to U S. Provi sional
Appl i cat iwo 2biB/026454524, 981 fil ed on August 18, 2011, thecenB2ngoshiesc! osure
of which is hereby incorporated by reference in its entirety. FIELD

[0002] The field relates generally to the renoval of contam nants from a
wire of a saw for slicing sem conductor or solar material into wafers, and
nore specifically to using ultrasonic alg}tati on to renove contam nants from

the wire. BACKGROUND METHODSOAND SRS EEMS EQR REMQ¥INGonduct ors and sol ar
cells are typically cUONHAMINANTFeFBOMA SviRIh OMyNAWade of silicon,
sapphire, germaniumor the like. The wire saw cuts the ingot by contacting
the ingot with a wire covered in abrasive slurry. The abrasive slurry is
typi cal | YCRORPREFHRENCE fine abrasive, such as silicon carbide (SiC) or an
i ndustrial dianond suspended in a |iquid suspension nmedi um [0004] In
oper ation, thgoomgathis gptivitidayclaipplpyiorigy fodl.SePiovisidal Wpplécation Noess the wire
agai nst t i ngot he abrasive sluyrry is drawn in between the wire and the
i ngot andﬂ? pﬁeﬁls%%é@gu%tﬁé, %Q%g}oﬁlegﬁarer%%wge?'%@%&rhﬁr?}%s, chips, or
shavi ngs iﬁ%}g&%&ﬁib&%ﬁérern%@ﬁ{{ft%htfr&y.as "swarf') fromthe ingot. The fine

ar

particles carried away fromthe interface of the wire and the ingot by
the abrasive slurry. The particles are thereby m xed with the slurry.
Event ual Lly[ bhe concentration of swarf in the slurry increases to a point
where th g]‘urry is no longer effective. The slurry is either processed to

renove the swaqndoXITHifD&MAes generally to the removal of contaminants from a wire of
a saw for slicing semiconductor or solar material into wafers, and more specifically to

using ultrasonic agitation to remove contaminants from the wire.

BACKGROUND

[0003] Wafers used for semiconductors and solar cells are typically cut with a
wire saw from an ingot made of silicon, sapphire, germanium or the like. The wire saw
cuts the ingot by contacting the ingot with a wire covered in abrasive slurry. The
abrasive slurry is typically comprised of a fine abrasive, such as silicon carbide (SiC) or

an industrial diamond suspended in a liquid suspension medium.

[0004] In operation, the ingot is cut by applying force to the wire to press the
wire against the ingot. The abrasive slurry is drawn in between the wire and the ingot
and thereby abrades the ingot and removes fine particles, chips, or shavings
(collectively referred to as “swarf”) from the ingot. The fine particles are carried away
from the interface of the wire and the ingot by the abrasive slurry. The particles are
thereby mixed with the slurry. Eventually, the concentration of swarf in the slurry
increases to a point where the slurry is no longer effective. The slurry is either

processed to remove the swarf or disposed.

[0005] Some wire saws use a wire coated with industrial diamonds to cut the
ingot into wafers. These saws do not require the use of abrasive slurry. A liquid is used
to cool the wire during operation of the saw. The diamond-coated wire used in these

systems is many times more expensive than the wire used in other previous systems.



[ 0005] Sone wire saws use a wire coated with industrial dianmonds to cut the
ingot into wafers. These saws do not require the use of abrasive slurry. A
l'iquid i swosess/eesseool the wire during,operation of thePsauB20Tes4168

di anond-coated wire used in these systems is many tinmes nore expensive than
the wire used in other previous systens. During use, the wre becones
coated with swarf and/or other contam nants. This coating reduces the
efficacy of the wire and thus increases the anmount of tine required to cut
t he i ngotDyriigisgethe marediegomprcostasutith sy arhppdorefber qogtapypanthd hishgot .
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Backgr ourd csetht mgmt imso wafeemdetthe ambnhiraforiceudet éo cealkeingdo Acasrdogty, aspect s

of art that. eI ated to varjous .aspects of the present disclosure,
ohi oh ar GuBEabRHEh G SR oD Bhne fhy ok RSPG e Sempaded to be
hel pful iR.REMILL RSdhe reader with background information to facilitate a
better understanding of the various aspects of the present disclosure.
Accordingly, i I t re. be read
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[ 0007] A afspascsst oﬁmﬂﬁaﬁmmbareﬁzyed mmahons sHptetasdthcpatseyt dibdasure) gvhostearor nor e

Wi res of w for ] conduct or sol erial. jnto
waf ers. ﬂ??é 3@8 Fﬁ]é}"’ﬂﬁﬂjlel? 1% ISSYHion 13 P%lwge%@ebe%&ﬁﬁ (nseVidings
sonot r odgy, Eaaemmmgﬁ)uha ﬁ@ﬁh&i&r{s@aﬂ%ﬁ%&t& ShRPGarfind B ife Of the

wires. The systemalso includes a tank for delivering a fl'ow of liquid to
cont act t%eos@mwt@détharpdesomaimﬂosrm e\cocbrdut@y wi shesld bEhmdtmtvoditlsatposi t i oned

on the o OSI he wi.res fr mthe sonptraode. The ultrasonic
P r ansducabosishtguRinbe Gl it W S a PR R PR et £ at i ons i n
the liquid for rem)val of contam nants froma surface of one or nore of the

W res. |_‘[00 8] A_second aspect is another systemfor ultrasonically
cl eani ng RINEFY AR¥ires of a wire saw for slicing sem conductor or solar

material into B@(ﬁ TS firs g'&ﬁ)e 1§ta%g}tbl’ﬂ% ﬁﬁso%?caﬁk%‘[eﬁﬁﬁ@'oﬁe bF fH3% dﬁd\‘:&ﬁﬁ

connected to otro temalso I nc sonotro
adj acent atwiresm;v ﬁrr shioihg s&hwbh@MﬂcﬁSolaﬂ'hﬁt@i@th odierp(Tat gyas ua:rh;dmpeni ng

t hat expose t he. so rode to one or m)r the wires. The tem further
i ncl udes @ 4 %WW&F%@%@W&@%WWGHP &a.sanqt@deaw%s&tonp éﬁ 651t r ode

and one qp oHRLEmBEe dffe %&?%heggﬁeﬁ@l’% ihSuBQS hhiOREdcRlkr rg% @ee si de of
the wires as the sonotrode he ultrasonic transduc is configured
to vi br atleuiht doofaat tha\ssomquo asd bme ¢thmotei o mlnedwfrgsr Tihh éankespesatiorstl on
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configured to vibrate the sonotrode and form cavitations in the liquid for removal of

contaminants from a surface of one or more of the wires.

[0008] A second aspect is another system for ultrasonically cleaning one or
more wires of a wire saw for slicing semiconductor or solar material into wafers. The
system includes an ultrasonic transducer connected to a sonotrode. The system also
includes a sonotrode plate adjacent to one or more of the wires. The sonotrode plate has
an opening that exposes the sonotrode to one or more of the wires. The system further
includes a tank for delivering a flow of liquid to contact the sonotrode and one or more
of the wires. The tank is positioned on the same side of the wires as the sonotrode plate.
The ultrasonic transducer is configured to vibrate and form cavitations in the liquid for

the removal of contaminants from a surface of one or more of the wires.



[ 0009] Anot her aspect is a nethod for ultrasonically cleaning one or nore
wires of a wre saw for slicing sem conductor or solar material into

waf ers. TWe anethotbii ncl udes ultrasonicglly agitating a PCguBzhiz/nsdaent act
with one or nore of the wires to cause cavitation in the liquid. The nethod
al so includes cleaning one or nore of the wres by renoval of contam nants
deposited on one or nore of the wires using the cavitations in the |iquid.

[ 0010] Various refinenments exist of the features noted in relation to the
above- nent i ond80&Ygwother agppct warmetbed fiyr akirasayicallsdeding MRCATIBIISTEEFSi n t he

above- menjd, ng;? %@%E&nﬁerﬁf%ﬁduci@? ngﬁolﬁxe&h{%ﬁgﬁﬂ{o%%% #Midithgpal features

may exi st i n any conbination I nstance, vari ous
features 1dcls¢uaﬂeﬂoh&hby\faglratmg Iaéiqhtﬂmntconmntywmm ohder mbteudthicatads ®nbodi nent s
may be incorporated .into.an f t bovegﬁs&rlbed as ects, alone or in
any combiSHG Gt ifh alypipno gsng ond or PO i gure 1 s
a per Spe%l'ré/seo ﬂeﬁleélfof%oM‘ﬂaﬁl?na%%VHe%BQte% ook S hnioRE oPﬂh@%fe@%sﬁﬁgrﬂ?é used in

t he saw. Figure 2 is a side view of the wre saw and System of

Fi gure 1cama1mp1ﬂ:thgqueld3 is a perspective view of an inner assenbly of the
system for cleaning wires of Figure 1.

[0010] Various refinements exist of the features noted in relation to the above-
mentioned aspects. Further features may also be incorporated in the above-mentioned
aspects as well. These refinements and additional features may exist individually or in
any combination. For instance, various features discussed below in relation to any of
the illustrated embodiments may be incorporated into any of the above-described

aspects, alone or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 is a perspective view of a wire saw and a system for cleaning

wires used in the saw.
[0012] Figure 2 is a side view of the wire saw and system of Figure 1.

[0013] Figure 3 is a perspective view of an inner assembly of the system for

cleaning wires of Figure 1.

[0014] Figure 4 is a perspective view of an outer assembly of the system for

cleaning wires of Figure 1.

[0015] Figure 5 is an enlarged, exploded perspective view of the inner assembly

of Figure 3.
[0016] Figure 6 is an enlarged perspective of the inner assembly of Figure 3.

[0017] Figure 7 is an exploded, enlarged perspective view of the outer assembly

of Figure 4.

[0018] Figure 8 is an enlarged perspective view of the outer assembly of Figure



[0014] Figure 4 is a perspective view of an outer assenbly of the system
for cleaning wires of Figure 1. [0015] Figure 5 is an enl arged,

expl oded wenspertiste view of the inner, assenbly of Fi gupeTaB2012046§8 Fi gure
6 is an enl arged perspective of the inner assenbly of Figure 3.

[0017] Figure 7 is an expl oded, enlarged perspective view of the outer
assenbly of Figure 4. [0018] Figure 8 is an enl arged perspective view of
the outer assenbly of Figure . .[0019] Figure 9 is a perspective view
of anot her ent88]Hdigurep 152 peisRecEiygvisHHOTANg st BRPPHMCE! Afnyviig SaW pE used in

the saw. , system for cleaning wires used in the saw.

[0020] Figure 10 is a side view of the system of Figure 9.
[0021] Figure 11 is an end view of the system of Figure 9.

[0022] Figure 12 is a partially schematic view of yet another embodiment of a

system for cleaning wires used in a wire saw.

[0023] Figure 13 is a perspective view of another embodiment of a system for

cleaning wires used in a wire saw.

[0024] Figure 14 is an enlarged view of a portion of a diamond-coated with

contaminants deposited on its surface.
[0025] Figure 15 is an enlarged view of a portion of the wire of Figure 14.

[0026] Figure 16 is an enlarged view of the portion of the wire of Figures 14

and 15after the wire has been cleaned by one of the systems of Figures 1-13.

[0027] Figure 17 is a graph showing the total thickness variation for the
surfaces of wafers cut using the prior system and wafers cut using the systems of

Figures 1-13.

[0028] Figure 18 is a perspective view of another embodiment of a system for

cleaning wires used in a wire saw.
[0029] Figure 19 is an enlarged view of the outer assembly of Figure 18.

[0030] Like reference symbols in the various figures indicate like elements.

DETAILED DESCRIPTION

[0031] The embodiments described herein are generally directed to systems and
methods of using ultrasonic energy to clean cutting wires. For example, the
embodiments described herein may be used to clean wires used in semiconductor or
solar (e.g., silicon, silicon-germanium, germanium, sapphire, etc.) wafer slicing (i.c.,

cutting) processes. According to the example embodiment, these wires are coated with



[0020] Figure 10 is a side view of the systemof Figure 9. [0021] Figure 11
Is an end view of the systemof Figure 9. [0022] Figure 12 is a
partial | ywechsmatdise view of yet anotheg enbodi nent of apreyasmme/Hamesc| eani ng
wires used in a wre saw. [0023] "Figure 13 is a perspective view of
anot her enbodi nent of a systemfor cleaning wires used in a wre saw.

[0024] Figure 14 is an enlarged view of a portion of a dianond-coated with
cont am nant s dep05|ted on its surface. 0025 Fi ure 15 is an enlarged view
of a por i@t digmongs @thgy W%@m@n@@”hl ¢ not elelmt fleseribest eraig, may an

enl ar ged c‘f LaW; L eﬁbﬂ%&% iR RlyifdGs 15?111‘1’%5 '&M{n%ipr%ges?égd 15after the wire

has been c eane of the systens I gures [ 0027] Figure
L L2 5.9 B0 IO A e 0oL OGRS KT o RS
Fi gures lyitSsaws. These wire saws are used to slice larger pieces of sermconductor or solar

material (e.g., semiconductor or solar material ingots) into smaller pieces of material

(e.g., wafers). Prior to initiation of the wire slicing operation, the diamond-coated wires

of the wire saw are substantially free from contamination. In prior systems, these wires

become coated with swarf or other contaminants during cutting of the semiconductor or

solar material. The terms “contaminants” and “swarf” are used interchangeably herein

and the usage of one does not exclude the other.

[0033] The coating of swarf or other contaminants from the semiconductor or
solar material and/or wires reduces the efficacy of the diamond-coated wires in at least
two ways. First, the coating increases the coefficient of friction of the wire, thus
increasing the amount of force required to pull the wires through the ingot. Second, the
coating also smoothes the previously rough, abrasive surface of the diamond-coated
wires such that their ability to cut the semiconductor is significantly reduced. Prior
systems attempted to combat the buildup of swarf on the wires by adding a surfactant to
a liquid used to cool the wires and the semiconductor. The use of this surfactant,

however, has failed to reduce the concentration of swarf coating to an acceptable level.

[0034] The systems described herein use an ultrasonic cleaning system to
remove swarf from the diamond-coated wires. In these embodiments, the diamonds are
adhered to the wires according to any suitable method. In a first example embodiment,
an ultrasonic cleaning system shown in Figures 1-8 and designated generally at 100 is
disclosed, which is operable to clean the wires 102 of a wire saw 104 while the wires
are disposed in the saw. In a second embodiment shown in Figures 9-11 and designated
generally at 500, multiple ultrasonic cleaning systems 502 are used to clean the wires
102 of another type of wire saw 504. In this embodiment, the system 500 is operable to
clean the wires 102 while the wires are disposed in the saw 504. In a third example
embodiment shown in Figure 12 and indicated generally at 600 an ultrasonic cleaning
system is disclosed which is operable to clean wires 102 while they are not disposed in

a saw. In a fourth embodiment shown in Figure 14 and indicated generally at 700, an



[0028] Figure 18 is a perspective view of another enbodi nent of a system
for cleaning wires used in a wire saw. [0029] Figure 19 is an enlarged view
of the ouwvernomsmesmwly of Figure 18. [0Q30] Like refereneerapmhobsiién the
various figures indicate |like elenments. DETAI LED DESCRI PTI ON [ 0031]
The enbodi nents described herein are generally directed to systens and

nmet hods of using ultrasonic energy to clean cutting wires. For exanple, the
enbodi ments descri bed herein may be used to clean wires used in

seni condutgenisrsysiemai00samiar to ghat o the sysiem; G08rs wed i sicamfhegeFspal®um
sapphire, I Ci | | I ; ing to the
exanpl e eprgﬁ%g(? %r%dz?{a%{eﬁglge&l\%m&%ééwgﬁgd %Igd;%%d W '?E fﬁﬁﬁ%%@%}'ilgﬁqﬁﬁmnds. O her
enbodi meninshodwhértehavet irekighfes il € layd deand déséghateergenaallyray 1 @l0e atrlcaht bhier ent

types of wires.or wires used in different. cutti roces o [ 0032]
The embodiFRRPE (radite elgmys pegddoclaen he W%ff@{}?aevgﬁ?wiﬁ whietheysed in

Wi re sawsyirdes8isWhdcg iRl € used to slice larger pieces of sem conductor
or solar material (e.g., semconductor or solar material ingots) into

smal ler pi eCGS[O@iS]'W‘f%%% enéEndly to 8 §t%}nboﬁ’fnit1e‘?1;i ﬁﬁo%dﬁiﬁi'{f}feé PR gf the wire

slicing operation, I anond- coated wires o e Wre Saw aré
subst ant isgbtein f0Oefer flcaringantchrtDhaf ivaks 10ugediion waesdaeni)4 it iBskess. ies becone

coated with swarf or other contam nants during cutting of the. sem conductor
or sol ar thléte@hogm}e%ﬁ ¢ Wéﬁeﬁﬁw'i%wmlmfrﬂns%mmﬁug%?ffSo?aéﬁ@twialgot

I nt er changgakltys Belgh @ WntbEwHRE ARGV REs MREFHRRIMPRLN BelitddBod HEmOt her .

arrow shown in Fig. 1. Only one wire 102 of the web 101 is numbered for brevity,
however the web may include a plurality of wires 102 that extend substantially parallel
to one another (Fig. 1). The saw 104 has a frame 106 with three wire guides 108
attached to the frame. In this embodiment, the wire 102 is continuous and has a first
end attached to a first spool and a second end attached to a second spool, both of which
are not shown. Wire 102 may be wrapped one or more times around wire guides 108
creating a series of parallel cutting surfaces of the wire. The first and second spools are
connected to suitable drive sources that are operable to rotate the first and second
spools to pull the wire 102 along the wire guides 108. In some embodiments, a plurality

of discrete wires are positioned around the wires guides 108.

[0036] The wire guides 108 are configured to maintain a set spacing between
the wires 102 of the web 101. This spacing corresponds to a desired thickness of wafers
sliced from the semiconductor or solar material. The wire guides 108 may have grooves
(not shown) or other similar features formed on their outer surfaces to maintain this
spacing between the wires 102 of the web 101. The wire guides 108 may also be
movable to adjust the spacing between each wire guide to adjust the tension on the

wires 102 of the web 101.

[0037] In this embodiment, the system 100 includes an inner portion 200 and an
outer portion 300 connected together by any suitable fastening system. As best seen in
Figures 3, 5, and 6, the inner portion 200 contains a tank 202 for holding liquid (e.g.,
coolant), a back plate 204, and a front plate 206. In the exemplary embodiment, the

tank 202 is a five-sided structure and has an open front portion 208 opposite a closed



[ 0033] The coating of swarf or other contam nants fromthe sem conductor or
solar material and/or wires reduces the efficacy of the di anond-coated
wires inwo2bsaei4siwo ways. First, thescoating increasesCrhBawedsfiésci ent of
friction of the wire, thus increasing the anount of force required to pull
the wires through the ingot. Second, the coating al so snoothes the

previ ously rough, abrasive surface of the di anond-coated w res such that
their ability to cut the sem conductor is significantly reduced. Prior

syst ens dwetkeppition 28 Eenpalk 29 spoilicduptioiquday £ nemifokb2 14 (Féaurey3 addi ng a
surf act an, 4t I O i ! r. The
use of thr%né1 52151?&% g%:‘sta%Hnlg }ev%g%i\gé/@re ?t%ﬁzlgosa F%r&e%ﬁf%lﬁggh%go @ﬁ?@égﬁg@ﬁ%@ati on of
swar f codl2rigs b plaalita of epéraddse? lloakalare in fluid cpifBdicafitrewsth sbeowpoddiagr i bed

herein use an ultrasonjc cl.eani.n stem t ve swarf fromthe
di anond- CBST'SEs A g beﬂég@ﬂ@ﬁﬂiﬁpf@ﬁt@% iﬁ?@?sm%&leg odiffdfed to the
Wi res acqRE faRgoli® 12M4s fid GRMIBI A thibad hbrtish 26% BNk fufkrRdiagent , an

ul trasonic cleaning systemshowi in Figures 1-8 and designated general ly at
100 i s ditbeckosedsponthing opérangsyp eltlabigh otler ehbadintané miy e difigreotf niembwirs e saw

104 while the wires, are..di sposed in the saw. I n a second enbodi nent shown
o o S obEy b R S S N e o s fad Por e TR faldEh o

cl eani ng sﬁgﬁl'fy(m@taﬁﬁ?_o,@&@thll i 4@ isdteR mhConct@ic dphimds inpRtthge 20 pe of
wire saw 504. In this enbodi nent, the system 500 is operable to clean the
wi res 10Aixgkily to thaeowice esfleidevith sspebledulios of hwesaw 504. In a third exanpl e

enbodi nent shown in Figure 12 and indicated generally at 600 an ultrasonic
cl eani ng syst 38 Thicdetloplett 2Hiand thsfropeztb 86 tis sphedrmpwit teperl@2hahi | e

they are nqt. di sposed in a saw, In a fourth _enpodj nent shown i.n Figure 14
and i nd cutel TgRar 105 Ta e it s bR GBI EPLD LR R 208 GG to that o
the syst eih6O6F the p&8JinttRe 6 ¢ BiABodhIcBE tw0 dpdREisan0tate phdiddkdaf ter the
wires are wound and/or unwound froma spool. In a fifth enbodi nent shown in

Fi gures 1Btaer thofraniblae20grnd 8 byenplatd 204 generpip@djagant theasapposiagul t r asoni ¢
cl eanin temis us t |l ean.the wire 2 of ny w,.104. whil e the
i res. ar e PR MRF et A Rl SE dipelhs dp Sl BN he 1 rat
enbodi mendiffsdaaunbersodion€igurhtidns ¢f spy&iretityl 60 ufdrto eh@binte gpaskly 101 of
wires 102 used in a wire saw 104 is djsclosed. In this enbodinent, the wire
saw i s udwived the freet niste 2BRrEGHYPeeloPlat 20doThe basktrdate 204 ppgthe fiams t hat i s
br ought i j i I keection of
the arr 0\/9? éstﬁgg\ﬁ Qllte?l&b{%&édﬁo g%ﬁ?ﬁy%ﬁga%gﬁ%ﬁgf%%' g%iﬂ{éﬁg@\fﬁgﬁt ﬁf%% 2?2 IiSﬁurrber ed for
brevity, doameveat tottheinnetporayn RO lituid éocatedloppadiicttie otb of wass 1@Rintthat ext end
substantially parallel to one another (Fig. 1). The saw 104 has a frane 106
With thré%‘t%pf)glog?fﬂoges 108 attached to the frame. In this enbodi ment, the
wire 102 is continuous and has a first end attached to a first sgzol and a

second end at tI88HYdn thy exeaplsnambpdisient, haghplate AHihen thipeontsings Ré Wre
102 ma [ [oc i qul ting a

seri esyo:‘:F8 gﬁ%ﬁ@?@% @l%f %r? ﬁaﬁgs?{l}g% %Laggﬁ%lgﬁ tﬁﬁ@g%\éﬂr@ gmg%éegﬁsfrog@ g%ﬁlrdt ﬁgeizogd

spool s armearifoid2t2 adi tho opedihgsih ehdtanl 20 dihesespehings 248 peogeliqbtie t o rotate

the first_and second ols to pull the wire 102 along the w re guides 108.
In sone é?%_gfpwetﬁ? Eanlc203 trpuy 5 bak e c%ﬁé‘taé‘d\}\?tPégm&PteW%gﬁetWe&rﬂéﬁ %4r ound
the wiresygi @eSTAOBont plate 206 Q8341 c1dfgitdd (%%1219%:‘2@9%&9&1 tRERICARI 1 gured to

mai ntain a set spacing between the wrtes the web 101. Thi s spacing
cor r espomuispaso oawhiadiis debctihédhalew sA phinadibeackets P24 et disposed ¢reommmingonduct or
or sol ar terial. The wr ui des 108 may have grooves [(not.sho or

ot her o1 RO BeinaPESorfigh ARAESE yarogtmuer BRSO I FEEF I8 n s
spaci ng hgtnean t0eominb8sr HdnRbiatd@ruskie ddlsholitd. Wi re gui des 108 may al so
be novable to adjust the spacing between each wire guide to adjust the
tension on t hqopa)asiddduithed ARy WEPighl4, 7 and 8. [RQA: pbRichod ifaTBeL! ment
the system 100 i1 ncludes an I nner pogtlon 200 and an ogter portion 300
connect edintudgesohertranydway 3 @uandabdopofrada i cognsotsd ®rthe gnddesdr. Seen in
Figures 3, 5, and 6, the inner tion 200 cont ajns affl ( .202 for

ot d ng st Soind S spibhorte BBY bscnetaddS Tttt dod St oot o 206, 1
the exenploary £LARAEEBORMA a phiot Bhéldets R¥Z%ohfeded foMBe HhAGATIR Fdiglwee and has
an open front portion 208 opposite a closed back portion 210. The taffl(
202 is supplied with liquid by a manifold 212 (Figures 3 and 5) that has an
inlet 214 connected to a source of liquid (not shown). The manifold 212 has
a plurality of openings 216 that are in fluid comrunication with
correspondi ng openings formed in the back portion 210 of the taffl( 202. In
t he exanpl e enbodi ment, the manifold 212 has three openings 216 and the
back portion 210 of the taffl( 202 has three correspondi ng openi ngs,

N Y L 11" o o



[ 0038] The back plate 204 and the front plate 206 are spaced apart to
permt the web 101 of wires 102 to pass between the back and front plates
wi t hout cwotactizmgiei ther of the plateg. In the exanpl epemnBziizesuties t wo
spacers 220 are positioned between the front plate 206 and the back plate
204 generally adjacent their opposing edges to ensure that the plates
remai n spaced apart during use. In other enbodinents, different nunbers or
configurations of spacers may be used to maintain the spacggg bet ween t he

b [
front pl atl8 laoe calr Yl Asoprgercddp siefrape 306rhwa phexlitp i fastepon 3dAd e front
pl ate 20 ; t | : [ ront
bl ate 208 e OBELER GRS bR GReids pEL PEREERCTTe < he
web of wiarepositddhed betwren ot ampo06 mahthd Backets 308 iff hoIR}ymple chtbedaxanpl ary
enbodi ment, back plate 204 has three. openings 218 forped therein fhat are
general | y° iSﬁbS&qtlgﬁ%@mve%%weflwg 0 Hmaﬁa%e_r%fg ket o i“gg%tﬁ‘éntrﬁﬁl?ﬁ“fs& §7215 anc
the Open'awgro'vmem@ &&ﬁkadé%me&*mﬁe RPERE PSS 8f e Hhle J0eqyiit to flow from
the tank 20 througg the back plate 204 and into contact with the web 101
of wires aketsT8. front plate 206 has an el ongat ed opening 222 forned
therein, the purpose of which is described below. A pair of brackets 224
are di sposed dnodigpositrgsacdge302odndtthesdnonede PO frc coniZ@ddiychnarseitalded t o

secure the inner portion to the frame 106 of the. s 104 or_ anot her

i nt er medi '1ENBE PRI Lt ﬁé%mglﬁ&m?fal_ment e-g-[m%}llc\ﬁ ’)([gﬁte%ﬁs)e&é‘ﬁce_ now t o

Fi gures 4ondiroMd4Gas b REIBUVERatROEIHsARtAROhE REh Y9 e FNdH! JFHRSRE §01
transducer 302 and a sonotrode 304 connected to the transducer. The

t r ansducenf V362 18Achlthoegls teotidthd® Bobagmratcoonless thah the witldh dfitherecti06 of t he

wire saw 104 by a fr 30 d a pair . brackets 308 cannected to the
rame.  THETEY RS EEPOGgsnhadhes DeRPLF 30his EBHELE YR 6T AE PRES06 by a
pl ural it YenfodirA&itanEhes Bfdtent€ackR20Bha3 ROpdshioned AEEER tht Wl N® drdgket s 308
by a plurality of fasteners 314. Springs 316 are positioned between the

frame 306 0drvhante upt. die Réescrbalimants e swwapded Envadbaehped difeutdlyant i al |y
prevent | ogsenin f the fasten . | ur ald f | ust nen ews 318

B e or oviairef §Hadls FORHEORER! B AN Ereh FBhniS by R SELEFT ame 306
to the bragkieve a3q8are or rectang0ld apl e sdnmanabbdigent3 Q2 g antbuthie3)sonot r ode 304
are connected by any suitable fastening systemin the exanple embodi nent
(e.g., nechanijgad2fiashis BRbSIimehh ercSARNoNRACa3O P3G Rasvil sHwbr WiHdaSf 1S
substantially the same as the width of the web 101 of wires 102,  al though

t he wi dt thetwermyabpet I Wamepandb20Q Bem ™t herltrasenigi tepmpduser 30eis wernagfedip pes i n

ot her embodiments. The sonqgtrode 4 1s nerally cylindrical jn the

xanpl o SUUIT reie! ARG AR OPT Y dBeRr R E80 bRGEble20 SERY e near st
the web IBdouaf ofpdves olifpat B e tidhsdieer 302) afd heiceehdediiiaidt of iheseanot r ode
304 may be shaped differently wi thout departing fromthe scope of this

di scl osur'dbratieps gopgipiiddy thesonogrde POt Manaveraiic santeol syseds @Ser rect angul ar

shape in 'gﬁgﬁ ' [

enbodi nenoﬁj,%@hegﬂgﬁétj% as nié %&tg?cgﬁlggﬁﬂgglrdggtg % %%?glslengy 8 (g\tllv{é3 Sp%i\%% P{ﬁ%“m @gt ween
about 50 tidhsdicand02@fd iusthe fidypicndst sfadtasoaict vibrat ciucgne@0:d bystheonnected to a
suitable contrpol_ system (not shown). This control. systemis operable to
control CRBOERBANE ﬁ‘ft_ﬁﬁ)SWéPp%ﬁf‘gB@‘) * dhiu iR sRRB B oBDEene et RElEe t he
magni t udeoRbirdttJ0ASRR K BrRESL 4R0E1 @RALLAS S§lkRY. the sonotrode 304.

Mor eover, the control” systemis al so operable in the exanple enbodi nent to
vary the freq f - ] t hus the
frequency of ﬂ?@?ﬁggﬁ§EQ§PE$§@P§ﬁ§ﬁ§§%2§%ﬁ%@33§5?Eégﬁﬁﬁg%ﬁgﬁgsgﬁﬁ? In the
exanpl e ehbfdit o@bbdintcheinuthe naaber of utrdsvaitcictiasingsnaems 602 byedttbelcaodat r ode
304 may be between about 10 kHz and 30 kHz. . .[0043] The second exanpl e
enbodi mert<® KHat st 1 g‘d%%w@nmff Faiiey Sr1d s e Sy S CnsoRPRER | n | he
number ofto Wid AR BYforft 66 BF Y BT iREd) oMY EAR: fgyyed 101 of
wres 102. The system of Figures 9-11 has I'tiple systens 502, conpared to
t he si nglenteyghent thoGawH04 helwieh odd wenrtgmides S66.dartles cthb8dimvbt, dmveire in this
enbodi nent e saw 504 inc]udes two.wir ui des.506. I.n this enbodi nent,
the wire gt g0 B9 RS ol ot ?9%9@E%Wﬁfeﬁ%uﬁeﬂg%the%%quH% waf er s
used in tdTPhBloQElGE HONcAR] HBRRTQY Bk kak G0d eyaRscd RVRY 8hy othBesis@W 504 may be
used to cut any other suitable



sem conductor or solar material. Each of the ultrasonic cleaning systens
502 shown in Figures 9-11 are the sane as, or substantially simlar to,
those deswoizbesdhi2adsove in reference to figures 1-8. PCraBzM}/oshhes t hi rd
exanpl e enbodi nent shown in Figure 12 discloses an ultrasonic cleaning
system 600 for use in cleaning one or nore wires 102 while the wires are
not disposed in a wire saw. In this enbodinent, the ultrasonic cleaning
system 600 iis shown schematically. This system 600 is operable to. clean the
wires 102cBigondpgiar gfofas maiahiash ofthe Wisesopisi thepningeysiems 203 shasv i

operati ony; I I rati . . : I anond- coat ed
Wres 103 Faelda {Fbing PP RS ELhRimht BiniRE. Moo T e e el T et or

it is wounfirowre & Bigoms 16002. The wire 102 is then unwound of f of this spoo
602 and fed through the cl eaning system 600 to renove swarf fromthe
surface of thgoo4gmrdhiedatthlnemBodiBRnt dhdownh Fi@i¥odidi¥elobes dnhe wire 102 is
fed throu%h the system 600 at a rate of about one to five nm's, which may

al | ow t hellggsapic desnig systeenel) r vin ipseasingoae er BPre waew ¢ewhide Be pass

t hrough t . J i . the wire 102
may be ia@?g%%%ﬁ&§¥§§§%%%§§§ﬁ9§ﬁ&?g?9 h%B§%§§n%g%”ggggg%ﬁ?%?%&§h the system
mul ti pl e dysto@H00 is showr] O&mhtichhle. Tlyis kesteb @00 neypecabid @i dicabahpaireni @ t hat are

t he sane .or bstanti al | imlar to those described above in reference
to Fi guré’gf'@@wiﬂ%_ ?S_%%ﬁ%iﬁ@@&%@dgy%l&%%rww PO el to clean one
or more Wjefsion Odtck Bn@oSinBe & tl?@‘&i%moh@-%oét@c’i‘%ﬂe??é*zh 3QfcPlo dhhesyst em 600 may

have a width | ess than the sonotrodes used in either of the exenplary
syst ens showonidnctsi gusoks nlat@ial e wakaspl ie venbd din mespooldf02 Fllguwee 102 iss

configured to clean 10.indivi | wi.r subst anti al | [ aneously. O her
rbodt medpel SpEEamT S Babye bR ant i Retsh B St e detolhd BTEREYs

si mul t aneQust ffom My KERMEE of the @idnichASEhda fwifRM N &Y iPerhRSRBENtOheGFiRAL er  power
rating than those descri bed above. Alternatively, the systemof Figure 12

may use tl9e isfdehongk thestyatam G0 ay agataiof abous enotor ivcew/sandiicbrmayrallesducer s as
t hose desgri bed. aboy, Lth reference t.,o of her enbodjmen [0046] In
 Four  n Rt HER B T & SHTRE B O oS TR ot ar ¢
the syst edp06R0othér dnit@direents, thesfebd ee bOthe waanl IRheaybd k@& dwrideerebdedi S bei ng
used in the saw 702. In this enbodi nent, the system 700 is disposed

adj acent ¥¢/o thg wise mandgderbiroughdbemstrpmuldaiyctised by the saw 702
operable to feed and pull wire 102 through the saw and around the wre

gui des and t hd00#3]elheGestpadde mayontaghcampaisatyithy arodeisame peosonot r ode.

This wire n ment., syst.em yses, t sSpool gnot 10WN Il operation, wire
T o RTINS T HRG Rt R BT ER TR Lo HlaRBRES L o0 v r e

around a teesB8thsgeRh 608 ik esnfidiceddor Bednase be afdréwasi DO for:odimdlbgads| r st spool
and wound_ around the second spoo the direction of travel of the wre

|, , :
rever ses thpgPnoedes 9ok the syiist KRB0 Mag oy ha Wadh derd thandbe somoggdesirsedigh t he
saw, and %ﬂj | | LS. %ﬂﬂ‘ : S
conti nuese\{\@%tﬁ% ge I r%%‘%fs yﬁg@%%@ﬁpgﬁ ﬁlgg%g?ng? gﬁgxg er I.E Q{Pﬁﬁgdlg{fg%g% 700 is
posi ti ondtdgwudh it batfigutedab ebas 10 hedividng vhiBR shbstadtalliy tsinnd tanoaustly. @the one of

t he spools and/or as the wire i.s unwound fraom one of. the sqools iand fed
back i nt FRUSITRSHS atigrsPRIAgHPd tocleaeniy QL iless iy SulNandly simyltapcquslyor t he

sane as igrea¥at A tAATRY mBE ARSI elRPERALAGE rhity @b BlosSPOO! -

described above. Alternatively, the system of Figure 12 may use the same or
substantially similar sonotrodes and/or transducers as those described above, with

reference to other embodiments.

[0046] In a fourth embodiment shown in Figure 13, a cleaning system 700
similar to the system 600 of Figure 12 is used to clean the wire 102 while it is being
used in the saw 702. In this embodiment, the system 700 is disposed adjacent to a wire

management system (not shown) used by the saw 702 operable to feed and pull wire



[0047] In a fifth exenplary enbodi nent, shown in Figures 18 and 19,

mul tiple ultrasonic cleaning systens 1000 are used, although only one
syst em orwotzhewozmsirbers of systenms may;fpe used. In thisPpewhBziizesstes t ank
1302 and/or tank 1304 are positioned on the outer portion 1300 of the
system 1000. The inner portion 1200 and the outer portion 1300 are
connected by any suitable fastening system In this enbodi nent, the outer

portion 1300 contains two tanks 1302, 1304 for holding liquid on either

si de of a03dheugbte spMand a1mpd thavie gpidsprrd e wirrel Rdtirses 11509gh 4804 are

o Eour e e J0f B e Tindalte. Pl C Rk A AR oo e eanks
1382%f130ﬁohﬁ}E%bpme?nmmdn?mﬁgph¢$imﬁlﬁaiﬁhﬁ%gﬂghgggﬂmmn@mﬁhd&wemks nﬁy use
a al erent. nunper, o ni 10l ds. t anks ) Y. have re than
one i nl et sTavong 4y rcdcRoplaARST M5 EsBamIFE iBve Fm AR Hishl e

st oad 1Bt e B R oL M e e e a
mani f ol d abd 1 wire supphopnten thekscarddppol Bd4hmugh thcisqui shdawduichst ead nay

C et o SRBRE gL HIEola ot St Sl i R RSl b L0

pl ate 13Q@c&f inkawkfcts3GBe kyst@AT700 @thdsRiohbBOWIchRatlinGéAR therirtnes betbrd ank

1302. Between the back portion 1310 of the tank 1302 and the surface plate
1308 is ahisiwvmad ongagncifaiesppebendior ks thepyig islunwpued fropericrngsheipogls The
thi's enpoi neh b dg T NAEhY A Ao R BB B R h BB B 5T
al t hough a@ttllites‘ys‘éeﬁﬂﬂﬂﬁﬂnﬁﬁbé posiaohcdsdjadedtities @htr spoober s of openings. In t he
exanpl e enbodi ment, the surface plate 1308 has ni ne el ongated openi ngs
1322, al t houghogdhan SRS cABYdiHRat, dhd e iEMbuRyTRANS 19 Shalegr and

si zes of openings.” The el ongat ed openings 1322 are | ocated al ong the

| ongi t udiwl@dsoeiggdeaping systemyarl P8R éreplsad,@ltﬁm, ordyipacetent or ather tY ode

pl ate 1326. The inner l. 1 h f | .a 3 .and it he

Pl osed badi gy R Bt Pphfoceidly. LR 1342 WREF BT L P oufORS: (o o

f ast ener sonahélbater Pordiok @880 of the syst¢r@Q88(). Tha ifidvr pocivadd0oend theaus@not r ode

pl ate 1028 i.s di sposed between the tanks 1302, 1304. The sonotrode plate
1326 has PRMINbI00GHR cCOpenicd §y pay suithis fastepag systeprle this sebpaeat.3bu are

POSi ti oNngghyer Bﬁio?lol%brcﬁfgﬁ}n?gﬁ?iéﬂ%)s(%g@f lngl ?d%oi&ﬁ%ﬁgﬁd%ﬁ%ﬂ éfsﬁc%%f%oll to

come in contl%t wth't iting fromone nore o tanks 1302,
1304 out sohotrdte pddton §2d. €dhcapemorng$ thb32iks 1302 13104 urdsupbbedswith diquidtey t anks

1302, 1304 a intQ contact wit e web 101 of wr 02 and t he sonotrode
304 outsira@ng)?dstﬁégé%ﬁ@&?@a%g%mg@mf@tﬁ ‘4 %S%r%ea%fef{?ﬁéqw%égt.shown>- [ 0050]
The syst aEBhdSSHpIL&HLARAUE:, IHRTRNE 13VR! 303 DE{HKavOHHE maafBiR MR MANt S
deposited on the surface of the wire with ultrasonic vibration. These

syst ens udthougieotber anpraslimeniomaydesa tidfanént nambei efahdyfoldsoiThe enks 13 d

sur r oundi the wres. his |iqui S.S lied t he nmni ld into the
Sk and 194 S A i e St B BedBRYS Gih W i BBl 3o S not T ode.
This ul't r@ﬁﬁEieCdiﬁhléﬁtaﬁdl@d[b. of othBeerhdllith Ents, @86 lok Snordintay 1 3 Bt ey imicall he

l'iquid, which in turn dislodges silicon swarf fromthe surface of the
wi res. AdusHmaresiap optlgiuMescoyer, somg gabegimeatscpiy veitisea nedndfale] 31240 sur rounds

a portio the r J eqt | L.qui I r QF e
uItrason?@BQVé%%?§%§%évf%%?yWﬁghqgﬁﬁbg%Fk%ﬁqé é%§§§¥@%§h’8§1??£%@ in the
first, sesgndirectindo fhefsotircexaipldewiirbathbreabs, ortpiyesul t rasoni ¢ cl eani ng
systens are operated to clean one or nore wires while the saws are slicing

the senm conduqhoag]oNs shelvarin FRLueE | Rla Jufthée Walfeearss of tinkN8o2 B diflittedrpdi ment ,
the systemis operable to clean the one or nore wires off-line, i.e., while

it is notshpwithgngilededturcs pktaglahd0l. Betwigon therbasdi nestiian 13190t \Wha task d3Q2 be
renmoved fr t f1ek :bel £ 1 S! d . rough
the syst ditays AFEEEheRy D D BRar o B 08 SEE byeBR o SRS ol Tt e
and t hen Tiedghdrgar plpe 1306 enaly Fenatioh@s a manifold to distribute liquid. In this

embodiment, the inner tank plate 1306 has seventeen openings 1318, although other



through the system The wire is thus subject to ultrasonic cleaning as it
passes through the system In fourth enbodinent, nultiple wires nmay be fed
t hrough two=2osyei4sIM at substantially the sane tinme suchpchmaB2aivessned ti pl e
wires are cleaned in parallel. 0052] Figure 14 shows an exenplary
wire 102 after being coated with swarf and Figure 15 shows an enl arged
portion of the wire of Figure 14. Swarf 804 surroundi ng the di anonds 802
di sposed on the surface of the wire 102 is shown in Figure 15. Figure 16
depi cts tambogipents mey 4p¢ ifferant AuEbers ehopanangset By CxANRIF enRedimeat. dieani ng

syst em of oni c

cl eani ng 535128 Btr%zlﬁg\%ggé %ﬁ%g%g %F%ﬁ?%mg?%lﬁgg@vg%l %ﬁeé%%aﬁgg%él tZd on the
surface ofse tiffﬁ:rwtmamb&ﬂZShaiﬁbﬂaarﬁiyﬁzesmsﬁoptﬁﬁmgsi bedeclbegatdopanings ¢322 arei n t he
efficient val swar f . f t sur face of e di anond-coated wre.

[ 0053] Adotriylppipe m@dmaL@[Qapgﬁ} o%&ggaa? plateds ?oadaaéaﬁfcte thesongfredet s of
swar f Coaﬁlétg%%‘ ﬁh@%ﬂ@r&eﬁ&ﬁ@@cé 1866 'tﬁ@ﬁ’ﬁ%@pfa&eljO%”&idﬁhQEloE&?béM(r es to

reduce the concentration of the swarf coating. However, | ncreasing the

| engt h ofportien ofi thertmli-18 b et onineoged tngﬂbas]:e&m@@mﬁ;s@amts apdair beagkets. of t he
saw. Known systens typically required approximately 8 neters of wre per
waf er sliced. [T649]uh thigasmbodinehearomngraly plaebt0ies dispbed Ueereinrthal | ow

| engt hs | ess ters of dianp oated wire to.be ed in the wire
saws. Int %%%352&&3‘4@%& %OHBErPﬁ"F‘gPIPWeBg? Bant pRJSPde SRR LI vglgae RRT @ n,

appr oXi Meh&leXoffotfRi 8564 B PBkitiBnQl. ﬁhsgén&l%ae\agé he $AICARWsToMBEd. Because
the cost of the wre may fporma signi ficant ort on of the operational
costs of sbhetrmWS()!attdcmm@onmt itk thedfquihexitved &ps)qnear nedtel of thertariks t he
amount of to sli c each uce .t he. c S slice the
Sen condualBr REASIRERS RiharFa R arerE HaliFHoRE sipeiiiadols: { he
systens OﬁSOHBﬁdiﬂtdS sbntag&EMNHe waBd 0 iof Lilire® X 0T RAEthe RBRSHITB DS odfsRic@Per abl e to
cl ean the di anond-coated wire while the sawis slicing the sem conductor or
sol ar matthe plangited epanirfasrld22 Thelsansthamfircdeposi ted on the surface of the

di anond-coated wire can be pronptly renoved by the cleaning system and
substantially [ﬁﬁﬁi/]élﬂmeeglstém@des‘mt:ibt(ﬂab\gemq:mavﬁ:lswaﬂmui/wrg)thﬂ@oeﬁaﬁiim@] of t he
saw. ACC(L)f%’dI n% % AN E{hI U|re t &F to cut

sem condHEPBYTEPNLRY Hriasp eéZY“ﬁi ‘?ﬂ %%V} o lﬂng dor:S ?W“% %’é’éd

conpar ed rh&e'ﬁﬂ@dbfbd%@%ultr&@hm%ﬂ?%r@te ahmmu%@uﬁdlﬂgmer ORI, 'Tﬁlsarﬂlﬂ[cmé' mat el y
seven hours to slice a 200 mmingot into wafers, while saws using the

exenpl ar yupplésshitynge g;ﬂ@tfelrdsm@etb@tanb@ad Rewe fionniy tyk tegpateridhovebiof ci ng a 200
o 7o A el B AR 0B G B UL R fn RO S2ve

mul ti-cryhé ﬁhlluti,n\@hllcﬂﬂﬂiurﬂl oisdped elicon st ﬁo@mswﬁiwgfﬂlhav@xeﬂpl ary
cleaning systems described herein may be operable to do so in

appr oxi meheVy i Bighresrld 2ol ifap cobiestios chang] | Kl yuroupdonprsgR peMS require
appr oxi ”Bsﬁ,ﬁt%%ﬁs Vc%llg?[)ﬁ% q%lé{haf'ﬁ 13%%%}5&&8&15%@%%%% yctor material in

a crystal ograp ic pla to vva ers e saws us € exenpl ary

c1 301 N9 5yt s 9351 JEnELEL BT SPRLBRL Sod RrfE LD APPT kit el y

embodiments, the ultrasonic cleaning systems are operated to clean one or more wires
while the saws are slicing the semiconductor or solar material into wafers. In the third
embodiment, the system is operable to clean the one or more wires off-line, i.e., while it
is not being used in the saw. In this embodiment, the wires may be removed from the
saw after being coated with swarf, and then fed through the system by attaching one
end of the wire to a spool or other structure and then feeding or pulling the wire
through the system. The wire is thus subject to ultrasonic cleaning as it passes through
the system. In fourth embodiment, multiple wires may be fed through this system at

substantially the same time such that the multiple wires are cleaned in parallel.



[ 0055] Figure 17 depicts a graph 900 di spl ayi ng nmeasurenents of the total

t hi ckness variation of wafers sliced using previous systens and the

exenpl ar yweystnmssdescri bed above in Fjgures 1 - 13. EaelTdBia2/ssMéses in
the graph 900 is a box plot, the upper and | ower bounds of each of the
boxes represent the first and third quartiles of the data sets. The lines
extendi ng from opposite sides of the boxes term nate at the maxi nrum and

m ni mum val ues of the data sets. In the first data set of the graph 900, 4
meters of wird? %?s]Et&lellﬂéhomwbtxemlwwlt%@%%ttjbbematcea%w@hwa t hout the
ald of INAHALATSOhEnCLPAMIDG SHThABPuRNR GBSl sk sba the second
data set ters mnre per waf er the ul'trasoni c cl eani ng
syst ens olurbingling thedidiBonwia 1862 ldiSpbsezle:dl the) surlfa&arof tltee;vm i@ islshé&emirse, t he

ul t rasoni S s n the wires i the third data
set, alt d&gﬁﬁg%tgl@r]’?@%m\ﬁg @Flt t CqLien F%{’%‘P’PE T%PC| ngot i nto
waf ers. ASe s s d’t‘tﬂé’ﬁr‘%séhz dlsEI'ES@uI%OAékhotvm GHNESS 14k AlthQBnief wafers

sliced in saws using the ultrasonic cleaning syStens is significantly
reduced oxempangeystcm emioves sypsttemlyvai aflihalswarh 864 duqmseftdccbn thk earaaegpfsyst ens.

L ood o5t 08 I S TreiBrQhort Bl Rl YT Rl OF
i ntended &QrMRan thd\@kfabO6f B AlndnAeccicdEe of the el ements. The terns

"conprising”, "including" and "having" are intended to be inclusive and
mean_that thergosRysdfsasttidtdpgialons Fe@f‘dﬁfs%tt&hgﬁb rEdIRR G rdctsIredaff ements.
[ 0057] As various changes coul d be de 1 n the above constructions w thout

depar t i ngohtimgon the veioopeasdd irtcharse thedengtionf thictwires to rﬁtdemjéld cohamntratién mat t er
contained n t he.abov escription.an the i ng draw ng[ s]
o Dot i L e ST N iR e S of e BT ORR ARSI ATl &
CLAI MED lifreases the operational kostd o8 i2ts@W KAbwh Ls&sft@fﬁ%fc@ lif qu?&h@@n' ng one or
more wires of a wire saw for slicing sem conductor material into

waf ers, taperoxysetein ooasrs afiwige per wafer sliced. The ultrasonic cleamng systems

described herein allow lengths less than 8 meters of diamond-coated wire to be used in
the wire saws. In some embodiments using the cleaning systems described herein,
approximately 4 meters of wire or less per wafer sliced is used. Because the cost of the
wire may form a significant portion of the operational costs of the saw (and hence the
cost of the wafers), a reduction in the amount of wire needed to slice each wafer may

reduce the costs to slice the semiconductor or solar material into wafers.

[0054] Moreover, the systems of the first, second, and fifth example
embodiments are operable to clean the diamond-coated wire while the saw is slicing the
semiconductor or solar material into wafers. Thus swarf deposited on the surface of the
diamond-coated wire can be promptly removed by the cleaning system and
substantially prevented from building up and reducing the efficacy of the saw.
Accordingly, the amount of time required for the saw to cut the semiconductor or solar
material into wafers is significantly reduced compared to known saws. For example,
known saws may require approximately seven hours to slice a 200 mm ingot into
wafers, while saws using the exemplary cleaning systems described herein may be
capable of slicing a 200 mm ingot into wafers in approximately three hours.
Furthermore, known saws may require approximately nine hours to saw a 156 mm x

156 mm multi-crystalline ingot into wafers, while saws using the exemplary cleaning



an ultrasonic transducer connected to a sonotrode; a sonotrode
pl ate adjacent the one or nore wires; and having a sonotrode opening
exposi ng wbeosinetsiode to the one or npfe wires; PCT/IB20a2/0%é8 f Or
delivering a flow of liquid for contacting the sonotrode and the one or
nore wires, the tank positioned on a sane side of the wres as the

sonot rode pl at e; wherein the ultrasonic transducer is
configured to vibrate and formcavitations in the |iquid for renoval of
cont ami nabtsmp deieriked herrhicaabe eprsatin o ¢t sigragpiaxinaalcly four and one-half 3 A

SySt em S8Rl sy, kil 8l MOBEEhbbNGRIPRRY 4IRS S

di anond- coat e enlas In c |n11 wher ei n
t he one csapptnreesemlcrwﬁucfton' ma@rinkin Mymltc%salﬂﬂa)pﬁum mtmwaﬂeri whdt spas al | el
W res Ysten1as set th in c%a|n1 ein,the

f
sonot rodélswa%sthaewr%nlmt%%ﬁ Iﬁgswgtﬁ%léfisﬁmb Vetnrfaass ‘Wodlflh of the
web of WgByximately 50 hours.

[0055] Figure 17 depicts a graph 900 displaying measurements of the total
thickness variation of wafers sliced using previous systems and the exemplary systems
described above in Figures 1 — 13. Each data series in the graph 900 is a box plot, the
upper and lower bounds of each of the boxes represent the first and third quartiles of
the data sets. The lines extending from opposite sides of the boxes terminate at the
maximum and minimum values of the data sets. In the first data set of the graph 900, 4
meters of wire was used per wafer to cut the ingot into wafers, without the aid of the
ultrasonic cleaning systems of Figures 1 — 13. In the second data set, 6 meters of wire
was used per wafer and the ultrasonic cleaning systems of Figures 1-13 were utilized to
clean the wire. Likewise, the ultrasonic cleaning systems were used to clean the wires
in the third data set, although 4 meters of wire per wafer were used to slice the ingot
into wafers. As shown in Figure 17, the total thickness variation of wafers sliced in
saws using the ultrasonic cleaning systems is significantly reduced compared to prior

systems which did not use such cleaning systems.

[0056] When introducing elements of the present invention or the

embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that

there are one or more of the elements. The terms "comprising”, "including" and
"having" are intended to be inclusive and mean that there may be additional elements

other than the listed elements.

[0057] As various changes could be made in the above constructions without
departing from the scope of the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawing[s] shall be interpreted as

illustrative and not in a limiting sense.



5. A systemas set forth in claim1l conprising one or nore manifolds for
supplying liquid to the tank. 6. A nethod for ultrasonically
cl eani ng woeomwozmsie wires of a wire spgw for slicing serctanziuzbsmesor sol ar
material into wafers, the nethod conpri sing: cl eaning the
one or nmore wires by renoval of contam nants deposited on the one or nore
wires using the cavitations in the liquid. 7. A net hod
according to claim6 wherein the liquid is ultrasonically agitated and the
wire i s cVeEnel GhNMES:0one or nore wires are disposed in the saw

8. A method accor d'lngAggst%%mlﬁ é\%ﬁf‘craﬁiz @ﬁ&ﬁi‘ﬁ bhdBt BotSwiid SRS Qaav!/' y

agitated and the wire | eane Re of more Wres are not
di sposed fonslidive savconductor or solar m&erid imm twadets.abe gystinmgormprisih@i m 6 furt her
conprising controlling the ultrasonic agi tation of the liquid by

controlling the armun ower out put he ul soni ¢ transducer,
wherein the anpunt a(5‘f t@ﬁ‘tq‘ﬁiﬂerg‘i}‘ ﬂgd W%gﬂ&é transducer is

controlled to be bet Ween about 50 Wn2 and 200 W n®.
a sonotrode plate adjacent the one or more wires; and having a sonotrode

opening exposing the sonotrode to the one or more wires;

a tank for delivering a flow of liquid for contacting the sonotrode and
the one or more wires, the tank positioned on a same side of the wires as the sonotrode

plate;

wherein the ultrasonic transducer is configured to vibrate and form
cavitations in the liquid for removal of contaminants from a surface of the one or more

wires.

2. A system as set forth in claim 1 wherein the one or more wires are

diamond-coated.

3. A system as set forth in claim 1 wherein the one or more wires form a

web of wires from a plurality of parallel wires.

4. A system as set forth in claim 3 wherein the sonotrode has a width

that is substantially the same as the width of the web of wires.

5. A system as set forth in claim 1 comprising one or more manifolds

for supplying liquid to the tank.

6. A method for ultrasonically cleaning one or more wires of a wire saw

for slicing semiconductor or solar material into wafers, the method comprising:

ultrasonically agitating a liquid in contact with the one or more wires to

cause cavitation in the liquid; and



10. A nmethod according to claim6 wherein the cleaning of the one or nore
wres is perforned for a tine of about 4 hours to about 70 hours.

11. A syswermfimn44siit rasoni cal |y cl eani one or nore W Pe3/IBI0120WiI6%L Saw
for slicing sem conductor or solar material into wafers, the system

conpri si ng: an ultrasoni c transducer connected to a sonotrode,

t he sonotrode positioned adjacent the one or nore wres; a tank
for delivering a flow of liquid for contacting the sonotrode and the one or
nore wires, the tarficansgthe eneer BarcanrSdpgsmesalaf gantgminanes dgppdtedionom t he

sonot rOdeche one or more eiréa@glg{ngtﬂe Eilﬁta%ﬁsriﬁ%l?é‘ﬂi@i&r ansducer is configured to

vi brate the sonotro ormcavitations in the liquid for renoval of
contam nants froma surface of the one or nore wres. 13. A
system as set fortH.iA nwtidactdrdwego elaimtthehome the liqud s wiirnemidalym a web of

a plurality of substantiall arall.el wires. . . .
P ag}/tated and the wire 1s cllea}{ecP ahile ![he one or more wires are disposed in the saw.

8. A method according to claim 6 wherein the liquid is ultrasonically
agitated and the wire is cleaned while the one or more wires are not disposed in the

Saw.

9. A method according to claim 6 further comprising controlling the
ultrasonic agitation of the liquid by controlling the amount of power output by the
ultrasonic transducer, wherein the amount of power output by the ultrasonic transducer

is controlled to be between about 50 W/m? and 200 W/m?.

10. A method according to claim 6 wherein the cleaning of the one or

more wires is performed for a time of about 4 hours to about 70 hours.

11. A system for ultrasonically cleaning one or more wires of a wire

saw for slicing semiconductor or solar material into wafers, the system comprising:

an ultrasonic transducer connected to a sonotrode, the sonotrode

positioned adjacent the one or more wires;

a tank for delivering a flow of liquid for contacting the sonotrode and
the one or more wires, the tank positioned on an opposite side of the wires from the

sonotrode;

wherein the ultrasonic transducer is configured to vibrate the sonotrode
and form cavitations in the liquid for removal of contaminants from a surface of the one

Oor more wires.

12. A system as set forth in claim 11 wherein the one or more wires are

diamond-coated.



14. A systemas set forth in claim 13 wherein the sonotrode has a
substantially sanme wwdth as a width of the web of wres. 15.
system asweebiFmudsh in claimll conprig ng one or nore mamiBumligiesexr
supplying liquid to the tank.

13. A system as set forth in claim 11 wherein the one or more wires

form a web of a plurality of substantially parallel wires.

14. A system as set forth in claim 13 wherein the sonotrode has a

substantially same width as a width of the web of wires.

15. A system as set forth in claim 11 comprising one or more manifolds

for supplying liquid to the tank.



