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OF 'CUTTI NG FI ELD OF THE | NVENTI ON ThIS I nvention relates to a cutting

sachi ne and a nethod of cutting and refers particularly, JM’MNM’@W"’W’“’"
exclusively, to a cutting machine for cutting an ingot s
exanpl e, an 5ingot of a sem conductor or other material, and-+gopethod of
'‘cutting such an ingot. BACKGRCUND OF THE I NVENTION The cutting of ingots,
such as, for exanple, |~ |1y performed by
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usi ng a | arge nunber o W T és o per he cutting action
in the 1oﬁﬁiﬁﬁﬁﬂ?ﬁE$ﬂV@N?kﬁwry that is sprayed onto the wires as they
contact t ngot material nmay be silicon and the cutting may be
to producenis RkMidiualatedab & Ritthe'mdARE] fatd RBth8h oflCHiHgEshd Rfers fdriQikty,

i ndustries such as sem conductors, solar and many others. The use of a

slurry negpagh h&t@(%luglvélk b raycduﬁ@yrﬁbmga oF aitting amthgel SRhIRAtHr eRSm@ABCAA | ary
systens 15 such as chillers, tenperature managenent systens, and punps that

are not Ofmgyt df@rgahﬁ;\@namudorcb@smbymbwﬁalaém ahethotReEgind dueh bh@igent . Al | of
this requires a very large capital outlay as well as substantial running
cost. - Al'though dianmond wires are preferred due to their superior cutting
action, they cannot 20nornmally be used as they clog with the sem conduct or
mat eri al . BAGKSRUUND Of tTt INVENTI@Nt hem t o be regul arly repl aced, thereby

maki ng their use very expensive.
The cutting of ingots, such as, for exampie, of semiconductor material is normally

performed by using a large number of parallel fine wires to perform the cutting action in the
10 presence of a slurry that is sprayed onto the wires as they contact the ingot. The ingot
material may be silicon and the cutting may be to produce individual wafers for fabrication

of devices for various industries such as semiconductors, solar and many others.

The use of a slurry necessitates a slurry recycling plant, and also requires ancillary systems
15 such as chillers, temperature management systems, and pumps that are not only complex
and costly but are also energy inefficient. All of this requires a very large capital outlay as

well as substantial running cost.

Although diamond wires are preferred due to their superior cutting action, they cannot
20  normally be used as they clog with the semiconductor material. This will often require them

to be regularly replaced, thereby making their use very expensive.

Furthermore, the use of normal cutting wires can slow the cutting speed, and result in cuts
that are inconsistent thereby providing less useful results. It also results in lower yieid, more
25  waste and low throughput. This may hean, for example, fewer useable wafers from a given
ingot, and inconsistent thickness of the wafers. Wafers that are uneven in thickness may

result in reduced or uneven quality of semiconductors.
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Furthernore, the use of normal cutting wires can slow the cutting speed,
and result in cuts that are inconsistent thereby providing | ess useful
ftesults. It also results in lower yield, nore 25 waste and | ow t hroughput.
This may mean, for exanple, fewer useable wafers froma given ingot, and

I nconsi stent thickness of the wafers. Wafers that are uneven in thickness
'may result in reduced or uneven quality of seniconductors.

11111111130 A & - ERORRANTIGYMVARY OF THE | NVENTI ON -According to a first
exenpl ary~aspect, there 1rs provi ded a cleaning device for a wire in a

cutting | I ' 14C | S £ igured
to a||om7§g§?§g k% ?¥ gﬁaﬁbg@fﬁﬁggt F%ﬁgﬁ?6§$ a@§%ﬂ§§g?p§9§hgﬁggp@ﬁﬂular
gap confi gufifsl MRnhBCHR RleBRinGNiMNIcBT cathdrisingt a ARfolgH MBIMcERigBRESINGIidWT Ough
the cl eaning device for cleaning and drying the wire, the Conically shaped
annul ar  gaassagé Bethk Wil tHérdtheUTRUANEC A LbehIIARRaged-adnliah gaf sdnfigited tdoeuwph

hol e. The cl eaning device nmay further conprise an air 1nlet configured
to direct asanpuasmget dhtd/thé Qdielpassih@ tHrdlgyhaRdtlealing/ dsivapecticdningl a8 dasy The
cl eani ng device nay conprise at |east two portions, a first portion

conpri si ntheawics the ednically shaped annular gap being in fluid communication and co-axial with

the through hole.

The cleaning device may further comprise an air inlet configured to direct compressed dry

10  airinto the conically shaped annular gap.

The cleaning device may comprise at least two portions, a first portion comprising a central
recess having a conical base, and a second portion comprising a central shaft having a
conical end, wherein the conically shaped annular gap is formed by spacing the conical end

15  from the conical base. The air inlet may be provided in the first portion.

The cleaning device may further comprise a conical depression at one end of the through

hole into-which the ahnular air jet is focused.

20  According to a second exemplary aspect, there is provided a cutting machine for cutting an
ingot; the cutting machine comprising a carrier configured to attach the ingot thereonto; a
plurality of wires configured to cut the ingot; and a container configured to flow water onto
the plurality of wires and the ingot during cutting and to submerge cut portions of the ingot
in water in the container without submerging the plurality of wires.

25
The cutting machine may further comprise at least-one dancer configured to control wire

tension during operation.



recess having a conical base, and a second portion conprising a central
shaft having a conical end, wherein the conically shaped annular gap is
formed by spacing the conical end 15fromthe conical base. The air inlet
may be provided in the first portion. The cl eaning device may further
conprise a conical depression at one end of the through hole into which the
‘annul ar air jet is focused. 20According to a second exenpl ary aspect, there

|'s provideg, 3,64 Hap% B‘uﬁe% téB% {e%dlé‘ eés%ﬁ% d% Eﬁce(i%rv%llle%%g%p ne

conprising a carrie gure ereon Ut al i

of wires @&mueay{ mett&sﬂ)w ?ﬁ R ddipke taﬁdd.ﬁa&w RS b dptg@u..g%%qc.ga?{) ow

wat er onto the ur al w res and the 1 ngot ur|n utting an

subner ge gg;mgggalons of the ingot in water in the container wthout
subnerging the plurality of wires. 25 The cutting machi ne may further
conprise at | east one dancer configured to control wire tension during
operation. The dancer may be configured to be noveable to increase total

di stanse trha\ettihgehaeling nvdyrfertied comprigastcleadt bfe WiBIbmilon sendort ontlgaeease
total distance travelled by the wire to decrease the tension. 5The cutting
machi ne magtetuwirdr&hsioonphiersie nadvemeatsdf the dander & haasionge seihe atetesgeall wighir ed t o
detect wire tension, wherein novenent of the dancer is in response to the
det ect ed Wns®nt ensi on. The cutting machine may further conprise a wire
positioner configured to position a wire

The cutting machine may further comprise a wire positioner configured to position a wire

10  relative to a wire drum when winding the wire onto the wire drum and when unwinding the
cutting wire from the wire drum, the plurality of wires being formed from the wire. The wire

positioner may further comprise a wire displacement sensor configured to detect the

position of the wire relative to the wire drum.

15 The cutting machine may further comprise a control system configured to control
movement of the wire positioner in response to the detected position of the wire. The
control system may be further configured to control movement of the dancer in response to

the detected wire tension.
20  The cutting machine may further comprise the cleaning device of the first exemplary aspect.

According to a third exemplary aspect, there is provided a method of cutting an ingot, the
method comprising attaching an ingot onto a carrier; lowering the ingot to contact a plurality
of wires; fiowing water onto the plurality of wires and the ingot during cutting; and

25  submerging cut portions of the ingot in water without submerging the plurality of wires.

The method may further comprise periodically raising the ingot during operation such that

the plurality of wires are run against the cut portions of the ingot during the raising, thereby
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10 relative to a wire drumwhen wnding the wire onto the wire drum and
when unwi nding the cutting wire fromthe wire drum the plurality of wres
being formed fromthe wire. The wire positioner may further conprise a wire
di spl acenment sensor configured to detect the position of the wire relative
to the wwre drum 15The cutting machine may further conprise a contro
*system configured to control novenent of the wire positioner in response to
t he detected position of.t wire. .The contrql system may be further

confi gur ewqqrg‘ﬁr&%ﬂfr*r%? Al e?h@Fﬁ i portigas %Igrhec@?&i n response to the detected
wire tension. 20The cutting machine may further conprise the cleaning
device of the first exenplary aspect. According to a third exenplary

aspect, tReL 8rsinPoNreHaR bdBEMRE Min &§Witd B8d #& MB@BY m%‘/h@r_‘tﬂg?tc@&grise

conprising attaching an ingot onto a carrier; lowering the ingot to contact

a pluralitiafhg Me Rife afidrRohting bYafasiing theCnitd Brddigh aalitd MedHing\idvie @ofltd he
i ngot during cutting; and 25subnerging cut portions of the ingot in water

W t hout suwiHiRigahe'@iré BetoRl wiFedktdiver@furi res. The nethod may further conprise
periodically raising the ingot during operation such that the plurality of

Wi res are run against the cut portions of the ingot during the raising,
thereby 3 inproving surface quality of the cut portions of the ingot.
The method may further comprise positioning the wire with respect to the wire receiver
drum by passing the wire through a wire displacement sensor after cleaning the wire and
prior to winding the wire onto the wire receiver drum.
10
The method may further comprise, before cutting, positioning the wire relative to a wire

feeder drum by passing the wire through a wire displacement sensor after unwinding the

wire from a wire feeder drum.

15  The method may further comprise controlling tension of the wire by controlliing movement of
a dancer around which the wire is passed, wherein movement of the dancer is in response

to wire tension detected by a wire tension sensor.

Controlling tension of the wire may comprise moving the dancer to increase total distance
20 travelled by the wire to increase wire tension when the detected wire tension is lower than a
predetermined wire tension, and moving the dancer to decrease total distance travelled by
the wire to decrease wire tension when the detected wire tension is higher than the

predetermined wire tension.

25  The above features and advantages, along with other related features and advantages, will

be readily apparent to skilled persons from the description below.



The plurality of wires may be forned froma wre, and the nethod may
further conprise cleaning the wire after cutting by passing the wire
through a wire cleaning device prior to 5winding the wire onto a wire
recei ver drum The nethod may further conprise positioning the wire with
respect to the wire receiver drumby passing the wire through a wire
‘di spl acenent sensor after cleaning the wire and prior to winding the wire

onto the \éHE‘ﬂF bgg@hw lqrolr'-'rﬁ‘HElBR mNggt hod nmay further conprise, before
cutting, pvsw-t-mm-ng—t%"e—vm-re—re'gaﬁ-ve to a wire feeder drum by passing the
. h : di _ Lo y
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passed, wherein novenent of the dancer 1s In response to wre tension
det ect ed Binbadieh®, RN HeSEiphENIRIing WA leflrérdBTtol @RS laebnanliRg NistativERY
conpri se noving the dancer to increase total distance 20 travelled by the
wre to i GEWRSEINWhE Gralvgsi on when the detected wire tension is |ower than
a predeterm ned wire tension, and noving the dancer to decrease total
di st ance FrGavias bedndmyatit lastrdtios of an ebetipiag embbdimehte tHeanttinh erachine; det ect ed
wire tension is higher than the predeterm ned wire tension. 25The above
f eat ures &Y Zadaaniengpdis jlluatradiog ofve tiitting $tationrad et aaitting ewichine sf Akd 1advant ages,
will be readily apparent to skilled persons fromthe description bel ow.
BRI EF DESERS.BI$ aciemafisifupirtipn RScutting gatitarof thezuttinp endchipent flén1may be ful ly
understood and readily put into practical effect,

FIG. 4 is a schematic perspective view of a dancer and CCD laser displacement sensor of

10  the cutting machine of FIG. 1;
FIG. 5 is a schematic perspective view of a cleaning device of the cutting machine of FIG. 1,
FIG. 6 is a schematic perspective view of a first portion of the cleaning device of FIG. 5;
FIG. 7 is a schematic cross-sectional view of the cleaning device of FIG. 5; and
FIG. 8 is a flowchart of an exemplary cutting method.

15

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

Exemplary embodiments of the cutting machine 10 and component parts as well as a

method 100 of cutting are described beiow with reference to FIGS. 1 to 8.

20  As shown in FIGS. 1 to 3, the cutting machine 10 comprises a carrier 12 for supporting one
or one or more ingots 14 of a material to be cut into a number of separate components. The
cutting machine 10 also comprises a cutting station 17 which has a wire 22 configured to
act as a plurality of wires 23 for making simultaneous multiple cuts in the ingo{ 14. Cutting
is achieved by running the plurality of wires 23 against the ingot 14. The wire 22 is supplied

25  to the cutting station 17 via a first wire drum 18 and a second wire drum 20. Both the wire
drums 18, 20 may be cylindrical drums of known construction, as shown. The machine 10
may operate in a forward mode where the wire 22 is supplied to the cutting station 17 by

the first wire drum 18 acting as a wire feeder drum and received from the cutting station 17
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there shall now be described by way of non-limtative exanple only

exenpl ary enbodi nents, the description being wwth reference to the
acconpanying illustrative 5drawings. In the drawings: FIG 1 is a schematic
illustration of an exenplary enbodi nent of the cutting nmachine; FIG 2 is a
schematic illustration of a cutting station of the cutting machine of FIG
1; FIG 3 is a schematic illustration of a cutting station of the cutting

machi ne Ofo& !tﬂe%ecgiﬁd &/Ir ] druAr‘n h& ac?tin%ca%g{@ltéé. ged:?f[%rs %)rg%algﬁéc?e iH\e/e; lge\]allveli%f? @%d%?\‘/v CF% and

CCD | aser di splacenment sensor o I'n 5is

a scheml s RS 2PRGUDYRA S MY Kiind SEHER A7 BY ufleobits Qe By S0 TblvMlyfPad! ne of

FIG 1; FI emat 1 ¢ perspective view o rst portion t he

cl eani ng gRvivee rdebielddim, and Md&ived flom lﬂe%ﬁiﬁ&%ﬁti?n G7 ¥ 3ne ﬁFs? W8 run(isgw of
the cleaning device of FIG 5; and FIG 8 1S a flowhart of an exenplary

cutting mMabRQEknglae thEwM eBVEERGR! PTI ON OF THE EXEMPLARY ENMBCDI MENTS
Exenpl ary enbodi nents of the cutting machine 10 and conponent parts as well
as a ngthod 100 of cutting are described belowwith reference to FIGS. 1 to
8. 20As shown in FIGS. 1 to 3, the cutting nmachine 10 conprises a carrier
12 for supPmeang theguting, fost, heengat 14y attachgbiosa Hattoal surfab@bithe ghrriep1beioeut i nto
a nunber of separate conponents. The cutting machine 10 al so conprises a
cutting sbutanoepoky, adhesike herstha likg.rie @Rnavonmagoeredh¢ caaiet 1ass anquintedafor ty of
wires 23 for nmaking sinultaneous nultiple cuts in the ingot 14. Cutting is
achi eved Iongitudingl mpvementgelativd iot 3/ serfrorti aseemilg 18gmidris mavhe tagetier with theThe
ereZZissuRPIi_ed . _ . .

ingot 14 until the ingot 14 is correctly located above a cutting station 17 (104). The support

10  assembly 16 together with the carrier 12 and the ingot 14 are then lowered until a bottom
of the ingot 14 contacts the plurality of wires 23 in the cutting station 17 (106), as shown in

FIG. 2.

The cutting machine 10 further comprises a container 24 configured to hold a cutting liquid
15 15 such as water 15 for wetting the plurality of wires 23 during cutting of the ingot 14. A
water supply and filtration system (not shown) of known construction may be provided to
supply the cutting machine 10 with the water 15. During cutting, the ingot 14 is continually
being lowered against the plurality of wires 23 while water 15-a is flowed over the plurality
of wires 23 and the ingot 14 being cut (108), as shown by the arrows in FIG. 2. Preferably,
20  a laminar flow is maintained at all times during cutting such that cutting of the ingot 14

takes place in a laminar flow of water 15-a without submerging the plurality of wires 23.

The plurality of wires of the cutting station 17 are disposed above a top portion of the
container 24. The container 24 is configured to collect the water 15-a flowed onto the
25  plurality of wires 23 so that as the ingot 14 is continually lowered during cutting, the cut
portions 14-1 of the ingot 14 become submerged in the water 15-b in the container (110) as
shown in FIG. 3. This is achieved by maintaining the water level in the container 24 at a

height sufficient to substantially submerge the cut portions 14-1 of the ingot 14 in the water
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25 to the cutting station 17 via a first wire drum 18 and a second wire
drum 20. Both the wire druns 18, 20 may be cylindrical drums of known
construction, as shown. The nmachine 10 may operate in a forward node where
the wire 22 is supplied to the cutting station 17 by the first wire drum 18
acting as a wre feeder drumand received fromthe cutting station 17 by
the second wire drum 20 acting as a wire receiver drum and in a reverse

node wher h i.S.supplied.to t CUt.t i tation econd
Wre drum 28B4 PR bPe 2R A BhANCE ol it 1) B e
cutting s I 1 w acting as the wre
receiver hﬁﬁﬁ?ﬂg%%ﬁ$¥ﬁ§@§ﬂﬁé@%%¥F%B?’ %ggﬁé%ehgplngot 14 is attached to a
bottom surface of the carrier 12 (102) by an epoxy, adhesive, or the liKke,
in a known manner. The carrier 12 is nmounted for |ongitudinal novenent

relative B s@brﬁé&?ﬂ@ﬁﬂe&ﬁ%@r’ﬁ%é’ﬂlﬁo%gl gt MPELEEOGBES Whle b Fdbt bIRe i@t 14

until the ingot 14'is correctly |ocated above a cutting station 17 (104).

The suppony isleeids s @yl tie bRirdigOstWiRss 28 ddbve iR wakF 18b id headbhdifng, iheget 14
are then lowered until a bottom of the ingot 14 contacts the plurality of

W res 23 portibhe14uichn bg effickintipBodldd bdddage hast redudidg frdin Helauttihg prbeess i ti ng

machi ne 10 further conprises a container 24 configured to hold a cutting

| i qui d 15mbee efficientys disaipeted 1ibtof dre leedari votunid ef praterall 5-byinothewsangsne? 324ur i ng

cutting of the ingot 14. A water supply and filtration system (not shown)

of known eeneareditsithe amauyt obwalsr 6&-adtead ist kpinaflopled ovérdhe piutalitypf wireh2handlO wi t h

the water 15. During cutting, the ingot 14 is continually being |owered

agai nst t Ke RAruefdhe ingobfi4 REiNg sub I highiereceseaneray 1demeands irf fesme of ieegooting:

plurality of wires 23 and the ingot 14 beln cut %108) as shown by the

ar r owd0 i nrearitements mfether gEekine 2. apd é?ﬁ'ﬂ%ﬁ" ¥ [eofiriher ALVARCEMSEY IMtIraen ti nes
hat cutting of the ingot 14 takes place in a |am nar

during cu ng such .t
fl ow of wiﬁcb?‘g‘i@/ "&%ﬁ #fidut submerging the plurality of wires 23. The

plurality of wires of the cutting station 17 are di sposed above a top
portion of the container 24. The container 24 is configured to collect the

water 15- ft a%%%%e%nt gtaéhs%eéﬁhﬁlt ﬁh%ﬁ ¥ ﬁw C%E)géo ?f? \;[Vhlgl:I[ Ta""gf ’ Pﬁéﬁ hgot 14
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FIG 3. This is achieved by ndi talnln e mater guel Ih the conta ner 24

at a hei gBbecdiyf Hhfiend id Qosé{p%E@@ahfébé M@Hbémﬁ&?e& b el borRRhdnansutkfy 1 of
the ingot 14 in the wat

process, which results in a much greater throughput with greater cutting speeds.

Furthermore, there is significant reduction in breakage of the cut portions 14-1 or wafers as
the already cut portions 14-1 are submerged in the water 15-b such that the water 15-b
20  acts as a liquid support medium for the cut portions 14-1. Such support prevents the cut
portions 14-1 or wafers from “collapsing,” an effect that would damage them 14-1,
especially so during handling after cutting is completed. This results in a significant and
direct improvement in the prdcess throughput and yield. This becomes even more critical
with the trend towards cutting ever thinner wafers with a view to reducing kerf loss in order
25  to save the precious silicon, which forms a substantial portion of the overall cost of a silicon

cell.

It has been found that mono-crystalline materials, when sawed using diamond wire, show
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15-b while ensuring that the plurality of wires 23 remains at a distance d
of 'about 10 to 30 mm above the surface of the water 15-b in the container
24. By subnerging the cut portions 14-1 of the ingot 14 in water 15-b while
the rest of the ingot 5 14 is being cut by the plurality of wires 23 above
the water 15-b in the container, the cut portions 14-1 can be efficiently
cool ed because heat resulting fromthe cutting process is nore efficiently

00l . ‘ ; 9 P e .
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energy demands in terns o e cool I ng equi renents o e nachi ne” 10,
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has al so been established that the finish of the cut portions 14-1, which

nmay be i nsydiend Evitlehte SHIWEaRatIAGIRLE stallifie SGHERLS Yhall QRFE st WBINAQ diginBhdi shed
even at nuch higher cutting 1l5speeds, and there is no surface damage when
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greater throughput with greater cutting speeds. Furthernore, there is
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al ready cut portions 14-1 are subnerged in the water 15-b such that the

wat er 15- borgpared tosmercyystalligairgotsupport nmedi um for the cut portions 14-1.
Such support prevents the cut portions 14-1 or wafers from "col |l apsing," an
effect that woul d damage them 14-1, especially so during handling after
cutting is conpleted. This results in a significant and direct inprovenment
in the prd8daRoYhING sYHretiinish@f {ecuiiporierniss! dpbelgnwt- coslakinerthgatsclhe ingehl4 wi t h
the trend tomardsggutting ever thinner wafers with a view to reducing kerf
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portion O]:)vetrqr?e gl\r/e%laelcht rg:o?tlsotns01]‘4-16?l Ins{hllsI v%)y, the cut portions 14-1 experience more than

one pass against the plurality of cutting wires 23 so that a smoothening effect on the

surface of the cut portions 14-1 is achieved.

15  For example, a first cutting cycle may comprise the ingot 14 being lowered and cut through
to a depth of 10 mm. Depth reference is taken from the plane of the plurality of wires 23.
Keeping the plurality of wires 23 running, the ingot 14 is then retracted 6mm upwards, to a
depth of 4 mm, and again lowered to a depth .of 10 mm. In second cutting cycle, the same
ingot 14 is lowered and cut through to a depth of 15 mm. The ingot 14 is then raised 6mm

20  upwards to a depth of 9 mm, that is, 1 mm higher than the point to which it was lowered in
the previous cycle (10mm depth). The ingot 14 is then lowered again to a depth of 15 mm.
In the third cutting cycle, the same ingot 14 is lowered and cut through to a depth of 20 mm,
then raised 6mm to a depth of 14mm and again lowered to the depth of 20mm. It can thus
be observed that in each cutting cycle, the ingot 14 is cut deeper by an additional 5 mm,

25  and raised 6mm before being lowered again for further cutting. Multiple cutting cycles are

thus performed in order to cut the complete ingot 14 all the way through.

It is envisaged that the cutting cycle may comprise cutting the ingot 14 to a different
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cell. It has been found that nono-crystalline materials, when sawed using
di anond wire, show nearly the sane surface quality as those sawed using
conventional slurry-based systems. On the other hand, nulti-crystalline
materials that were sawed using di anond wire displayed nore surface danage
when conpared with the conventional slurry based systens. Evidence shows
that nulti-crystalline surfaces that were sawed using a dianond 5 wre
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Depth reference is taken fromthe plane of the plurality of wres 23.
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of 15 mm |[n the third cutting cycle, the sane ingot 14 is | owered and cut
t hrough t 6'08€ 1951¥€0f 20 nm then raised 6nmto a depth of 14nm and again
| onered to the depth of 20mm It can thus be observed that in each cutting
cycle, the ingot 14 is cut deeper by an additional 5 mm 25and rai sed 6nm
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a differe
one or more tension sensors (not shown) provided at various locations along the path of

15  the wire 22, such as at an appropriate wire guide 50, as shown in FIG. 1. A tension sensor
may comprise a suitable load cell. The load cell is able to measure the force that the wire
22 is applying onto the load cell and to transmit this as a tension reading to a control
system (not shown). Each dancer 30 is designed to be capable of rotational movement as
shown by the arrows 3 in the vertical plane, on each side of the vertical position indicated

20 by axes 4 as shown in FIG. 1.

If the control system receives a tension reading from the load cell that is below a
predetermined acceptable wire tension, this is an indication that wire tension has slackened
and that the wire 22 may become loose as a result. Consequently, the control system
25 instructs the dancer 30 to rotate in a direction that makes the wire 22 taut so as to take up
slack in the wire 22, thereby restoring proper wire tension. This is achieved by rotation of
the dancer 30 in a direction that results in an increase in the total distance traversed by the

wire 22 in the machine 10. On the other hand, if the wire 22 becomes too taut as detected

9



additional depth and raising the ingot 14 by a different distance than
given i'n the exanple above. It is also envisaged that the depth of |owering
and cutting and the distance rai sed nay vary between cycles for cutting the
sanme ingot. The depth and distances used will depend on the material of the
i ngot 14 being cut and how nmany additi onal passes are 5consi dered
sufficient for achieving the desired surface finish of the cut portions

L5 B R AL 1 BBBE0 A oy SRS P v

e
22 during as a-ver I cant ay in

the overaliyQual i) Ynd nfdif QBRI oo WPo BSHdsfie dkbalof Brolil FBSMIENE 10.

It is, there crucil a mai ntai n e wre tension wthin a 10cl ose

t ol er ance eneRAS A tanidtiRE bR dRBetioR SorWoldRior? f it @Ak Wo sNRusRbhfidurdd!td | N9
process may be achieved by providing a tension control dancer 30 on each

si de of tBerdspbhd 0Ghs With kéRioh GetdcRADYNRE tenbibh sOFBrd Coted| Bf e WifeQBnSH@NSOr S
(not shown) provided at various locations along the path of 15 the wire

22, sush am Wb temsichpPEreprs] abmtroMsysterg Lardethd Manas S awWbnfigurbd @ tdke Plateensi on
sensor may conprise a suitable load cell. The load cell is able to neasure
t he f or ce coitmualtyhandninr ealtine shreygbloyi thg cutting trbeessk okdthiseWhy, aandesiedtwisnsm t
this as a tension reading to a control system (not shown). Each dancer 30
i s desi gnéanhsioo th iscepueitskddo achievetontatent alittimpefticienty cas alwlaps\pe trgintdireedar r ows 3
in the vertical plane, on each side of the vertical position indicated 20by
axes 4 as shown in FIG 1. If the control systemreceives a tension reading

fromthe load cell that is below a )
A wire displacement sensor such as a CCD laser displacement sensor 40 as shown in

10  FIGS. 1 and 4 is preferably also provided in the cutting machine 10 for each of the wire
_ drums 18, 20. The cutting machine 10 thus preferably comprises two CCD laser
displacement sensors 40. Each CCD laser displacement sensor 40 is preferably disposed
on a wire positioner 52 that positions the wire 22 relative to each wire drum 18 or 20. Each
wire positioner 52 comprises a number of wire guides 50 configured to direct the wire 22
15 onto the wire receiver drum after cutting, and to properly position the wire 22 as it is
unwound from the wire feeder drum for cutting. Proper positioning of the .wire as it is
unwound is important since the wire drums 18, 20 are typically obtained from a wire
supplier and the supplied winding of the wire on the wire drums may not be as uniform or
even as required for the cutting operation.
20
Each wire positioner 52 is mounted on a precision guide rail 54 provided on a side wall 56
of the machine 10 and configured to move only parallel to the cylindrical axis 21 of its
respective wire drum 18 or 20. The CCD laser displacement sensor 40 detects the precise
position of the wire 22 as it unwinds from the wire feeder drum 18, 20 or winds onto the
25  wire receiver drum 20,18 respectively. Each CCD laser displacement sensor 40 comprises
an emitter 41 and a receiver 42 between which the wire 22 is passed. A series of beams
are emitted from the emitter 41 to the receiver 42 and are used to detect the exact position

of the wire 22 between the emitter 41and the receiver 42 continuously and at all times
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predeterm ned acceptable wire tension, this is an indication that wire
tensi on has sl ackened and that the wire 22 may becone | oose as a result.
Consequently, the control system 25 instructs the dancer 30 to rotate in a
direction that makes the wire 22 taut so as to take up slack in the wire
22, thereby restoring proper wire tension. This is achieved by rotation of
the dancer 30 in a direction that results in an increase in the total

di stance traversed by the wire 22 in the nmachine 10. On the other hand, if
the wire Qﬂmﬁﬁ%‘ﬁgs too taut as detected by the tension sensor, and
tension undesirably increases as a result, the dancer 30 is instructed by
the control systemto rotate in the opposite direction to reduce the wire

tension. I‘hﬁarﬁ’rfméﬂ%siﬁwgﬁh%%%i SN palvebPtitt dfie £1atnBQPC11éjE<§/E%§/Ere 39 nbs pbiis

configured to correspond to the wre tension detecte tension

sensors. GRALT A thefcokrb& (SJ%ifi@n 5RS WRB 22 ribfvel B Botheie WB oSS S2 an@fitd Ol
system and the dancer 30 is configured to take place continually and in

real -t mewirglaawghe et 20 B&ringWpktdlieh. FTEfeRBE; the Rofré&dt PodiBoh is WheRSthé Gte R 1iE
tension that is required to achieve greatest cutting efficiency can al ways
be mai nt aianikd.exdctwientee o thp CaCaEBdispRIBSBENtSEasor A9, BhelédotrbasSetentimsfitors enent
sensor 40 as shown in 10 FIGS. 1 and 4 is preferably also provided in the
cutti ng miehwinepdditiohateteetedbydhe ire disiptaeerdentrsendd 4020d cbhieolg thet movgnrent hi ne
10 thus preferably conprises two CCD | aser displacenent sensors 40. Each
CCD | aser otithepricecmsitinverS@ravde kd€p the wireedZeatdid goretict pasitiod betwenwihg emitter
positioner 52 that positions the wire 22 relative to each wire drum 18 or
20. Each ilard hegeqsivends white Berwitel £%is Wound ebleror snwapndsfreyuithtewirgdrugotl i gur ed
to direct the wire 22 15 onto the wire receiver drumafter cutting, and to
properlPy ©6349-tTingnviremesifipres 52 thugsontinually mengs @aaoftheorreeipien aride ralod@sthelr um
for cutting. Proper positioning of the wre as it is wound i s .j nportant

S et he Wi 2 16Ping Wand 986 g Bmignodin reduisammad o o B RuEa I o and
t he supplied w nding,of t wire on the wire druns, may not be as uniform or
even an”r SEUIPEE WBF22 lecht e Bpitet SRehall pheSe 8 deXBililh e Brgresd s
nounted o . Dr eGi si i de: il. 5 r.oyi . ide. wal | of .the
machi ne 1 en%'n 033'91‘?5”8%? ggé St(a gml{lﬂﬂ)‘lv‘lé'reoﬁrlegka \ér%ﬁdaeﬁ&t'age?héej&'(?ﬁﬁoﬁ ' r?q%oa{es’lélgi s 21

of itsr eﬁpﬁ'wgt\Ai/iPéQZVBé’i rq{tgmciwﬁ)fng%%\%ﬂh oﬁwé%cgﬁmﬁ a%e%?éoa\?l‘r?\gﬁngfpﬁérﬁgﬁor 40

detects the precise position o e mre as it unw nds e mre

feeder;sdr ym ding4htigh 1Wd\Ehtreeflf Bmb e pRrall Swifc8%8I ver drum 20,18
respectively. Each CCD | aser displacenent” sensor 40 conprises an enitter 41

and a receiver 42 between which the wire 22 is passed. A series of beans
are emtted fromthe emtter 41 to the receiver 42 and are used to detect
t he exact Degstibn @n ted wilee2ibyethd 2COPt laee ndisdiaceaisnt isefisof 14N tikfertiretaly ver 42

continuously and at all tines
adversely affected by the presence of water droplets on the wire 22 as well as the presence
of other foreign matter such as solvent, oil, dirt, etc., which can cause the CCD laser
20  displacement sensor 40 to send a wrong signal to the control system. Therefore, it is
essential to efficiently clean the wire 22 before it passes through the CCD laser
displacement sensor 40 so that the wire 22 is totally free of all such particles or water.
Cleaning of the wire 22 is also desirable for proper winding of the wire 22 onto the wire

drum 18 or 20 since foreign matter can obstruct proper placement of the wire on the wire

25 drum 18 or 20.

Cleaning is achieved by means of a cleaning device 60 as shown in FIGS. 5to 7. Two

such cleaning devices 60 are preferably proVided on the machine 10, with each cleaning
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during cutting. A particular position of the wire 22 between the emtter
41land the receiver 42 has been preset as the correct position of the wire
22 relative to both the wire positioner 52 and the 5 wire drum 18 or 20
during operation. Preferably, the correct position is where the wire 22 is
at the exact centre of the CCD | aser displacenent sensor 40. The control
systemnonitors the wire position detected by the wire di spl acenent sensor

d .0l he.. he wj iti 2 .k he w
22 at  t no Oetips B POFTRYRIRT el s ¥4 PeseRt i oS dtler SBPle wni | o
h ' I i : 20,~ Th -
i e posi Ero MBYBE KELECh ot Aumhent SRb R Wl B R0 af T 54

as the wi %F@%citi@atpseitt gwwmggepaaneﬁn@ Y ik Q §r NGV d &&%ﬁ gngdné)r 20.

It is critical e unw nding wre is at the correct posi

because argguéwbpd position would increase tension on the wire 22 resulting
in wire breakage, and a deviated position would also result in the wire 22
bei ng pot synchronous with or not in concert with a desired wi nding pitch
on 15the cutting station 17 to correctly formthe plurality of wres 23.

Det ect i on Taé clebsingiévice26D fayy tdrepriselvd asmiratik, eplarRepEtdnsSAN SR foghthet With
unfortunately adversely affected by the presence of water droplets on the

wire 22 as assdxal aputiitg prgedeioc attadhingt the ciehoing idgricergo tte thesmadhirgs1G olfvent |
oil, dirt, etc., which can cause the CCD | aser 20 displ acenent sensor 40 to
send a w ¢clegnisg denide GQoprefesabbyorommuibesy serdial halé61 thraugh, botit cd-axial peeinbs &1, t o
effici entlé clean the wire 22 before it passes through the CCD | aser
di spl acen#it thseuygbowhighy they winga22 paesegi Mee Xenirg hake 1| pay reempdse @l tordast h
particles or water. C eani ng] of the wire 22 is also desirable for proper
wi ndi 1§ oflermgesion fataSfirglifng /! reofiipe trstpariam &l @ showndn Rice 6f bhereitrahkale er can
obstruct gr Qgerﬁgc!dacerrent of the wwre on the wire 25drum 18 or_ 20. C eani ng
i s achi evéd 'y HEhAEMBENIEATOD it hyeySFTeY woicaly LB antiia 988, 65 fomBed. Two
Zggﬂ g: ggg«:itﬁig tgg V(‘,Ile%%lsngesc?ev%re%& raesf gﬁo%vbnl gy ermeOYr%ig(eegeg rt])Iatcpﬁfinttz-rgjl (i:nhIFrI]C?. }.OTheWI th
conically shaped annular gap 63 is preferably co-axial with the central hole 61. The
conically shaped annular gap 63 is in turn in fluid communication with an air inlet 64

15 preferably provided in a side wall 65 of the cleaning device 60.

The conical depression 62 and air inlet 64 through the side wall 65 of the cleaning device
60 are preferably provided in the first portion 71. The second portion 72 preferably
comprises an annular flange 74 for engaging a second end 71-b of the first portion 71, and
20  a central shaft 75 configured to be disposed within a central recess 76 provided in the
second end 71-b of the first portion 71. The central shaft 75 comprises a conical end 77
while the central recess 76 comprises a corresponding conical base 78. By spacing the
conical end 77 from the conical base 78, the conically shaped annular gap 63 within the
cleaning device 60 is thereby formed.
2.5
Compressed dry air is blown under pressure into the cleaning device 60 through a fitting 78
prdvided at the air inlet 64. As the compressed dry air is forced through the very narrow

conically shaped annular gap 63 into the space defined by the conical depression 62, it
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11 device 60 positioned such that the wire 22 passes through the cl eaning
devi ce' 60 before passing through the CCD | aser displacenent sensor 40 to be
mound onto the wire drum 20 or 18 acting as the wire receiver drum in
either the forward or reverse operation node respectively. 5 The cl eaning
device 60 may conprise two separable, co-axial portions 71, 72 together
‘Wwith a co-axial nmounting ring 73 for attaching the cleaning device 60 to

o T AP 0, B A5 2 B RAR AL
The N8 HRkE RRITAROTN 607 600 % Ihode RSO bRl b o
fluid co : Iu‘;‘rﬁﬁéecPBTr’(%léi‘otaon&éry mafér Fhe %B%g@méﬁ'n%% %?ﬂ%eﬁ]r?d%[:l-}é&és%p&%

formed w cl eani ng device 60, as s ckened bl ack |ines

in FIG 7serdéetoC@niafdlvatir SitRAEH @BAYI tRE istdwPsH the Afeed £ ha kel as et gt Wi th
the central hole 61. The conically shaped annular gap 63 is in turn in
fluid comamahamyifim Wet dondallabiiaped| phuléd gdd> BB ef extmbbus, BIl-Undeg60-degesi de
wal | 65 of the cleaning device 60. The conical depression 62 and air inlet
64 t hr ougbletiieg andlaryingl df tEbwiné 2P hethetetdraianigjedeMb\Cibe @kaaing dpried 60 dbfoye
provided in the first portion 71. The second portion 72 preferably
conpr i ses therwig2Ub allowWddao gessiirough ther@lyiasgr disgaeordt samdorA4D- Dheoélesrimg f i r st
portion 71, and 20 a central shaft 75 configured to be disposed within a
central rdedesodthemforeingefdrmna chisiab nolinh fondroper ppesationtnd thd meehino @ ton 71.
The central shaft 75 conprises a conical end 77 while the central recess 76
conpri seseasWD eraspe mesiign ceadingaby BreseChPdasaydispirtement sensor dpiferapredsst 77
fromthe conjcal base 78, the conically shaped annul ar ga 63 within the
cl eanilhg WEGINGLT e Wie £haplaple WHE ereived grumy thPravisian Py eéant'Y 9l80 BREHP under
pressure into the cl eaning device 60,through a fitti ng;1 778 .

drain away the water droplets and other dirt and residue away from the machine interior.

Whilst the foregoing description has described exemplary embodiments, it will be
understood by those skilled in the technology concerned that many variations in details of
15  design, construction and/or operation may be made without departing from the present
invention. For example, in the cleaning device 60, the air inlet 64 may be provided in the

second portion 72 instead of the first portion 71. The conical depression 62 may be omitted.
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provided at the air inlet 64. As the conpressed dry air is forced through
the very narrow conically shaped annular gap 63 into the space defined by
the conical depression 62, it forms a focusing annular air jet against the
wire 22 that is passing through the central hole 61, thereby rapidly drying
and cooling the wire 22, and at the sanme tine bl ow ng off any accunul at ed
particles or foreign matter. The space defined by the conical depression 62
serves to Egmkgin wat er and other debris that is blown off the wire 22, as
wel | as tﬁ%—arr jet 5 emanating fromthe conically shaped annul ar gap 63.

Cont i nuous, ﬁ?Llleér(i ice‘?fgroa' ﬁgrn?aecuﬂn Emécrﬂ%ggfﬂg é; Ebfih{;]?%\g e V\%c!ﬂﬁ;ri%@é:e 22 1s

t heref ore achi eve'géJ y the cf‘i'eanl ng dgw ce ore is allowed

to pass through yBegH¥dr Lérsiglred kS RloRAGH St eRSAFe thékethidURnCaRANi ng devi ce
60 therefore perfornms a crucCial function Tor proper operation of the

machi ne 10 to @nsHicAl BERhEhURP Fhb coMTiglRAD MeEUB Y¥in taRBuISCEY e8RS the wire _
di spl acenent sensor 40 for precise 10 wnding of the wire 22 onto the wire

recei ver dr Uassifg RRGUGIS tfNclesnifly Béwdeaidr \iedinkg diidérying the aiirg, @wadonicamy wat er
droplets and other dirt and residue away fromthe machine interior. Wil st
t he foregoi nhapedsanrufrigap béiag indgiodoninadhicatiemphdcoraxatiadtl theethtosgh hdlewi | | be
understood by those skilled in the technol ogy concerned that nmany
variations in details of 15 design, construction and/or operation may be
made wi t hout departing fromthe present invention. For exanple, in the

cl eani ng devliheeciganing Hevieg of iclainet!. duthengomeriging an diérdinieh configusasciondiresbr t i on
72 instead of the first portion 71. The conical depression 62 may be
onmtted. CLoMNVaessed diy g iptahheeprirally Tharpdanpiatidee in a cutting machi ne, the
cl eani ng device conprising: a through hole configured to all ow passage of
the wilfe therethrough; and a conically shaped annul ar gap configured to

e A R e
fluid Commqiegsqttvivé) gorﬁ(%is, g(ﬂ?s?)éél%(l)n c%rﬁph’is?ngea ci‘[err11{rglurgcbesg1 %\ﬁng a conical base, and
a second portion comprising a central shaft having a conical end, wherein the conically
shaped annular gap is formed by spacing the conical end from the conical base.
15
4. The cleaning device of claim 3 when dependent on claim 2, wherein the air inlet is

provided in the first portion.

5. The cleaning device of any preceding claim, further comprising a conical depression at

20 one end of the through hole into which the annular air jet is focused.

6. A cutting machine for cutting an ingot; the cutting machine comprising:
a carrier configured to attach the ingot thereonto;
a plurality of wires configured to cut the ingot; and
25 a container configured to flow water onto the plurality of wires and the ingot during
cutting and to submerge cut portions of the ingot in water in the container without

submerging the plurality of wires.
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2. The cleaning device of claim1l1, further conprising an air inlet
configured to direct conpressed dry air into the conically shaped annul ar
.gap. 3. The cl eaning device of claiml or claim2, wherein the cleaning
device conprises at |east two portions, a first portion conprising a
central recess having a conical base, and a second portion conprising a
‘central shaft having a conical end, wherein the conically shaped annul ar
gap is fo ase,. 4. The

O Bant ng.dovteetesFBRathe; &ev&%aew”éd%%%aecﬂwp%w%fﬂ Bt e R oo i o
is provided h 5. The cl eani ng device of any

pr ecedi ng CI%%"&Vﬁﬁﬁ%%%m h% ?%?Wﬁ‘a coni cal depression at 20one end of
the through hole into which the annular air jet is focused. 6. A cutting
machine for cutting an ingot; the cutting machine conprising: a carrier

confi gur ed tthedditiHgmbdiine SGhimt NELIRAGA Bre @ariebprsadohﬁgméé tohd RRvESHM tur ed

to cut the ingot: and 25a container configured to flow water onto the

plural sty ofingksgstotindistdige itrag8led Byrd Wile &d!irctdage am tbsicri BB t@ Aebrdhse
portions of the ingot in water in the container w thout subnergi ng t he

plurality oftotsl di€@nce traveildtibyahié ire @ deredasé thetbnsidnai m 6, further conpri sing
at | east one dancer configured to control wire tension during operation.
8. The cutting machine of claim7, wherein the dancer is configured to be
noveabl e to 5increase total distance travelled by a wire to increase wire
t ensi on, &ndTheocutiowr magiene ot daindBstugherecammaisied |at dedst ond irai tersidnosehsor ease
t he tension. :

configured to detect wire tension, wherein movement of the dancer is in response to the

10 detected wire tension.

10. The cutting machine of any one of claims 6 to 9, further comprising a wire positioner
configured to position a wire relative to a wire drum when winding the wire onto the wire
drum and when unwinding the cutting wire from the wire drum, the plurality of wires

15 being formed from the wire, the wire positioner further comprising a wire displacement

sensor configured to detect the position of the wire relative to the wire drum.

11. The cutting machine of claim 10, further comprising a control system configured to
control movement of the wire positioner in response to the detected position of the wire.

20
12. The cutting machine of claim 11 when dependent on claim 9, wherein the control
system is further configured to control movement of the dancer in response to the

detected wire tension.

25  13. The cutting machine of any one of claims 6 to 12, further comprising the cieaning

device of any one of claims 1 to 5.
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9. The cutting machine of claim8, further conprising at | east one wire
tensi on sensor configured to detect wire tension, wherein novenent of the
dancer is in response to the 10detected wire tension. 10. The cutting

machi ne of any one of clains 6 to 9, further conprising a wire positioner
configured to position a wire relative to a wire drum when winding the wre
onto the wire drum and when unwi nding the cutting wire fromthe wire drum

t he pl uraIﬁ_’tXm%{hOé/iogg%ﬁn:ggQﬁ}@% tFQHE%dfCBQ\ﬁ}Si%ﬁbe wire, the wire positioner

further conprisin acement se r-'configured to detect the

position of éh%ttéﬂ‘;hfr@ dreh &t b¥® s Qridpe Wire drum 11. The cutting machine of
claim 10, further cdnprising a control system configured to control

movenent of g_h%wgﬂﬁ?ﬂ{gq,sdoq'{%{acig LRHPURSMed;0 the detected position of the
wire. 20 12. The cuiting nachi ne o? claim 11 when dependent on claim?9,

wher ei n the ¢ORbKIAG walks bRIBhSpIlitdlit REWirdLaHd tBdI g6t duling BittinPndovenent of the
dancer in response to the detected wire tension. 2513. The cutting nachine

of anysone of. elisthéing dub pddiond o thbarigot GiTaGies withodt sibeleRay thg plewiitg of of any
one of claims 1 to 5. 14. A nmethod of cutting an ingot, the nethod
conpri si ng: wirgas. attaching an ingot onto a carrier; b. lowering the ingot
to contact a plurality of wres;

15. The method of claim 14, further comprising periodically raising the ingot during

operation such that the plurality of wires are run against the cut portions of the ingot

10 during the raising, thereby improving surface quality of the cut portions of the ingot.

16. The method of claim 14 or 15, wherein the plurality of wires are formed from a wire, and
further comprising cleaning the wire after cutting by passing the wire through a wire
cleaning device prior to winding the wire onto a wire receiver drum.

15

17. The method of claim 16, further comprising positioning the wire with respect to the wire

receiver drum by passing the wire through a wire displacement sensor after cleaning

the wire and prior to winding the wire onto the wire receiver drum.

20  18. The method of claim 16 or 17, further comprising, before cutting, positioning the wire
relative to a wire feeder drum by passing the wire through a wire displacement sensor

after unwinding the wire from a wire feeder drum.
19. The method of claim 17, further comprising controlling tension of the wire by controlling

25 movement of a dancer around which the wire is passed, wherein movement of the

dancer is in response to wire tension detected by a wire tension sensor.
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c. flowng water onto the plurality of wires and the ingot during cutting;
and 5d:. subnerging cut portions of the ingot in water w thout subnerging
the plurality of wires. 15. The nethod of claim 14, further conprising
periodically raising the ingot during operation such that the plurality of
wres are run against the cut portions of the ingot 10during the raising,
thereby inproving surface quality of the cut portions of the ingot. 16. The
et hod of 26! AlcThdiio@ e 4 1 GEldh ESrofhdl idllslohor Ble Whd Emtces hRUIEGd Tom &
wire, and Turther comprising cleaning Wre after cutting by passing the
wire througha [t DG j o ATV alel j wre
recei ver dr Bd ngleil1 C%{l\dég %@a%ﬁeﬂ! tér]rg’{sﬁag]éé gr? V@%g?%t@e&'y%tgﬂ&h%rsg Ig@ ﬁg%’f%”ﬁ’g‘eﬂ tRe

posi tioni ng §dieidd Wie Mbhdbr BSBRES tHaR 4 BRdMeMRINEE GhleY Bhsiflh URdoRAg ha1Y T he
wire through a wre displacenent sensor after cleaning the wire and prior

to winding timc thQieedhse b dikdre ra¢alied Bl i Wit t28dFeastAreBhiOHWAEN Cl ai m
16 or 17, further conprising, before cutting, positioning the wire relative

to a wsre fendastetietd WirbYer3hsd MEhdriianthé prebibleAniady RirdMehsionli Spl acement
sensor after unwinding the wire froma wre feeder drum 19. The nethod of
claim 17, further conprising controlling tension of the wire by controlling
25nmovenent of a dancer around which the wire is passed, wherein novenent of
the dancer is in response to wire tension detected by a wire tension
sensor. 20. The nethod of claim 18, wherein controlling tension of the

W re conprises noving the dancer to increase total distance travelled by
the wire to increase wire tension when the detected wire tension is |ower
than a predeterm ned wire tension, and noving the dancer to decrease total
di stance travelled by the wire to decrease wire tension when the detected
wire tension is higher than the predeterm ned wire tension.
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