2 ' of -a wafer. The present invention is based 047Q5646"3~
I-nsi ght t hat-, if knovihis Shaai Hug Bedn: msdons are used, - mafFQa
are frequently obtained vvh ﬁ - S

crusts forgr 9glmyrsthard
contam nated wafers and wre saw par
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det eri or at esSafvn.ng sespenelons amd methodnfosuspditsing. wafers from drhe
obj ect was t ggg he to devel op a saw ng suspensi on during the use of
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L The invention relates to a sawing suspension
5 which is composed of an essentially nonaqueous liguid in
which hard-material particles are dispersed. The sawing
suspension is used in conjunction with a wire saw for
cutting wafers from a crystal of brittle and hard
material.

10 .Wire saws are used, for example, in order to
divide silicon crystals into thin wafers. A sawing
suspension, referred to as slurry, which is transported
from the saw wires to the crystal is used in this process
as an agent with abrasive'action. The saWing suspension

15 is composed of. hard-material particles which are
dispersed in a liquid. Sawing suspensions with an oil
base and with an agqueous. base are already known.

From EP-686 684 Al it emerges that it 1is
disadvantageous to use an oil as liquid for the sawing

20 suspension. The reason for this is, in particular, that
the cleaning of oil—contaminated parts of the wire saw
and of the wafers is very expensive. A sawing suspension
which has an aqueous base and which should contain water-
soluble polymers is therefore proposed.

25 According to- JP-4218594, if an aqueous sawing
suspension is used which contains certain glycols and
thickening agents, the extent of the superficial damage
to the wafers caused by the cutting operation is reduced.

US;4,853,140- describes how the choice of an

30 aqueous cooling lubricant favorably influences the shape
(geometry) of silicon wafers if the silicon wafers are
cut from a crystal with a sawblade using a cooling
lubricant.

If a wire saw is used as sawing tool, care has

35 also to be taken that the cut wafers have as flat lateral.
surfaces as possible, which surfaces should, in addition,
also lie parallel to one another. Deviations from this
ideal shape are typically quantified by measuring the
thickness variation (TTV wvalue) and the sag (warp value)



phgnbdena do not occur. . The invention relates to a saw ng
suspension 15 which is conposed of an essentially nonaqueous liquid in

whi ch hard-nmaterial substances are di spersed, and wherein t he
nonaqueous liquid is selected froma group -of conpounds  whi ch

conpri ses | ow- nol ecul ar - wei ght pol ygl ycol s and any desired m xtures
of said conpounds. 20 The invention also relates to a nethod in
whi ch t heosawni wgfeuspension is used in conjunction with a wire saw

for cutting wafers frq@eagﬁ%/%%@e ghrggitg_ghe agw?bggég on Eﬁéerii[@i\-%?ters

The sawi ng suspension’i’s ) articular, for cutting
havi ng | arge 8hatet dfskapwat spwifig SUSPESGLeMS Waeh Us&fbrd to the geonetry

of the cut waters, — ya¥aed LR8 $2WNEnTUSPERERINHS whSRd GRIRTLY il
achi eved .which s at |east equivalent 'to the result which is

achi eved RhenYBERtA§EEGER&Nsi ons based on oil are used. 30 Conpared with
agueous sawi ng suspengir@@ts t h€ophOPOSLEm  hardemded Sugpensidl peird,ts
| onger periOdgoggéaﬁghtlyTh%ontaminéted wafers and wire saw parts can.
be cleaned only with difficulty,
- the geometry of the wafers obtained sometimes
10 deteriorates after repeated use of a sawing suspension.
The object. was therefore to develop a sawing
suspension during the use of which such disadvantageous
phenomena do not occur. '
The invention relates to a sawing suspension
15 which is composed of an essentially nonaqueous liquid in
which hard-material substances are dispersed, and wherein
the nonaqueous 1liquid is selected from a group of
compounds which comprises low-molecular-weight
polyglycols and any desired. mixtures of said compounds.
20 The invention also relates to a method in which
the sawing suspension is used in conjunction with a wire
saw for cutting wafers from a crystal of brittle and hard
material.
The sawing suspension is suitable, in particular,
25 for cutting wafers having large diameters of at least
150 mm. With regard to the geometry of the cut wafers,
when the sawing suspension is used, a result is achieved
which is at least equivalent to the result which is
achieved when sawing suspensions based on oil are used.
30 Compared with aqueous sawing suspensions, the proposed
sawing suspension permits longer periods of use. The
crust formation is considerably reduced. Residues of the
sawing suspension can be removed with water without
special effort. Furthermore, the sawing suspension is
35 notable for good environmental compatibility since the
proposed liquid components are not toxic and are
biodegradable. .
It has emerged that'aqueous sawing suspensions



crust ‘formation is considerably reduced. Residues of the samﬁnb
suspensi on can be renoved with water w thout special effort.
Furthernore, the sawi ng suspension is 35 notable for good environnental
conpatibility since the proposed | igqud d- conponents are not toxic and
are bi odegr adabl e. It has energed that agueous saw ng
suspensi ons : - 3- are suitable for
use only overarenpswitabbéy £bortuse quky odwvesf wcomparsdaisaly headhantpi dly

| ose water dupbP@ods of time because they rapidly lose water during

. their use and hard-material particles settle. When

sawing from silicon crystals, this water loss is

5 accelerated because chipped silicon splits water into

hydrogen and oxygen with the development of heat. As a.

consequence, - silicon dioxide, which incrusts hard--

material particles settling with it, is also formed. 1In

addition, troublesome foam formation sets in as a result

10 of the gas formation. These circumstances dltimateiy

have the effect that the geometry of cut wafers no longer

meets the requiremeﬁts even after a comparatively short
period of use of the aqueous sawing suspension. _

The absence of water is therefore particularly

15 important for a fairly 1long, successful use of the
proposed sawing suspension. However, a small amount of
up to 5% by weight of water, relative to the weight of
the sawing suspension, can be tolerated, for example, if
the presence of water is attributable to the hygroscopic

20 nature of the liquid used to prepare the sawing
suspension. A nonaqueous liquid is wused which is
selected from a group of compounds which comprises low-
molecular-weight polyglycols and any desired mixtures of
said compounds, the viscoéity'of the liquid preferably

25 being 50 to 800 mPa-s at 20°C. The preferred molecular
weight of the compounds is in the range from 75 to 150.
Preferred are propylene glycol, dipropylene glycol,
triethylené glycol and low-molecular-weight polyethylene
glycols and mixtures of the said compounds. Particularly

30 preferred is dipropylene glycol. _

To prepare the sawing suspension, the hard-
material particles are dispersed in the liquid, the haxrd
materials mentioned in EP-686 684 Al preferably being
used. A particularly preferred hard material is silicon

35 carbide. _ '

The sawing suspension may be replaced after a

certain number of sawing operations. It is also possible

to renew initially only a part of the sawing suspension



their ‘'use and hard-material particles settle. When sawi ng friom
silicon crystals, this water loss is 5 accel erated because chi pped silicon

splits water into hydrogen and oxygen with the devel opment of heat. As
a - consequence, silicon dioxide, whieh4incrusts hard-- mat eri al
particles settling wwth it, is also fornmed. In addi tion, troubl esone
foamformation sets in as a result 10 of the gas formation. These

ci rcumst ances ail tiegatl@lry intenvale + he ef fect that the geometry of cut
wafers no | onger ool | PerEROhoEC BB rRUSRA ST B ROMRA'A bYhY
short peri od ,of use of the aqueous saw ng suspensi on.
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| ong, SucceS%fhlél huﬁqciqf Thaehard r@é@@@ﬁsﬂs&@wr@p@w@sn&y%e royeyer, a
smal | ano g 8 9§?gﬁt of, mate rela |ve % Ee melght of
t he samﬁng Beng€# 8RS S&ﬁﬁ H% t& &Gy, é nﬁ?%o ??ra e E¥r eS8nce
of water is abireiflextadilye utd tilredhygr oscopic.20 nature of the liquid
used to prepare the saw ng suspensi on. A nonaqueous liquid is
used which is )



sel ected froma group of conpounds which conprises | ow :
nmol-ecul ar - wei ght pol ygl yéol s and any desired m xtures of sai d
conmpounds, the viscosity of the liquid preferably 25 being 50 to 800
mPa[err]s at 20[err]C. The preferred moBeeul ar wei ght of the conpounds
Is in the range from75 to 150. Preferred are propylene glycol,

di propyl ene gl ycol, triethylene glycol and | ow nol ecul ar - wei ght
polyethylenePateqﬂyﬁkﬂkm%md m xtures of the said conmpounds. Particularly

30 preferr eq.h' s di perP)é'd%}l?lgg' ¥G8bension which K% PiRRPddIecFaZaAg
suspension, the hard mat'eri al “particles are dj spersed én t he l|9U|d

the hard 9RaeS i Ll e MOTGBIEAUS EPIeEE-Gsana whiehe BRAYY-BRFRGHL2

used. A part igastaird ded =i diepeiaed, ﬁﬁzh%&'ledh tﬁesnbnﬁqaeaﬁs taghideis
The sawi n suiﬁfn3|q£dgg§gbe rep Iace? after certain nynger f sawi ng
oper ati orts. sTpPECUP © CP@PQHWQ% QﬁqR/?ﬁW Par tO8F the

saw ng suspensil@rular- welght polyglycols and any desired mixtures of
said compounds.
2. The sawing suspension as claimed in claim 1
wherein the nonaqueous liquid is selected from a group of
10 compounds which comprises propylene glycoi, dipropylene
glycol, triethylene glycol and low-molecular-weight
polyethylene glycols and mixtures of the said compounds .
3. - The sawing suspeﬁsion as claimed in claim 1 or 2,
wherein the nonaqueous liquid has a wviscosity of 50 to
15 800 mPa-s at 20°C. -
4, A method for cutting wafers from a crystal of
brittle and hard material using*a'wire saw and a sawing
suspension which is composed of an essentially nonaqueous
liquid in which hard-material particles are dispersed,
20 wherein the nonaqueous liquid is selected from a group of
compounds which comprises low-molecular-weight
polyglycols and any desired mixtures of said compounds.
5. . The method as claimed in claim 4, wherein. the
nonaqueous liquid is selected from a group of compoundé
25 which comprises propylene glycol, dipropylene glycol,
triethylene glycol and low-molecular-weight polyethylene
glycols and mixtures of the said compounds. '

* c L L s *



-4 " at regular intervals. It is furthernore preferred to _
wor k. up a spent sawi ng suspension and.t.o.remve the hard materials from
the Liquid. The hard naterials may optionally be reused. 5 |n disposing of

the liquid, its biodegradability is preferably util fﬁl% SHEET HAS BEEN
REPLACEB '

Abstract: _

The invention relates to a sawing suspension
which is composed of an essentially nonaqueous liquid in
which hard-material particles are dispersed. The liquid
is selected from a group of compounds which comprises
low-molecular-weight polyglycols and any desired mixtures
of said compounds. The sawing suspension is used in.
conjunction with a wire saw for cutting wafers from a
crystal of brittle and hard material.

Sheet Has Been Re laced

T
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Ll ained in claiml1l or 2, wher ei n t he nonaqueous |iquid

has a viscosity Qrf 50, to . ,
he invention relates to a sawing suspension

which is composed of an essentially nomaqueous liquid in
which hard-material particles are dispersed. The sawing
suspension is used in conjunction with a wire saw for

cutting wafers from a crystal of brittle and hard -

material.

Wire saws are used, for example, in order to
divide silicon crystals into thin wafers. A sawing
suspension, referred to as slurry, which is transported
from the saw wires to the crystal is used in this process
as an agent with abrasive action. The sa&ing suspension
is composed of. hard-material particles which are

dispersed in a liquid. Sawing suspensions with an oil .

'base and with an aqueous. base are already known . .

From EP-686 684 Al it emerges that it is
disadvantageous to use an oil as liquid for the sawing
suspension. The reason for this is, in particular, that
the cleaning of oil-conﬁaminated parts of the wire saw
and of the wafers is very expensive. A sawing suspension
which has an aqueous base and which should contain water-
soluble polymers is therefore proposed.

According to JP-4218594, if an aqueous sawing
suspension is used which contains certain glycols and
thickening agents, the extent of the superficial damage
to the warers caused by the cutting operatlon is reduced.

US-4,853,140 describes how the choice of an

aqueous cocoling lubricant- favorably influences the shape
(geometry) of silicon wafers if the slllcon wafers are
cut from a crystal with a sawblade using a cooling
lubricant. '

If a wire saw is used as sawzng tool care has
also to be taken that the: cut wafers have ‘as flat lateral
surfaces as possible, which surfaces should, in addition,
also lie parallel to one another. Deviations from this
ideal shape are typically quantified by measuring the
thickness variation (TTV value) and the sag (warp value)



15 "800 mPa[erris at 20[err]C. 4. A method for cutting wafers from

arcrystal of

brittle and hard material using a wire saw and a saw ng

suspensi on which is conposed of an essential | y“nonaqueous liquid in
whi ch hard-+material particles are dispersed, 20 wherein the nonaqueous

liquid is selected froma group of conpounds  whigch conprises
| ow- nol ecul ar - wei ght pol ygl ycol s and any desir edREPK |
compounds. 5. The method as claimed in clai R EA EWEN _ F '
nonaqueous liquid is selected froma group of conpogingls 25 which cpnprises
propyl ene gl ycol, dipropylene glycol, triethyl en _dl@/cﬁﬁﬂdm

xtures of the spid

| ow nol ecul ar - wei ght pol yet hyl ene gl ycol s and

conmpounds.

SaWing suspension and method for cutting wafers from a crystal

Abstract: .

The invention relates to a sawing suspénsion
which is composed of an essentially noﬁaqueous‘liquid in
which hard-material particles are dispersed. The liquid
is selected from a group of compounds which comprises
low-meclecular-weight polyglycols and any desired mixtures
of said compounds. The sawing suspension is used in.
conjunction with a wire saw for cutting wafers from a
crystal of brittle and hard material. '



