-1- Method for Simultaneously Cutting a Compound Rod of Semiconductor Material into a Multiplicity
of Wafers The invention relates to a method for simultaneously cutting a compound rod of
semiconductor material into a multiplicity of wafers. Workpieces of semiconductor material are
conventionally 10 cut into wafers by means of a wiré saw. Wire saws are used in the prior art to cut
cylindrical mono- or polycrystalline workpieces of semiconductor material, for example silicon,
simultaneously into a multiplicity of wafers in one working operation. The throughput of 15 the wire saw
is in this case of great importance for the economic viability of the method. Owing to the way in which

they are produced, sNerttodnd dangrimalitaineeas1g obiaiegddn walempurshetiana2@4t is also often
necessary to cut VOdSQQJEQQ,% rom a si Lﬁ_e cri/sial . for exa o%der,to examine the crystal

i
asS the thraughpurwher sa\k‘/?n%;]‘ﬁ A& e 188 $&ths, a plurality

properties. In order then to increase the
of workpieces are to be clamped 25 simultaneously in the wire saw and cut in one working operation.

US 6119673 desoriges teslmulancous culing of a plugalip gleviigdrical orkniegss,yfich are

arranged 30 coaxiall}_/ behind one another. To this end a conventional wire saw is used? with a plurality
of workpieces adhesivety oAdedTaspectivelf o b S stdp periy Rrde withla £eftainaspacing in a
coaxial arrangemeniian alcommpndghowatiagplate, by which they 35 are clamped in the wire saw and
cut simultaneously.

Workpieces of semiconductor material are conventionally
10 cut into wafers by means of a wire saw. Wire saws are
used in the prior art to cut cylindrical mono- or
polycrystalline workpieces of semiconductor material,
for example silicon, simultaneously into a multiplicity
of wafers in one working operaticn. The throughput of
15 the wire saw 1s in this case of great importance for

the economic viability of the method.

Owing tec the way in which they are produced, shorter
and longer rod pleces are obtained in wafer production.
20 It is also often necessary to cut rod portions from a
single crystal, for example in order to examine the
crystal properties. In order then to increase the
throughput when sawing these different rod lengths, a
plurality of workpieces are to be clanmped

25 simultaneously in the wire saw and cut in one working

operation.

US 6119673 describes the simultaneocus cutting of a
plurality of cylindrical workpieces, which are arranged
30  coaxially behind one another. To this end a
conventional wire saw is used, with a plurality of
workpieces adhesively bonded respectively on a sawing
strip being fixed with a certain spacing in a ccaxial
arrangement cn a common mounting plate, by which they

35 are clamped in the wire saw and cut simultaneously.



- 2 - This gives rise to a number of packets of wafers, corresponding to the number of workpieces,
‘which are still fixed on the mounting plate. After the cutting, separating plates are placed loosely into
the spacings 5 between the packets of wafers in order to avoid confusion of the wafers of the various
‘packets. US 6802928 132 describes a method in which dummy pieces of the same cross section are
adhesively bonded onto 10 the end surfaces of the workpiece to be cut, which are cut with the
workpiece and are then discarded. This is intended to prevent the wafers obtained at the two ends of

the workpiece from fanning_out during the end_phase of the cutting, an there%ore to_improve the wafer
.H%ls Ilé% mb g té%ék(is

15 geometry. This méth &S thé Crucia %ise?dvé}rﬁltagglfhatopar & gané) enéqt‘ﬁ, Which is limited by

the dimensions ofthereiecsaw,rig used foheuttimgitie "undsedd dimimygrecesh Fanthermore the
provision, handling.and adhesive bondipg of,dumny pieces s.very 20.¢lahgrate.apd difficult to

manage. In the simultaneous cutting of a plurality of workpieces in a wire saw as described in US
6119673, the gantflRuGHt ol thePwité 3aw dSo BARREEhe GseEd 28 opfiffallysincerieln@fkpieces to be

cut have verydiffeeantdengthsrawing de tae way-n whigh dhey arg,progieiged. This problgm arises in
particular whenever the workpieces consist of monocrystalline semiconductor material, since the

known crystal pulfifd ProcELseE 36 ShiyaitGw Tertair (§abid 1&Ryhs5t1kE Systals or, in order to

monitor the crystal pulling processes - as already mentioned above - it is necessary to split the crystals

and produce test §§mgé 8 \éarngus ositions of the crystal., -.3 - DE102006050330 disclosesa
methodfor simultaneously Cl%tting at Pgeassﬁvjvg%@lir?dﬁ%%%%v%r pjl'gce%%% a%uﬁfﬂﬁlié‘iﬁ/egfevs\;/afers by
means of a wire safv, it@whigAreorgnorswerkplacas abe selectbd fiorm &y stbokde dorkpiaces, they are

fastened behind ane.agether op A mounting plate, A cepainminipugydisiance, pging maiptained
respectively between the workpieces, clamped in the wire saw and cut perpendicularly to their
Iongﬂumnalaﬂs(ﬁg6nﬂ&ﬁamthe werkpiece and are then discarded. This is
intended to prevent the wafers obtained at the two ends
of the workpiece from fanning out during the end phase
of the cutting, and therefore to improve the wafer
15 geometry. This methcd has the crucial disadvantage that
part of the gang length, which is limited by the
dimensions of the wire saw, is used for cutting the
"unused"” dummy pileces. Furthermore the provision,
handling and adhesive bonding of dummy pieces is wvery

20 elaborate and difficult tc manage.

In the simultanecus cutting of a plurality of
workpieces in a wire saw as described in US 6119673,
the gang length of the wire saw also cannot be used
25 optimally since the workpieces tc be cut have very
different lengths owing to the way in which they are
produced. This problem arises in particular whenever
the workpieces consist of monscrystalline semiconductor
material, since the known crystal pulling processes
30 only allow certain usable lengths of the crystals or,
in order to monitor the crystal pulling processes - as
already menticned above - it is necessary to split the
crystals and produce test samples at various positions

of the crystal.



10 axis) by means of the wire saw. This method allows better use of the wire gang length. In order to
avoid confusion, similarly as in the method described in US 6119673, separating pieces are inserted
laterally between he wafer packets and then fixed on the wafer 15 carrier. The separating pieces also

" protect the wafer packets against tilting away laterally. A feature common to all the known methods
is that a distance between the rod pieces is to be maintained for 20 cutting the rod pieces. It has been
found that in the methods described above, geometidcal variations of the wafers sawed from a rod of

particular length l§§sen1lalgd inghis way, ggcur 29 compared withe wafers gut from a single

semiconductor rod of corresponding length. This is to be observed even when the composite rod and
the single rod aré EeUEIFI6RG ahY theSiits YRRy uséd is Ifétore theSsantey 3DBE4iBas the thickness
variation(TTV, GRIR}theqlanariy of the-wo suifaces of the seaticerdustonwatey is of great
importance. After cutting a - 4 - for example a silicon single crystal, the wafers thirerpyeproduced have
an undulating suffaE. Mate siBseflAt'stép For EamplEgriRding T 185ping thicwaliness can be
removed padially eedully dependingoan 5 theswavetength arg ampitude oif¢he dvavirressdand the depth

of the material recgrgloval. In the worst case, such surface iiraegglaritj,es gé%da%gtions?" "Waviness"),

. ne. h 7 NT L , e
which may have egfxlod“’l‘é]fille§1 ‘St from a faewmrﬁ%nup%g fof example 50 mm, are still J(letected even after

polishing 10 on tHeé firésied sémicoaductol wWHénaherd ey & Hegativewsfett ofifthe local
geometry. The disadyantages of thejmgthods knewn from the,priaf say  and  cut
perpendicularly to their longitudinal axis (geometrical
10 axis) by means of the wire saw. This method allows
better use of the wire gang length. In order to avoid
confusion, similarly as in the method described in US
6116673, separating pieces are inserted laterally
petween the wafer packets and then fixed on the wafer
15 carrier. The separating pileces also protect the wafer

packets against tilting away laterally.

A feature common to all the known methods 1s that &
distance between the rod pleces 1s to be maintained for

20 cutting the rod pleces.

It has been found that in the methods described above,

geometrical variations of the wafers sawed from a rod

Fag

of particular length assembled 1in this way occur

t

25 compared with the walfers cut from a single

¢

semiconductor rod of corresponding length. This is to
be observed even when the composite rod and the single
rod are equally long and the wire gang used 1is
therefore the same.
30

Besides the thickness variation (TTV, GBIR), the
planarity of the two surfaces of the semiconductor
wafer 1s of ogreat importance. After cutting a

semiconductor single crystal by means c¢f a wire saw,



‘art are found to be particularly significant for the 15 bow and warp parameters as a measure of the
deviation of the actual wafer shape from the desired ideal wafer shape (or "sori"). This pertains in
particular to the warp of the wafers. The warp is defined in SEMI Standard M1-1105, and indicates the
‘difference of the 20 minimum and maximum deviations of the mid-plane of a wafer relative to a
reference plane on the backside of the wafer. Expressed simply, the warp represents a measure of the
deformation of the wafer. 25 It was therefore an objegt of the invention to avoid such geometrical

variations and, in particular, to jmprove the warp of the wafers fabricated frqm the compound rod. 30
The Inventors have ‘Ep“jisc%{(;/%hrné)d]1 ?natthegé%g%a%(r%getrigér\%aiﬁ%tioﬁg (it %ﬁefprio?ggﬁ aré %E:??E)%table to

technical processt@ettrifes whichiare duet'the spacing of tieimg pieceSaces - Thre object is achieved
by a method for s'gggg@ﬁ%ggﬁly §{:'QHI£J,_ qggfn%g% E%d 8“&%{35‘?&(’89@1 é‘%@;}ial inte aimultiplicity of

wafers by means of a wire saw, comprising the following steps: a) selecting at least two workpieces
from a stock of wKPIEEESS vitfieh Pave BESFELFREMGre 8 %ré’ééﬁﬁcgﬁﬂﬁﬂéﬁf&js?flo b) grinding

at least one af the: two enrd sudages okaach:igst i¢ermenting the aldeaskmo werkbieges together on
their ground end surfaces hy using a fastening means, 15 to produce a compound rod piece and fixing
the compound rod prace if hg SnditidftadirectBR G a mduntifg pfateS thet F8spetiively being only
a distance betweemthe:workoietesydie 1o the fastefing dndarnsilocated betweenthem! 20 d) clamping

the mounting platg it e, gompeungdoadecs fixed Ipereop p the Ml spwignd, &).cutting the
compound rod perpendicularly to its 25 longitudinal axis by means of the wire saw
example 50 mm, are still detected even after polishing
10 on the finished semiconductor wafer where they have a

negative effect on the local geometry.

The disadvantages of the methods known from the prior
art are found te be particularly significant for the
15 bow and warp paramefers as a measure of the deviation
of the actual wafer shape from the desired ideal wafer
shape (or "sori"). This pertains in particular to the
warp o©of the wafers. The warp is defined in S8EMI
Standard M1-1105, and indicates the difference of the
20 minimum and maximum deviations of the mid-plane of a
wafer relative to a reference plane on the backside of
the wafer. Expressed simply, the warp represents a

measure of the deformation of the wafer.

25 It was therefore an object of the invention to avoid
such geometrical wvariations and, in particular, £o
improve The warp of the wafers fabricated £from the

compound rod.

30 The Inventors have discovered that these geometrical
variations in the prior art are attributable to
technical process changes which are due to the spacing

of the rod pieces.



The cutting of a workpiece in step a) is preferably carried out with a wire saw. The use of an internal
hole saw is likewise suitable. 30 The fastening means used in step c) may preferably be an adhesive.
- 6 - together, are plane-parallel, allows the adhesive joint between the two rod pieces to be made as
small as possible. 5 Preferably, only rod pieces from neighboring rod positions of the same
semiconductor rod are cemented together. The two rod pieces therefore preferably have the same
crystal specification (for example defect properties, doping, etc.). 10 Preferably, exactly two rod pieces

are cemented together, Furthermore, the rod pieces are preferahly cemented 15 together while
aligning the pullig‘g1 gdgf}éjs—J fr%%kiﬁs thaeér%1 Jfl%‘éﬁsi. The rdd %é?tnﬁe%i[edt%l t}é)ﬁetﬁ}ér%?%l%?a 8@/%&?{5 a total
length of less thapurteéggaldo S8R 1We-com ot auhesierisprsferably usedagthe adhesive.
For example, highspgriormance, twgseomporentadhgsives.ofihe Ataiditg brgnd fromsEuntsman

Advanced Materials are suitable for this. Lastly, the compound rod is cut up into wafers by means of a
wire saw. The wireP8&Wwirj-8tepritselffis Leiiéd dut B2BSrding to the prior art. 30 The compound rod is
preferably grgund round before the wire sawing step. It is, however, likewise preferable to grind the
workpieces round;befoee shey are assembled torfesm the cempesnd rodm Whes sawing.d single crystal
into individual rod pieces, it is conventi%nal cut to the geom}etricglraxis. Subseguengy,r%owever, the
individual rod pie¥&S (AftEFGiientatiBnf 4re £8KTentisitally grotnd b0Rd patalleltd the crystal axis. The
difference betweernrihie gedmettical@xis and the crystal axis results in a corresponding tilt of the end
surfaces, which is corrected by corresponding right-angled grinding of the end surfaces.

10 b)) grinding at least one of the two end surfaces of

each rod;

¢) cementing the at least two workpieces together on
their ground end surfaces by using a fastening means,
15  to produce a compound rod piece and fixing the compound
rod piece in the longitudinal direction on a mounting
plate, there respectively being only a distance between
the workpieces due <to the fastening means located
between them;
20
d} clamping the mounting plate with the compound rod

piece fixed thereon in the wire saw; and

e} cutting the compound rod perpendicularly to 1ts

25 longitudinal axis by means of the wire saw.

The cutting of a workpiece in step a) is preferably
carried out with a wire saw. The use of an internal

hele saw is likewise suitable.

30 The fastening means used in step c} may preferably be

an adhesive,

Grinding the end surfaces sc that the two end surfaces

of the at least twe workpieces, which adhesively bond



10 The situation is differentfor workpieces which previously occupied neighboring positions in the
single crystal. Here, it is also conceivable and preferable to obviate grinding the end surfaces and for
the 15 workpieces to be assembled into a compound rod before grinding them round, i.e. to grind the
workpieces round in the composite. Assembling rod pieces to form a compound rod without 20 using
separating pieces, and subsequent sawing, results in an even higher economic viability compared with
the prior art since the use of the wire saw is further improved. 25 On the other hand, the compound rod
according to the invention behaves similarly as a single-rod in the sawing process. The geometrical

variations observedl jn.the prior art ¢an pe avoided. 30Preferably, the followi ocedure is adopted in
detail: round. After%rind%ng' round,Et)he roda%laéce*ceiﬁg ’suﬁgecl?g %/ré%?ou%%waé% ggéfi g&urg%gle setting
with respect to theetweer. the two rod pieces to be made as small as

possible.

5 Preferably, only rod pieces from nelghboring rod
pesitions of the same semiconductor rod are cemented
together. The iwo rod pieces therefore preferably have
the same crystal specification (for example defect
properties, doping, eic.).

10

Preferably, exactly two rod pileces are cemented

together.

Furthermere, the rod pieces are preferably cemented
15 together while aligning the pulling edges {(making them

fiush}.

The rod cemented tcgether preferably has a total length

cf less than or equal to 380 mm.

20
L two-component adhesive 1s preferably used as the
adhesive. For example, high-performance two-component
adhesives of the Araldite brand from Huntsman Advanced
Materials are suitable for this.

25

Lastly, the compeund rod is cut up intc wafers by means
of a wire saw. The wire sawing step itself is carried

out according to the prior art.

30 The compcound rod is preferably ground round before the
wire sawing step. It is, however, likewise preferable
to grind the workpieces round before they are assembled

to form the compound rod.



crystal axis and orientation setting. The two end sides 5 of the rod piece are then exactly parallel to
one another; b) The rod pieces prepared in this way are stored and made available to a planning
system for assembly. The 10 planning system determines the optimal configuration for maximal use of
the gang length and suggests this for the preparation of a compound rod; c) The selected rod pieces
are prepared for the 15 cementing: i.e. cleaning the positions to be cemented, applying the cement in
a defined layer thickness (for example by means 6f & serrated spatula), alignment by means of a
cementing devic%gasseml%lx and fixing the %'ilgket gllusglt 29 ce;r.‘Lnnetncging.axlndcljL fixing a:[he sawing strip and

finally curing the a ﬁgsivg; d]) §awfr119 the ¢ mpound rod by means of the vﬁ%éjsa\fv; 25 Detecting

the cementing positfote § embving terfienvand separating tietrods Thagodgsieres ate preferably

provided beforehgnd withsa Gomespending marking on the, lateralsurfacs for thg purposesof material
identification. 30 Example -9-. original semiconductor rod) were cemented together and "wafered",

i.e. cut into wafer$2by Wire SAWIG:2Fd S erffi"& ro PRGSO n tHE SEtE ndiound
5

5 parallel to the crystal axis. The difference between
the geometrical axls and the crystal axis results in a
corresponding tilt of the end surfaces, which 1is
corrected by corresponding right-angied grinding of the
end surfaces.

i0
The situation 1is different for workpieces which
previcusly occupied neighboring positions in the single
crystal. Here, it is also conceivable and preferable to
obviate grinding the end surfaces and for the
15  workpleces te be assembled into & compound rod belcre

grinding them round, i.e. to grind the workpleces round

in the composite.

Assembling rod pieces to form z compound rod without
20 using separating pleces, and subseqguent sawing, results
in an even higher economic viability compared with the
prior art since the use of the wire saw 1s further

improved.

b
9]

On the other hand, the compound rod according to the
invention behaves similarly as a single rod in the
sawing process. The geometrical variaticns cbserved in

the prior art can be avoided.

30 Preferably, the fcllowing procedure 1s adepted in

detail:

a) First the workpieces, possibly of different lengths,

cut from =z crystal by means of a bandsaw are ground



5 ground round, was sawed into 2 rod pieces with lengths of 97 mm and 91 mm respectively. The two
rod pieces were cemented together with a two-component adhesive of the Araldite brand on the end
faces and in alignment with the correct pulling edges. 10 This "compound rod" was subsequently
ground round and sawed by means of a wire saw using zinc wire into wafers, and fully analyzed. 15
An advantage in this case is that the Araldite brand two-component adhesive used can be sawn
through. In the example, the rod orientations for the two rod pieces were the same. 20 Essentially the
workpieces are selected from a stock of workpieces,%ossibly of different lengths, so that the gang
length of the wire-gawds used optimally. Since no separating pieces are used, the adhesive joint
between the assembled workpieces is minimal and the capacity of 25 the wire saw is therefore utilized
better, which furthef fifcrédsEathRprodidtivity &fthe préceds EofpaPRsd with tRE Biordit A
conventionalre sawanay betused dz thenaethoth3@ aceardingstowthernverdtionc The @sséntial
components of therses\ggf sgggsqinc%u&jeog ma%c;hér:le fr}:;,\mseé a&fﬂ{warchfl%e(%g(ﬁvi%g Oangi% gzélwing tool,
which consists oFa}éang of pa'“r"éllgl Wire sections. The Woﬁ<b|ege' is generally fixed on a mounting plate
and clamped witle ft intthe - 19 wiressaw. AT genéhdthewiretdang®fiheé Wire shw isfotmed by a
multiplicity of pargligl. wire sections, which are 5 tensioned between at least two (optionally even 3, 4 or
more) wire guide rolls, the wire guide rolls being rotatably mounted and at least one of the wire guide
rolls being driven. The wire sections generally belong to a single finite wire, which is guided spirally 10
around the roll systernand-sanposngSrarm ecsieek ralonte asregeiver kall. Fhegangdangth refers to

the length of the wire gan easured in the directian parallel to the axes of the wire guide rolls and
perpendicularly tg%% wﬁ‘géslg:?i%i\%, frém ‘%he%r%%mg Syslcem ter assem%YVy. Hhe

10 planning system determines the optimal configuration
for maximal use of the gang length and suggests this

for the preparation of a compound rod:

¢} The selected rod pieces are prepared for the
15 cementing: i.e. cleaning the positions to be cemented,
aprlying the cement in a defined layer thickness [(for
example by means of a serrated spatula}, alignment by
means of a cementing device, assembly and fixing the
packet flush,
20 cementing and fixing the sawing strip and finally

curing the adhesive;
d) Sawing the compcound rod by means of the wire saw;

25 e) Detecting the cementing pesition, removing cement
and separating the rods. The rod pieces are preferably
provided beforehand with & corresponding marking on the
lateral surface for the purpose of meterial
identification.

30
Example

In order to use the wire gang length in wire saws as

efficiently as possible, two rod pieces (from the same



~15last wire section. During the sawing process, the forward feed device induces a mutually opposite
relative movement of the wire sections and the workpiece. As a consequence of 20 this forward feed
movement, the wire, on which a sawing suspension is applied, works through the workpiece to form
parallel sawing kerfs. The sawing suspension, which is also referred to as slurry, contains hard
material particles for example of silicon carbide, 25 which are suspended in a liquid. A sawing wire
with firmly bound hard material particles may also-beyused. In this case, Lt is not necessary to apply a

sawing suspension., It is merely necessary to su a liquid cooling lubricant, which protects the wire
and the 30 Workp%&:fJ éﬁgms? %@éﬁ%&%ﬁfégﬁd §fpﬁl|¥e SAME tiﬁ%ﬂ?zﬂ% 8)rt‘é%&r{kﬁ?ercea§1 arf away from

the cutting groovés.a Becamipound ¢od srayiconsistdiea mategakthat caaiengrocessed by means of a
wire saw, for example poly- or monocrystalline semiconductor material such as silicon. In the case of
monocrystalline silicon, the workpieces are generally produced by sawing an essentially cylindrical
silicon single crystal ifto'érysiaf piec&SWitR ¥tehgthiof $fohi S8Veral Berititfetéistto sevefal tens of

centimeters.sThedpinimymriengt) of.a erysiakpiecs is generally s rrcEheworkpieces; Her example 10
the crystal pieces consisting of silicon, generally have very different Iegﬁths but always the same cross

section. The terncylindrical” & Hbt i b&Thterprated Ay ehning that tHE whrkpidsESTHtist have a
circular cross sectiore Rathentheiworkpietes maythave 15the shapeof anydieneiakzedfcylinder,

althoug_h the app i%ag.io&paffgﬁti__%:/‘enggn do yor?né%ceg nv%itréi%ggljsndgggllc&ss $lc%g§ Elraltpr_eferred. A
generalized cylinder is a body whic |s%oun. ed by a cylinder surface with a closed directrix curve and
two parallel 20 plaaés, itdiehedasrcsuitades bEtrRaednder. The compound rod is preferably fastened
not directlygfn the mounting plate, but first on a so-called sawing strip or sawing support. The
workpiece is generally

This "compound rod" was subsequently ground round and

sawed Dby means of a wire saw using zinc wire 1into

wafers, and fully analyzed.

15 An advantage in this case 1is that the Araldite brand
two-component acdhesive used can be sawn through. In the
example, the rod orientations for the two rod pieces

were fLhe same.

20 Essgentially the workpieces are selected from a stock of
workpieces, possibly of different lengths, so that the
gang length c¢f the wire saw is used optimally. Since no
separating pieces are used, the adhesive joint between
the assembled workpieces is minimal and the capacity of

25 the wire saw 1is therefore utilized better, which
further increases the productivity of the process

compared with the prior art.

L conventional wire saw may be used in the method
30 according to the invention. The essential components of
these wire saws include a machine frame, a forward feed
device and a sawing tocol, which consists of a gang of
parallel wire sections. The workpiece 1s generally

fixed on a mounting plate and clamped with it in the



25 fastened on the sawing strip by adhesive bonding. The mounting plate is clamped with the
compound rod fixed thereon in a wire saw, and cut into wafers simultaneously and essentially
perpendicularly to its 30 longitudinal axis. - 12 - Fig. 1 schematically shows two workpieces 11 and 12
‘assembled to form a compound rod 1, an adhesive joint 2, a sawing strip 3 and a mounting plate 4. 5
The workpieces 11 and 12 are assembled with a two-component adhesive to form a compound rod 1.
The fabrication accuracy of the end surfaces, on which the two workpieces are adhesively bonded
together, allows the adhesive joint 2 to be selected as small as 10 possible. The workpieces 11 and 12
[=] aW. . .
assembled to form a compound rod 1 are cemented onto a sawing strip 3. The compound rod 1
comprising the two workpieces 11 and 12 and with the sawing strip 3 is fixed on a mounting 15 plate 4

e e ™
a multiplicity o¢f parailel wire sections, which are
5 tensioned between at least two {opticnally even 3, 4 or
more} wire guide rolls, the wire guide rolls being
rotatably mounted and at least one of the wire guide
rolls being criven. The wire sections dgenerally belong
to a single finite wire, which is guided spirally
10  around the rcll system and is unwound from a stock roll
onto a receiver roll. The gang length refers to the
length of the wire gang, measured in the direction
parallel to the axes c¢f the wire guide rolls and
perpendicularly to the wire sections, from the first tc

15 last wire section.

During the sawing process, the forward feed device
induces a mutually opposite relative movement of the
wire sections and the workpisce. As a consegquence of
24 this forward feed movement, the wire, on which a sawing
suspension is applied, works through the workpiece to
form parallel sawing kerfs. The sawing suspension,
which 1s also referred to as slurry, contains hard
material particles for example of silicon carbide,
25 which are suspended in a liquid. A sawing wire with
firmly bound hard material particles may also be used.
In this case, it is not necessary to apply & sawing
suspension. It is merely necessary to supply a liguid
cooling lubricant, which protects the wire and the
30 workpiece against overheating and at the same tTime
transports workplece swarf away from the cutting

rooves.

The cylindrical workpieces, which are assembled to form



20 the invention (column 3). Three values of three different quantile values are given for each
parameter: thus, Wav_max 97.7% = 6.29 pm/mm means that 97.7% of the wafers have a Wav_max of
25 56.29 pm/mm or less, etc. A significant improvement over the prior art is found for virtually all
studied parameters and quantile values. 30 The geometry of the wafer in the saw's forward feed
direction is determined, for example, by a scanning capacitive sensor pair. First, the difference of the
front- and backside signals is taken. In order to -d- determine the waviness, a window with a length of

10 mm is passed over the evglujgti n curve thus obtgingg. The maximurgl dt%vail%tiogawithin the window
e

generates a new valUe Tor the winddw %%Hte??ﬁhlnsg boxcar fil%ar}:negs.l’?‘ greatest élevlloaetion

(peak-to-valley (P¥PaRitisiathe enirsssare bver thdigafeais théWaemals reaX (A/4av nddx). The
Waviness in is dgtermined:in,the; same dashionshut anlyihe dirst30 meyofthe scanwire saw incision

region) are considered (similarly to this: 10Way out). Bow and warp represent a measure of the

deformation of thE"wafef. \WaRs isthe BBRT 6F e frakdmEmdevi&ioh (Uptfard dntPdGiRfard) of the
neutral fiber of therkb entbawafarfromareteseneeplangfthreendimensional).essentially

cylindrical silicon single crystal into crystal pieces
with a length of from several centimeters to several
tens of centimeters. The minimum length of a crystal
plece 1is generally 5 cm. The workpieces, for example
10 the c¢rystal pieces consisting of silicon, generally
have very different lengths but always the same cross
section. The term “cylindrical™ is not to be
interpreted as meaning that the workpieces must have a
circular cross section. Rather the workpieces may have
1% the shape of any generalized cylinder, although the
application of the invention to workpleces with a
cylindrical cross section is preferred. A generalized
cylinder is a body which 1is bounded by a cylinder
surface with a closed directrix curve and two parallel

20  planes, it.e. the base surfaces of the cylinder.

The compound rod is preferably fastened not directly on
the mounting plate, but Zirst on a so-called sawing
strip or sawing support. The workpiece 1s generally

25 fastened on the sawing strip by adhesive bonding.

The mounting plate is clamped with the compound rod
fixed thereon in a wire =saw, and cut into wafers
simultanecusly and essentially perpendicularly to its

30 longitudinal a=xis.

The invention will be explained below with the aid of

figures.



- 14 - Table 1 Tested Parameter (Minimum avg., Sigma) Comparative examples (Prior art) Results
Compound Rod (Invention) Way_max 2.3% Way_max 50.0% Way max 97.7% 5.13 pm/mm 12.94

pm/mm 56.29 pm/mm 2.80 pm/mm 7.96 pm/mm 22.73 pm/mm Wav_in 2.3% Way in 50.0% Way in
97.7%

...12‘...
Fig. 1 schematically shows two workpieces 11 and 12
assembled to form a compound rod 1, an adhesive joint

2, a sawing strip 3 and a mounting plate 4.

5 The workpieces 11 and 12 are assembled with & two-
component adhesive to form & compound rod 1. The
fabrication accuracy of the end surfaces, on which the
two workpleces are adhesively bonded together, allows
the adhesive Jjoint 2 to be selected as small as

iC¢ possiblie.
The workpieces 11 and 12 assembled to form a compound
rod 1 are cemented onto a sawing strip 3.
The compound rod 1 comprising the two workpleces 11 and
12 and with the sawing strip 3 is fixed on & mounting

15 plate 4 and clamped in a wire saw.

Table 1 shows various comparative values of gecmetrical
parameters for assembled rod pileces according to the

prior art {column 2) and for compound rods according to

20 the invention {(column 3).

Three values of three different gquantile values are
given for each parameter: thus, Wav max 87.7% = 6.29
pum/mm means that 97.7% of the wafers have & Wav_max of

2%  56.2% um/mm or less, etc.

A significant improvement over the priocr art 1is found
for wvirtually all studied parameters and guantile

values.

30
The geometry of the wafer in the saw's forward feed
direction 1is determined, for example, by a scanning
capacitive sensor pair. First, the difference of the

front- and backside signals is taken. In order to



3.30 pm/mm 11.72 pm/mm 56.29 pm/mm 2.52 pm/mm 4.44 pm/mm 11.89 pm/mm Wav_out 2.3%
Way_out 50.0% Way out 97.7% 2.87 pm/mm 6.41 pm/mm 17.23 pm/mm 1.52 pm/mm 5.37 pm/mm
22.66 pm/mm GBIR 2.3% GBIR 50.0% GBIR 97.7% 13.19 pm 16.10 pm 45.28 pm 11.75 pm 15.84 pm

"25.14 pm LSR 2.3% LSR 50.0% LSR 97.7% 4.83 pm/mm 13.09 pm/mm 34.75 pm/mm 4.78 pm/mm
7.81 pm/mm 18.95 pm/mm

_13_
determine the waviness, a window with a length of 10 mm
is passed over the evaluation curve thus obtained. The
maximum deviation within the window generates a new
value for the window center (rolling boxcar filtering;.
5  The greatest deviation ({peak-to-valley (BV)) within the
entire scan over the wafer 1is the Waviness max
(Wav_max). The Waviness_in 1s determined in the sane
fashion, but only the first 5C mm of the scan {wire saw
incision region) are considered (similarly to this:

i0 Wav_cut).

Bow and warp represent a measure of the deformation of
the wafer. Warp is the sum of the maximum deviation
(upward and dowhward) of the neutral fiber of the
15 entire wafer from & reference plane {three-

dimensionall}.



BowANarp 2.3% BowANarp 50.0% BowANarp 97.7% -5.59 pm -1.65 pm 1.96 pm -3.80 pm -1.64 mm
0.40 pm Linear Shape Range (LSR) corresponds to the sum of the 5 maximum deviations of the

neutral fiber of a scan in the saw's forward feed direction from a straight reference line

“(two-dimensional). GBIR, formerly also referred to as TTV, corresponds to 10 the total thickness

variance(difference between thickness maximum and minimum). For example, the measuring
instrument MX 7012 (High Resolution Thickness angs;Surface Profiler for as-sawn 15 Wafer) from E+H

Eichhorn+Hausman

Is suitable for determining said geometrical parameters. - 15 - determined once

for a single rod (F’FSP sembled from individual workpieces), a compound rod according to the
invention and a rod assembled from workbieces according to the prior art (separated from one

specification ang

another, with sepdesieg Pacametal Heooymbativehexaampldsnpth of 38(ResHithe same ¢rystal

tHMinimumwravgation. A sigdfidangirtiprovement in GampawngiRasution js
Sigma) (invention)

Wav_max 2.3% 5.13 pm/mm 2.80 pm/mm
Wav_max 50.0% |12.94 pm/mm 7.96 ym/mm
Wav max 97.7% [56.29 um/mm 22.73 ym/mm
Wav_in 2.3% 3.30 pm/mm 2.52 ym/imm
Wav_in 50.0% 11.72 pm/mm 4 44 ym/mm
Wav in 87.7% 56.28 um/mm 11.88 um/mm
Wav_out 2.3% 2.87 ym/imm 1.52 pm/imm
Wav_out 50.0% 6.41 ym/mm 5.37 pym/mm
Wav out 87.7% 17.23 ym/imm 22 .66 ym/mm
GBIR 2.3% 13.19 ym 11.75 um
GBIR 50.0% 16.10 pm 15.84 um
GBIR 97.7% 45.28 um 25.14 um
LSR 2.3% 4 .83 ymimm 4,78 pmimm
LSR 50.0% 13.08 ym/mm 7.81 ym/mm
LSR 97.7% 34.75 ym/imm 18.95 um/mm
Bow/Warp 2.3% -5.59 ym -3.80 pm
Bow/Warp 50.0% |-1.65 um -1.64 mm
Bow/Warp 97.7% 11.96 uym 0.40 ym

10

Linear Shape Range

maximum deviations of the neutral fiber of a scan

the saw's

forward

{LSR}

fead

direction

corresponds fto the sum of the

from a

straight

reference line (two-dimensional).

GRIR, formerly also referred to as TTV, corresponds to

the total thickness variance {difference between

thickness maximum and minimuom) .

For example, the measuring instrument MY 7012z (High

EResoluticn Thickness and Surface Profiler for as-sawn

Wafer:! from FE+H Eichhern+Hausmann is suitable for

determining said geometrical parameters.

Alsc, the warp distribution (guantile wvalues in %

against warp number in pm) of the cut wafers was



10 found compared with the assembled workpieces in the prior art. This confirms that, during wire
sawing, compound rods according to the invention do not behave like single rods assembled from
workpieces. 15 For orders with a demanding warp specification, the invention therefore makes it
possible to produce a multiplicity of wafers from compound rods, which have a relatively narrow
distribution of the "warp" geometrical parameter at a comparatively low level. 20 Fig. 2 shows the
distribution of the Wav_max parameter likewise fer a xod assembled from two workpieces according to
the prior art and adg%gpngunqa:od aécgoridér%g tg the invention é{vhi h is also a%%efggle(% from two 25

. ine (819 sing.:e r not gssge OTH .
workpieces but according to the invention these aregsepara?ed from one“anothér only By a fastening

means (two-comparkntisdizesive)r Miheawas) max valuas-aredespectaehp reliregentedtfioe seven lots of
workpiece A and workpiece:B i, the, vicinity of the,cementing,30,805ition of warkpiecgs fyand B. After

the cutting, a lot comprises a plurality of wqfers which are subsequently received in cassettes (wafer
boxes) ("split lotsH° TH&' abmhax valtié periFRet WasdeferRTine86r eaRAHE S shbws!the bonding

position 35 of cerpepting Positian betveen thel workoieees-Aand B Hior thensompeaying red. in the

double rod accor |Q9 to the pr#?r art, there is a giasiance between the lots Al and El. The workpieces 5

5 eér t?l%rﬁearecggr%en edsﬁeacc}ezrfé%ﬁ%ll&%ncaenﬁong %%e gﬁgﬁner ona

are not cemented togetfie, ra

sawing strip. A signifieabtjump in the Wav max value is found between lots Al and 31 for the double
rod according to

A significant improvement in the warp distribution is
10 found comparsed with the assembled workpleces in the
prior art. This confirms that, during wire sawing,
compound rods according to the invention do not behave

like single rods assembled from workpleces.

1h For corders with a demanding warp specification, tThe
invention therefore makes it possible to produce a
multiplicity of wafers from compound rods, which have a
relatively Narrow distribution of the "warp"

geometrical parameter at a comparatively low level.
20

Fig. 2 shows the distribution of the Wav _max parameter
likewise for a rod assembled from two workpieces
according to the prior art and a compound rod according

to the invention, which is also assembled from two

B
4]

workpieces but according tc¢ the invention these are
separated from one ancther only by a fastening means
(two-component  adhesive). The Wav_max values are
respectively represented for seven lots of workpiece A
and workplece B 1in the wicinity of the cementing
3¢ position of workplieces A and B. After the cutting, a
lot comprises & plurality o©f wafers which are
subsequently received In <cassettes (wafer Dboxes}
("split lots™). The Wav_max wvalue per wafer was
determined for each lot. 5 shows the bonding positiocn

35 or cementing position between the workpileces A and B



the prior art. Such a jump in the waviness does not 10 occur in the compound rod according to the
invention after the sawing: the waviness values of lots Al and El are virtually identical, which illustrates
the advantage of the method according to the invention. 15 Lots (not represented in the figure)
following lot E7 show higher Wav_max values. The higher guantile values indicated in Table | are
thereby also explained. Such a rise in the waviness, however, also occurs in single rods and is not a
focus of attention in the scope of 20 this invention. Fig. 2 relates only to the profile of the waviness in
the region of the ttamsitiba efonmpkpieterAs@nd workpiece B. For orders with a demanding waviness
specification, the 25 invention therefore makes it possible to produce a multiplicity of wafers from
compound rods, which have a relatively narrow distribution of the "waviness" parameter (cf. Table 1),
in particular whileZavoitiagdhejdmpobseaved indthegpriar artia the regioamdf the 38rsondkng position of
the assembled warkpieces, as shawn.ip Fig.2 ~17 3 Pﬁen% Ig:lai@f, 1.Meth9qd Rrb ﬁigncuétsaneously
cutting a compound rod of semiconductor material into a mu tlﬁicny of wafers %y means of a wire saw,
comprising the folé®intCstepemnen e deleetif§ 2t feast b svorkpiere s fironrastodicss workpieces,

which have been cut fiom oheQramore d0semiconductarrads; R)-grinding at least,one of the two end
surfaces of each rod; c) cementing the at least two workpieces together on their ground end surfaces

by using a fastenmg meamss te praducpaasompound:tod piecerand fixing.tbe compeung od piece in
the longitudinal direction on mou ing plate, there res ecti\{\él eing only a distance hetween the
workpieces due t(%) ?r%é" %&snterlﬁ?}%“’mggn%‘%dga%eld k%é) Wete"gethg 17°204) I(?Pa(f’néhg?ﬁgjrﬁgun‘t%g plate with
the compound rodthe prior art. Such a Jjump in the waviness does not

10  occur in the compound rod according to the invention
after the sawing: the waviness wvalues of lots Al and Bl
are  virtually identical, which illustrates the

advantage of the method according to the invention.

15 Lots (not represented in the figure} following lot B7
show higher Wav _max values. The higher gquantile values
indicated in Table 1 are thereby also explained. Such a
rise in the waviness, however, also occurs in gingle
rods and 1s not a focus of attention in the scope of

20  this invention. Fig. 2 relates only to the profile of
the waviness in the region of the transition of

workpiece A and workpiece B.

For orders with a demanding waviness specification, the
25 invention therefore makes it possible tc preduce a
multiplicity of wafers from compound rods, which have a
relatively narrow distribution of the Twaviness"
parameter (cf£. Table 1), in particular while aveoiding
the jump observed in the prior art in the region of the
30 bonding position of the assembled workpieces, as shown

in Fig. 2.



piece fixed thereon in the wire saw; and e) cutting the compound rod perpendicularly to its longitudinal
‘axis by means of the wire saw. 25 2. Method according to Claim 1, wherein a workpiece is cut in step
a) with a wire saw or an internal hole saw. 3. Method according to Claim 1 or 2, wherein workpieces
"30from neighboring rod positionsof the same semiconductor rod are cemented together. - 18 - 5.
Method according to one of Claims 1 to 4, wherein the workpieces are cemented together while
aligning the pulling edges (making them flush). 5 6. Method according to one of Claims 1 to 5, wherein
the rod cemented together has a total length of less than or equal to 380 mm. 10 7. Method according
to one of Claims JPt%G, \évhe#ein the fastening means is an adhesive for cementing the at least two
workpieces togethear.e%. N ﬁ’oxasaccording to Claim 7, wherein the fastening 15means is a
two-component adhesive for cementing the at least two workpieces together. 9. Method according to

one of Claims 1 to SM/(!’h %&n Qwoercosqggggg rrlcegd IS groupd {QUQd before the wire sawing 20step
according to e). 10. eﬁwo according to one St Ciaims ‘ﬁo\sl, wheTeil e Wor piéc?é’s ar already
ground round*before 3ay ape dissembled te forai thencompoundirotb licity of wafers

by means of a wire saw, comprising the following

steps:

a)l selecting at least two workpieces from a stock of
workpieces, which have been cut from one or more
10 semiconductor rods;
b) grinding at least one of the two end surfaces of
each rod;
c) cementing the at least two workpieces together on
their ground end surfaces by using a fastening means,
15 to produce a compound rod pilece and fixing the
compound rod piece in the longitudinal direction on a
mounting plate, there respectively being only a
distance between the workpieces due to the fastening
means located between them;
20 d) clamping the mounting plate with the compound rod
piece fixed thereon in the wire saw; and
e} cutting the compound rod perpendicularly to its

longitudinal axis by means of the wire saw.

W8}
[$2)
o

. Method according to Claim 1, wherein a workpiece 1is
cut in step a) with a wire saw or an internal hole

Saw.

3. Method according to Claim 1 or 2, wherein workpieces
30 from neighboring rod positions of the same

semiconductor rod are cemented together.

4. Method according to one of Claims 1 to 3, wherein

exactly two workpieces are cemented together.



25 11. Method according to Claim 10, wherein the grinding of the end surfaces according to b) is not
carried out, and the workpieces are assembled to form a compound rod before grinding them round, if
the 30workpieces occupied neighboring rod positions in the original semiconductor rod. - 19 - a
defined angle setting with respect to the crystal lattice and orientation setting, so that the end surfaces
of the workpieces are exactly parallel to one another. 5 13. Method according to one of Claims 1 to 12,
wherein the workpieces are provided with a corresponding marking on the lateral surface for the
purpose of material identification. 10 14. Compounrd 1éd,-containing at least two workpieces of
semiconductor material bonded together on the parallel end surfaces, which behaves substantially as

a single rod of se@jclqgghlggorargggeg@i,n%otta}gssg%bleﬁ 15,fram warkpieces, when being,cut into a

multiplicity of wafers by means of a wire Saw, in particular with the distribdtion gf%ﬂénwérr?values of the
wafers made from thEGCORpEGRE rotk diffesms dRBCANSuEstantaly flokd theawagr valpes ¢ the wafers

20obtained from a single:rod. 194 &ampeund rod aeeardingto,Claim 14, wherein the Waviness max
parameter of the wafers cut from a first workpiece, in the region of the end surface cemented 25

together with®an end surface of a second workpiece, differs only insubstantially from the Waviness

max of the wafersscutifroma @ seconehwarkpiece: likewise indhedegionokthe.end surfaeg cemented

together with the end surface of the first workpiece. ~ ‘
rod cemented together has a total length of less than

or equal to 380 mm.

i0 7. Method according to one of Claims 1 to 6, wherein the
fastening means 1is an adhesive for cementing the at

least two workpieces together.

8. Method according to Claim 7, wherein the fastening
i5 means 1s a two-component adhesive for cementing the

at least two workpleces together.

9. Methed according to one of Claims 1 to 8, wherein the
compound rod is ground round before tThe wire sawing

20 step according to e).

10. Method according to one cof Claims 1 to &, wherein
the workpleces are already ground round before they

are assembled to form the compound rod.

25
11. Method according to Claim 10, wherein the grinding
of the end surfaces according to b} 1s not carried
cut, and the workpieces are assembled to form a
compound rod before grinding them round, if the
30 workpieces occupied neighboring rod positions in the

original semiconductor rod.

12, Method according teo one of Claims 1 to 11, wherein

the two end surfaces of the workpieces are ground at



~30 16. Semiconductor wafer, cut from a compound rod according to Claim 14 or Claim 15 by means of
a wire saw.

_19....,
a defined angle setting with respect to the crystal
ilattice and orientation setting, so that the end
surfaces of the workpieces are exactly parallel to

one another.

13. Method according to one of Ciaims 1 to 12, wherein
the workpleces are provided with & corresponding
marking on the lateral surface for the purpese of
material identification.

10

14. Compound recd, containing at least two workpleces
of semiconductor material bonded together on the
parallel end surfaces, which behaves substantially as

- a single rod of semiconductor material, not assembled

15 from workpieces, when being cut into a multiplicity
of wafers by means of a wire saw, 1n particular with

the distribution of the warp values of the wafers

made from the compound rod differing only
insubstantially from the warp values cof the wafers

20 obtained from z single rod.

15. Compcound rod according to Claim 14, wherein the
Waviness mex parameter of the wafers cut from a first
workpiece, in the region of the end suriace cemented

25 together with an end surface ¢f & second workpiece,
differs only insubstantially from the Waviness max of
the wafers cut from a second workpiece, likewise in
the region cf the end surface cemented together with

the end surface of the first workpiece.

16. Semiconductor wafer, cut from a compound rod
according to Claim 14 or Claim 15 by means of a wire

Saw.



