PROCESS FOR NANUFACTURI NG AN EVAPORATI ON SCURCE The i nventi on relates to a
process for manufacturing an evaporation source for physical vapour
deposition, conprising a target which, in addition to.one or mnm

re further
‘conmponents, contains an al uni ni um conponent and a backi nngllllmmwmmm"mm is
connected to the target, nade froma material having bett

conductivity than the target, the target being produced by colselspressi ng a
m xture of the powdery individual conponents and subsequently formng it
at tenperatures below the nelting points of the individual conponents

while flowng until a density of at |east 98% of the theo ' mmmity
I s achi eved. Nowadays sputtering targets for physical vapom&\&mmm are
used on a large scale for nmanufacturing various coatings. el JoohiS €

extends fromthe production of wear- resistant and corrosi on-r €51 'st ant

coatings for a wide range of substrate materials to the production of
coated material conposites, especially in the sem conductor and
el ectronics industry. This broad spectrum of applications neans that a very
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The invention relates to a process for manufacturing an evaporation source for
physical vapour deposition, comprising a target which; in addition to one or more
further components, contains an aluminium component and a backing plate, which is
connected to the target, made from a material having better thermal conductivity than
the target, the target being produced by cold-pressing a mixture of the powdery
individual components and subsequently forming it at temperatures below the melting
points of the individual components while flowing untit a density of at least 98% of the

theoretical density is achieved.

Nowadays sputtering targets for physical vapour deposition are used on a large scale
for manufacturing various coatings. Their use extends from the production of wear-
resistant and corrosion-resistant coatings for a wide range of substrate materials to
the production of coated material composites, especially in the semiconductor and
electronics industry. This broad spectrum of applications means that a very wide

range of coating materials have to be deposited.



which would formbrittle internetallic phases during the conventional
- fornmation of alloys, so that such alloys can no |onger be cold or
hot-formed in practice and can only $e nachi ned down at consi derabl e
expense. Manufacturing sputtering targets fromthese alloys is therefore

very djfficult gr even inpossible. These, probl emati terials include, for
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advant ageously worked to produce sputtering targets  using the

above-Waah fqmbe@@l@.m%ﬁm@tqiwbe seg duriisthe gnyentiogglifaimation afr ps 388
752. Sputtering targets are generally fixed by mechanical neans to

wat er -allogs esb thapseach afibgs ean ino lohgerdpricoldrariypt-4grmedvin practiceand ¢aneduce t he
surface tenperature. In nost cases the sputtering target produced

conpl Qirﬂ'* Befmadhihde dorinet cnsiderdislesaxpehee edanafacturirgy gslttbiringdtitgeton t he
copper plate. Since as nuch material as possible should be atom sed with a

Sput ! Grdmdhesd §§’5gvs 5 RRerefRI Ay dﬁfﬁH%lQPér &ler MpsdiEer i ng targets made

shoul e as e as possi bl e: wever, 1t care should be taken that the
thermal resistance of the sputtering targets, which increases as the
overall height increases, does not becone too |arge, ensuring that the

surface tenperature of the sputtering targets can he kept 1o reliable
val ues! hege RRblerapls mapefefﬁs frﬁiJA%tf%W g)gqrgp oaﬁ%y%méﬁmesoz@ﬁ)%wwp have
relatively good thermal conductivity and/or a relatively high surface
t enpertikaniue, whith gan amly be advaeriageousywarked taprasgycetsputtegngyaioets are set
for sputtering targets with

using the above-mentioned process.

This process is described in detail in AT PS 388 752.

Sputtering targets are generally fixed by mechanical means to water-cooled copper
plates in the sputtering system in order to reduce the surface temperature. In most
cases the sputtering target produced completely from the material to be sputtered is

located directly on the copper plate.

Since as much material as possible should be atomised with a sputtering target, the
overall height of the sputtering targets made should be as large as possible.
However, it care should be taken that the thermal resistance of the sputtering targets,
which increases as the overall height increases, does not become too large, ensuring

that the surface temperature of the sputtering targets can be kept to reliable values.

As the majority of the materials to be atomised can either have relatively good
thermal conductivity and/or a relatively high surface temperature without any

problems, conventional sputtering systems are set for sputtering targets with



3 relatively large overall heights, with the result that using sputtering
"~ targets with smaller overall heights in these systens can be very
di sadvant ageous. I n particular, aluni¥ium which has excellent thermal
‘conductivity, is very frequently wused for coating applications using the

sputter| t echni qu . E‘Qﬁ . i : kally with
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good thermal conductivity of alumnium It then becones a problemin these
coat | $§'aleE gvaedl Rgightsdn i(ﬁﬁsfﬁ swplerascanie V%&'ﬁ%‘&&”f@&é‘l"ﬁer with materials
that have relatively poor thermal conductivity and that, at the sane tine,
must not have surface tenperatures that are too high during the sputtering
process, in order to prevent, for exanple, undesired reactions between

sever gh paeiquidre alumiafunt hehish Wasendicelieritahgehal. cofldustivity, iswerydrequently equent |y
used together with titaniumand, if applicable, additional conponents for
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Wth sputtering tlargets made o ese materials even small quantities of
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sur f add RergsrLaraa s BRI AINUR: oo can be S0 high that an
exotherm c reaction occurs, resulting in the destruction of the target.

It then becomes a problem in these coating machines when aluminium is to be

atomised together with materials that have relatively poor thermal conductivity and

that, at the same time, must not have surface temperatures that are too high during

the sputtering process, in order to prevent, for example, undesired reactions between

several components of the sputtering targets. Thus, aluminium is frequently used

together with titanium and, if applicable, additional components for coating

applications, particularly in protection against wear and tear.

With sputtering targets made of these materials even small quantities of titanium
considerably réduce the aluminium’s good thermal conductivity. Consequently, with
these sputtering targets, if they are manufactured with the overall heights usually
provided for sputtering systems, the resulting surface temperatures at high coating
rates can be so high that an exothermic reaction occurs, resulting in the destruction

of the target.

However, other materials, which are atomised together with aluminium using
sputtering targets, can also be critical and cause problems during the coating

process. Material combinations of aluminium with Ta, Nd or Y can be used for



‘However, .other materials, which are atom sed together wth al um ni um using
sputtering targets, can also be critical and cause problens during the

coating process. Material conbi nati éhs of aluminiumwith Ta, Nd or Y can
be used for 4 electronic applications for exanple, whereas for optical and
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Sn, Zn, Mo, are also  frequently used in conjunction with additional
Ti porﬂﬂ@t@ﬁgl ¢W§@9llpeﬁpf6h§n'ﬂmhﬂéd‘“t%‘d GF Bfetedueihidtedrear and tear,
where one material conmponent acts as a dry-film lubricant. To ensure that
the problens indicated are avoided as nuch as possible wth all these
critical material conbinations during coating, the deposition rate

cur r eMiateriBpcorhbin@tions e$,tfor exadplep atirainium gvithn®n,sZm,fAg, eVt Mo aretlsce from
rising too high. One possible way of reducing the surface tenperature of
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altering the overall height is by providing the part of the sputtering
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mechani cal | y connecting this backing plate to the copper plate. Processes
for nmé¥RMA uring such evaporation sources, where the backing plate is
connected to the sputtering target by soldering or diffusion bonding are
descri bed, for

To ensure that the problems indicated are avoided as much as possible with all these
critical material combinations during coating, the deposition rate currently has to be

restricted, preventing the surface temperature from rising too high.

One possible way of reducing the surface temperature of such critical sputtering
targets even at high coating rates without altering the overall height is by providing
the part of the sputtering targets in the area of the contact zone with the water-cooled
copper plate with a backing plate made of a good heat-conductive material and then

mechanically connecting this backing plate to the copper plate.

Processes for manufacturing such evaporation sources, where the backing plate is
connected to the sputtering target by soldering or diffusion bonding are described, for

example, in WO 00/22185 or in US 5 397 050.



.exanpl e, .in WD 00/22185 or in US 5 397 050. 5 It is disadvantageous with
evaporation sources nmanufactured in this way that a transition zone of
poor thermal conductivity can occur b2t ween' t he target and backing plate,
‘whi ch does not guarantee optinmum heat dissipation fromthe surface of the
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coppe enpera ure on e sur ace erlng t ar get
that is just de esults | | sadya th respect
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conductivity should be av0|ded I f possible. The object of this invention is
t her eth@ckingplaiey whigh dogs betgdampteaeplimuat heatdissipation Hpwrtaeissifagsur ce for
physi cal vapour deposition, in which the sputtering target containing

al umi rof tine sputberirentasgets istorthediastintgoplatecatd themon pitatike eooledwopper i ng a
transition zone of poor thermal conductivity. According to the invention
this thgpt I s achi eved by pressing the backing plate, which also
conprises a powdery starting material, together with the target

conponents, into sandw ched powder fractions and then formng this. In this
way an excel |l ent connection can be produced between the target material and

backi |l ate wi.t hout ,the fornmatjon of, a transitiQn zone .t oor thernmal
condudts & 19thPetidh e Surfiap! fempiieto saeh Nt i AdSlidbdiBee of "the
sputterin

P hlghegr results in disadvantages with respect to the atomisation properties, such

transition zones with poor thermal conductivity should be avoided if possible.

The object of this invention is therefore to develop a process for manufacturing an
evaporation source for physical vapour deposition, in which the sputtering target
containing aluminium components is connected to the backing plate without forming

a transition zone of poor thermal conductivity.

According to the invention this object is achieved by pressing the backing plate,
which also comprises a powdery starting material, together with the target

components, into sandwiched powder fractions and then forming this.

In this way an excellent connection can be produced between the target material and
backing plate without the formation of a transition zone with poor thermal
conductivity, so that excellent heat dissipation from the surface of the sputtering

target into the backing plate and then into the water-cooled copper plate is achieved.

As the sputtering targets are generally bolted or clamped to the water-cooled plate it

is a good idea to design the section of the target, which can thus no longer be




-target into the backing plate and then into the water-cool ed copper plate
is achieved. As the sputtering targets are generally bolted or clanped to
the water-cooled plate it is a good ifdea to design the section of the
target, which can thus no |l onger be 6 atoni sed anyway, as the backing

plate, . so that wth t raII ei S nuch whi ch can be
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wi t hout a backing plate. In order to achieve a particularly good connect i on
of t henateriglewhich ean he avapnratpd effegtivelyigs gvalable coenaiegée SprGeNing

advant ageously consist of at l|east 15 atonfo alum nium Sputtering targets
wher e targets withodit @backing lptateeal i sed in a particul arly advant ageous manner
are targets nade of 15 atonPoal um nium and 85 atonPotitanium Pure

al um nium which has excellent thermal conductivity, is suitable as a
particularly advantageous material for the backing plate of the
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zone W errra resi s can be achi eve to the mechani cal

conne n wth the water d co Iate it Jhe damage to
he. aDPEERBEEo ke ISR CEHERC paiABES Uy 3pmist eEadERst A Blomale shoul ¢
i nadvertently be oversputtered and, as a result, a certain portion of the

backi @@erqrmra is sputtered as wel | . However, as well as al um nium other
materials with good thermal conductivity, such

Sputtering targets where the invention can be realised in a particularly advantageous

manner are targets made of 15 atom% aluminium and 85 atom% titanium.

Pure aluminium, which has excellent thermal conductivity, is suitable as a particularly
advantageous material for the backing plate of the evaporation source. As aluminium
is relatively soft, a good transition zone with low thermal resistance can be achieved
thanks to the mechanical connection with the water-cooled copper plate. In addition,
the damage to the deposited coating is not too great, if the target material should
inadvertently be oversputtered and, as a result, a certain portion of the backing plate

is sputtered as well.

However, as well as aluminium, other materials with good thermal conductivity, such

as, for example, copper are also suitable for the backing plate.

A proven method for achieving flow of the material during the forming of the pressed

forging is the use of the forging process in forging presses.



as, for exanple, copper are also suitable for the backing plate. A proven
met hod .for achieving flow of the material during the fornm ng of the pressed
forging is the use of the forging prdcess in forging presses. 7 If the
target is constructed fromalumnniumtitanium for exanple 15 atontb

alumnium, and. 85 atonPotitani . carryi t or 9l r t a
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anot her nethod of form ng the pressed forgi n% while the materjial is flow ng
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manuf acturi ng process according to the invention 1is that sputtering

t ar ge4OONC tamdvds 3 iChina® penvainl wordinghles can be separated fromthe extrusion
billet. The invention will be explained in nore detail bel ow using
production exanpl es. EXAMPLE 1 A di sc-shaped evaporation source with a 63
mm di aneter and a total height of 32 nm conprising a 20 mm hi gh sputtering
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al um nium backi ng pl ate, o the sputtering target,
was nuf act ured f I ordance with the process according to
t he rﬁl?&’ﬁfq %#?%ﬁﬁt%gﬁﬁh%&},%né%gmér and titanium powder for the sputtering
target wth an average

The advantage of this variant of the manufacturing process according to the invention

is that sputtering targets with varying overall heights can be separated from the

extrusion billet.
The invention will be explained in more detail below using production examples.

EXAMPLE 1

A disc-shaped evaporation source with a 63 mm diameter and a total height of

32 mm, comprising a 20 mm high sputtering target made of 50 atom% aluminium and
50 atom% titanium and a 12 mm high aluminium backing plate, which is firmly fixed
to the sputtering target, was manufactured as follows in accordance with the process

according to the invention.

The aluminium powder and titanium powder for the sputtering target with an average

grain size of 30 pm were mixed in an asymmetric moved mixer.



-grain size of 30 pmwere mxed in an asymmetric noved mxer. 8 In a

t wo- pi ece extrusion die of a hydraulic press, which was sufficiently
oversized wth respect to the final &i nensi ons of the evapor ati on source,
the bottomof the extrusion die was first filled with pure al um ni um

powder, Wi i Qi 178, e filli
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filled with the m xed al um niunititani um powder, the_po r m_xture was
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conpact with 94%of its theoretical density. The pressed forging underwent
seconditusiotngiesvas tist filedwitbmyire @lymiségm piowsies Withi an avgragergiegi $ige @f e wi t h
a forging tenperature of approximately 200C in a total of five passes with

t he i r8fi ymcarad theoppedentiling flattemed. dihdpethedop o dtedxtrisioadib waeput ime
pressed forging was placed in a preheating furnace at a tenperature of
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i ndi vidual compression stages. No oxidation protection was required due to
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the evaporation source was nechanically processed to produce the final
di mn%@?'tﬁ?%?rgﬁp%lngyms taken of the transition zone between the
material of the

The pressed forging underwent secondary compression in a forging press with a half-
open forging die with a forging temperature of approximately 200°C in a total of five

passes with the individual components fiowing or being kneaded.

In addition, the pressed forging was placed in a preheating furnace at a temperature
of between 400°C and 450°C prior to the secondary compression and between the
individual compression stages. No oxidation protection was required due to the short
forming times and low forming temperatures, so that the secondary compression

could take place in an unknown condition.

Finally, the evaporation source was mechanically processed to produce the final

dimensions.

A metallograph was taken of the transition zone between the material of the

sputtering target and the material of the backing plate.

Figure 1 shows this transition zone magnified x 100.



sputtering target and the material of the backing plate. Figure 1 shows
this transition zone magnified x 100. 9 The absol utely honbgeneous
transition between the material of tHd sputtering target and the nateri al
of the backing plate without the formation of a troublesome internediate
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di mensi ons as jin oduc In contrast to le 1 the
evapoPadithh m%@ﬂ?b‘é rﬁﬁ‘iﬂﬂ pla tbe foupatiqn.ef %B'OPQ%@F’P%de of 50
atonPo al um nium and 50 atonPboti tam um and does not contain an al um nium
backi infephadiate teyer withtreduced tharenay sondiagtivityicandst cleady agem t he sane
production paranmeters as in Exanple 1. EXAMPLE 3 For conpari son purposes an
evaporation source conprising a sputtering target and a backing plate with
t he sane di mensions and sane material conbinations as in Exanple 1 was
produgsgzmpPpE ke Exanple 1 the evaporation source was not manufactured by
si nmul taneous processi ng of the povvdery starting materials. Rather, the

backi rked ctlve of the
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source completely comprises a sputtering target made of 50 atom% aluminium and

50 atom% titanium and does not contain an aluminium backing plate. The sputtering

target was manufactured with the same production parameters as in Example 1.

EXAMPLE 3

For comparison purposes an evaporation source comprising a sputtering target and a
backing plate with the same dimensions and same material combinations as in
Example 1 was produced. Unlike Example 1 the evaporation source was not
manufactured by simultaneous processing of the powdery starting materiais. Rather,
the backing plate was rough-worked in the same dimensions irrespective of the
sputtering target from a copper semifinished product made by melting metallurgy and
was then connected using an indium intermediate layer by bonding to the finished
sputtering target, which was made by means of powder metallurgy and which was

manufactured with the same production parameters as in Example 1.

The evaporation sources corresponding to Examples 1 and 3 were installed one after
another in an ARC evaporation plant and atomised under the same coating

conditions, which are usually used, with an ARC current intensity of 60 A



sputtering target, which was nade by neans of powder netallurgy and which
was manufactured with the sane prod¥§;ion paraneters as in Exanple 1. The
evapor ati on sources corresponding to anples 1 and 3 were installed one
after another in an ARC evaporation plant and atom sed under the sane

of a%i)@%"féffé‘@#iféiﬁ%ﬁ%??{&%ﬁﬁ# thg St bt 2% of e flhid et Y
i ndj Vi . i hus d ined. Th
ol T onPHYea Farae wafol s HRTIBRY. or oduced fol |ow ng an at omi Sati on iimo-

of approximately 2 m nutes: The evaporation source manufactured accordi ng
to the invention in accordance with Exanple 1 had a surface tenperature of
315C. The sputtering target manufactured in accordance with Exanple 2

wi t ho(thesfollowingnsurfdcat tenfpettaturds glees praduceddelidwing areatondsatiordB€.of The
evaporation source nmanufactured in accordance with Exanple 3 wth a bonded
backi pgppbamatdlf® mirkiéd.ace tenperature of 395C. The clearly higher surface
tenperapure conpared to Exanple 1 despite the fact that a backing plate

wi th the sane di nensions was used clearly shows the extrenely

di sadvant ageous effect of the indiuminternmedi ate |ayer with reduced

ther maIJhe gv%%%ggtﬁdnvgégrcgerﬁgh& agtufrc% a%ggrdpnogn% {h& invention in accordance with

Example 1 had a surface temperature of 315°C.

The sputtering target manufactured in accordance with Example 2 without a backing

plate had a highest surface temperature of 420°C.

The evaporation source manufactured in accordance with Example 3 with a bonded

backing plate had a surface temperature of 395°C.

The clearly higher surface temperature compared to Example 1 despite the fact that
a backing plate with the same dimensions was used clearly shows the extremely
disadvantageous effect of the indium intermediate layer with reduced thermal

conductivity required for the bonding.

As even a surface temperature of the sputtering target, which is a few degrees lower,
brings with it advantages as regards the atomisation characteristics, the enormous
benefit of the evaporation source according to the invention compared with previous

evaporation sources according to the prior art is proven.




-As even a surface tenperature of the sputtering target, which is a few
degrees lower, brings with it advantages as regards the atom sation
characteristics, the enormous benefild of the evapor ati on source according
to the invention conpared with previous evaporation sources according to
the prior art is proven. 11 C ai .ﬁg cess for manufacturing an
evaporation source for physical Ugbo%} position, conprising a target
which, in addition to one or nore additional conponents, contains an

al um ni um conponent and a backing plate, which is connected to the target,
consisting of a material having better thermal conductivity than the

t ar getl. Rraeessafogemaméapiyripgaiueapaigtionsaursedes physical vapour depesition,
powdery individual conponents and subsequently formng it at tenperatures
bel ow t heomedrisimpa tagehivhic, in hdditioditeiotheadr morgpadditiv salwomporfdntsyi ng unt i |
a density of at least 98% of the theoretical density is achieved, is

char act ergopffing Bnididhirit@ &ﬂﬁ&ﬁ&t@n@t@ba&mgbm&ﬁwh@ﬁn§ t&hse@bddo peandery
starting material, is pressed, together with the target conponents, into

sandw Ch?grd%?%?fsisftihg%i OBt h%%ing}tﬂﬁférftﬁéﬂﬁ’?ﬂ 'co%dugﬁ\ﬁ&gﬁénftﬁ’% target,
manuf act uriTng an-evapor ati on"source=for physi cal  vapour “depositiorf "as
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components and subsequently forming it at temperatures below the melting
points of the individual components while flowing until a density of at least 98% of
the theoretical density is achieved,
is characterisedinthat
the backing plate, which also consists of a powdery starting material, is pressed,

together with the target components, into sandwiched powder fractions and is

then formed.

2. Process for manufacturing an evaporation source for physical vapour deposition
as claimed in Claim 1, characterised in that the target comprises at least 15

atom% aluminium.

3. Process for manufacturing an evaporation source for physical vapour deposition
as claimed in Claim 2, characterised in that the target contains 85 atom%

titanium as a second component.



-aton®o al umi nifum 3. Process for manufacturing an evaporation source for
physi cal vapour deposition as cl ai rrﬁg] in Caim2, characterised in that
the target contains 85 atonte titani as a second conponent. 12 4. Process
for manufacturing an evaporation source for physical vapour deposition as
claimed in one of Clains 1 to 3, characterised in that alumniumis used as
the material for the backing pI ate 5. Process for rranuf acturi ng an
evaporatl n sou e for B{ﬁ si cal {| de 05|tf| on 8 ﬁ

d ai mé1 8 9133 a4fariing rcI’he‘( AL SPUCH %p'i’%s'%aé PPBHF EFPOS' ?/“for gi ng
in forge presses. 6 Process for manufacturing an evaporation source for
physi cal asgiimediapns of Glaimas! o 3i chagactariggdinmihat atumainiue i usedias the hat
the formng is carried out by forging in forging presses at a tenperature
of bet weematéfiaiJontine B&OKING platBr ocess for manufacturing an evaporation
source for physical vapour deposition as clainmed in one of Clains 1 to 4,
characterised in that the formng is carried out by extrusion. 8. Process
for manufacturing an evaporation source for physical vapour deposition as
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extrusion a tenperature ween 4
as claimed in one of Claims 1 to 4, characterised in that the forming is carried out

by forging in forge presses.

6. Process for manufacturing an evaporation source for physical vapour deposition
as claimed in Claim 3, characterised in that the forming is carried out by forging

in forging presses at a temperature of between 400°C and 450°C.

7. Process for manufacturing an evaporation source for physical vapour deposition
as claimed in one of Claims 1 to 4, characterised in that the forming is carried out

by extrusion.

8. Process for manufacturing an evaporation source for physical vapour deposition
as claimed in Claim 3, characterised in that the forming is carried out by extrusion

at a temperature of between 400°C and 450°C.



