- 1 - SPUTTER TARGET ASSEMBLIES HAVI NG A CONTROLLED SOLDER THI CKNESS
Field of the Invention [0001] This invention relates to the field of
sputter targets. In particular, this invention relates to nethods of
attachi ng backing plates to sputter targets with a bonding foil so as
to forma sputter target assenbly utilized in the physical vapor
deposition of films. Background of the Invention [0002] Cathodic
sputtering is a wwdely utili-zed neans for the deposition of thin

| ayers of materials onto substrates. Generally, this process requires
a gas ion bonbardnment of the target having a face fornmed of a desired
material that is to be deposited as a thi*n“filmor layer on the
substrate. lon bonbardnent of the target not only causes atons or

nol ecul es of the target natefPHTITES FARSEE! PEEBMBLBES | nparts

consi derabl e thermal erl&#§ NG A t HRNTREPIGHRD SOLREMSHICKNERSSI pat ed by
use of a cooling fluid typically circul ated beneath or around a
backing pl ategt | heat exchange relation with the
target. [0003FT%Z&LE? Bﬂﬁug?ﬁgﬁglggrt of a cathode assenbly which

t oget her wuthlaﬁoéihode rhipgl dAswgnracanrevatadt ee thanbéeléhaf
contains an i Bt e@ascapeelel by ghoehcufall OBpYA! LAGERELEA! Lbtates
field is applied across The cathode and anode. The 1nert gas is

i oni zed by cokPi BEBRCAFt Rt REtaredngohackiegt rafeentoherehERsde.

Positively chghggdrgagitana BBﬁdéhér§8£§d550aéh€océbgﬁd§ 8pdrtEpon

| mpi ngenent with the target surface, _ -
target assembly utilized in the physical wvapor

deposition of films.

Background of the Invention

[oo02] Cathodic sputtering is a widely utilized
means for the deposition of thin layers of materials
onto substrates. Generally, this process requires a
gas ion bombardment of the target having a face formed
of a desired material that is to be deposited as a thin
£ilm or layer on the substrate. Ion bombardment of the
target not only causes atoms or-melecules of the target
material to be sputtered, but imparts considerable
thermal enexrgy to the target. This heat is dissipated
by use of a cooling fluid typically circulated beneath
or around a backing plate that is positioned in heat
exchange relation with the target.

{0003} The targeﬁ forms a part of a cathode assembly
which teogether with an anocde is placed in an evacuated
chamber that contains an inert gas, preferably argon.

A high voltage electrical field is applied across the
cathode and anode. The inert gas iz ionized by
collision with the electrons ejected from the cathode.
Positively charged gas ions are attracted to the

cathode and, upon impingement with the target surface,



di sl odge the target material. The dislodged target materials traverse
t he evacuated encl osure and deposit as a thin filmon the desired
substrate that is normally | ocated proxi mate the anode. (0004]In
conventional target cathode assenblies, the target is attached to a
non- magneti ¢ backi ng plate. The backing plate holds the sputter
target in a sputtering chanber and al so provides structural support
to the sputter target. The backing plate is nornally water-cooled to
carry away the heat generated by the ion bonbardnment of the target.
Magnets are typically arranged beneath the backing plate in

wel | - known di spositions in order to f orm% e above- not ed magneti c
field in the formof a | oop or tunnel extending around the exposed
face of the t&igdedd0dds Itrrgate Materdeti -ev&hsodd stlissiaed taxget

el ectri cal cor&{a%fétrﬁqtéﬂm&éﬁet %geetev%%att@% RacKig R A& dpRRle

menbers are commonly attached to each ot her use of sol dering,
brazi ng, diff & én ifidm erafiengesdpedy e Ghajy tis

i nter] 0cki NG aAAN yrAEAIea pHAS BN SelRc! ed is dependent on
the characteristics of the joined materials and on the desired

properties and®f4dact erdifstiRyemttiomalt dagoretasseiode. JEeUHLies

sol dering tecf&mﬂeqw%ﬁg%ttwy Galtlatndd Itz @d Ho@ InRigh e ileHaeiBaRe it te .

sputter targe way of exanple, pure nickel (Ni) and N -based
al | oys, such & ryqﬁé Bledco i oaﬁfse theo FPuESprafdEehdged al | oys,

such as FeTa, s@@&e&ﬁd@:@ﬂanﬁélﬁ %rﬁpléﬁ.'sfo Rl idRd Gerhasedadl yport
such as CoCr and CrPt. The tar |sty|cally bonded ;to the

backi ng pl at e 5%y "RSafP-<F §81r§‘ Whl Tor Kia¥e PAaTS £ FOFBR Yof
about 140 to watadr-c2Ed S'erCh:a&i‘yl BfiayMthien helaith geg@tdated by the
tin-silvercopper. P_&l} of t i’ et and bg{ckl ng Plate to.su

t enperatures t¢ “4& gfﬂg&ﬁ'ﬁtl SRR BT TR CAFFECt
the target m erosiowet uueeleal%unrnzﬂmr ba@rﬂntgomlaael amgevedllf-kammce in

t hermal expan |o I, pertl es, bet ween f par e and
differenti al %ar E’Og&r%tlr ACt | onorlr:gy o&Euir® W% kngt egla""(%@%ll Eic
Patent No 5, 23@64@2)1rr ¢lhat o oﬁoladépopon:ch lttgmaxeipabdtendu@ggetromda

backi ng pl ate tar %5 ee(%u%tceu%% (M P Y o] g:erl ng operation. The
on

solder is wette e confronting sides of the
[0005] In order to achieve good thermal and

electrical contact between the target and the backing
plate, these members are commonly attached to each
other by use of soldering, brazing, diffusion bonding,
clamping, epoxy cements, or with interlocking annular
members. - The technique selected is dependent on the
characteristics of the joined materials and on the
desired properties and characteristics of the target
assembly.

[oo0s6] The soldering technique is typically utilized
to join a ferromagnetic sputter target, by way of
example, pure nickel (Ni) and Ni-based alloys, such as
NiFe and NiFeCo; pure iron (Fe) and Fe-based alloys,
such as FeTa, FeCo and FeNi; pure cobalt (Cc) and Co-
based alloys, such as CoCr and CoCrPt. The target is
typically bonded to the backing plate by means of a

solder which may have a melting point of about 140 to



backing plate and the target, subnerging the backing plate and
target in a solder bath and subsequently pressing the wetted parts
I nto contact. [0008] Koeni gsnann et al (U. S. Patent No. 6,708,870 E2)
di scl oses a conbi nation of solid-state bonding and securing a target
insert to a backing plate with a filler netal surrounding the
perimeter of a cooling or backing plate. [0009] ohhashi et al (U S
Patent No. 5,693,203) discloses the use of solid state bonding to
avoi d the high pressure and tenperatures typically required for
di ffusion bonding. This patent describes pressing a netal foi
bet ween a backing plate and a sputter féﬁgét to forma solid state
bond. [0010] The present invention provides several advantages over
the rel ated akE0°th S&ah &§ dnditwe times &dn-ileadnt can tpnowildesry
sol der bondi ngJpehn Gy T UANEHN Ay cald 8ARE nBopdiaRe gy |
between the targét and the backing plate™and igniting Saife to produce
enough ener gy SHEPnEEfmREH@ tegege £ CaBisilite dr o efraige Prafd epaciiongn
plate. M ni mal-pAgaticngha9f dfttct the t3SRMIM reseR8eiyed antdihger
process allows the solder |ayer_ thickness to be carefully qontrolled_
[ 0011] Anot her S55] &6t tdr tRE IS dddferempentinofiies™ed SHRPANGECR t ar get
assenmbly W t hphainle@f Ml @@ ve@Rl @hicdl diakRess pand surRbel Gnd

magnetic | eakage flux. ~[0012] O her objects and aspects of the
pr esent differential part contracdtion may occur.
[0D07] Vascak et al (U.S. Patent No 5,230,462)

relates to solder bonding a sputter target to a backing
plate for subsequent use in a sputtering operation.

The solder is wetted onto the confronting sides of the
backing plate and the target, submerging the backing
plate and target in a soldexr bath and subsequently
pressing the wetted parts into contact.

[0008] Koenigsmann et al (U.S. Patent No. 6,708,870
B2) discloses a combination of solid-state bonding and
securing a target insert to a backing plate with a
filler metal surrounding the perimeter of a cooling or
backing plate.

[0008] Ohhashi et al (U.S. Patent No. 5,693,203)
discloses the use of s0lid state bonding to avoid the
high pressure and temperatures typically required for
diffusion bonding. This patent describes pressing a
metal foil between a backing plate and a sputter target
to form a solid state bond.

{0010} The present invention provides several
advantages over the related art. 1In particular, the
present invention provides a solder bonding technique
including the application of bonding foil between the
target and the backing plate and igniting same to
produce enough energy to melt the solder applied to the
target and backing plate. Minimal heating of the



invention will become apparent to one of ordinary skill in the art
upon review of the specification, drawi ngs and cl ai ns appended
hereto. Summary of the Invention [0013] According to one aspect of the
invention, a method of formng a sputter target assenbly is provided.
The met hod includes the steps of: providing a backing plate having a
top surface, and pre-wetting the top surface with a solder |ayer;
providing a sputter target having a bottom surface, and pre-wetting
the bottom surface with a solder layer; introducing a bonding foil,
bet ween the backing plate and the sputter, target, wherein the bonding
foil is an ignitable heterogeneous stratified structure for the
propagation of an exotherm c reaction; pressing the backing pl at e and
the sputter t8?§§ngggéﬁhépsﬁﬁﬂeﬁgﬁFﬁiﬁgetﬁéoﬁﬁﬁﬂiﬁb19UPIF e solder

t her ebet ween tgyaRl thaednkendtbhBesehdetuh @yetonbrbieehlacki ng pl ate
with the solder |layer on the sputter target w thout affecting the

mi crostruct ur 408114 at nBBSLRET RBICEH: PEr thEr BEESPREt hBVEBFAERI & 5P

the sputter targetidasserblyet| 8844hbiyageendansechnt Paggethastaspatt
of the invention, sputter target, a backing ﬁlate and_a bondi ng

a
foil, disposeBPhEkREER PRE BYERPRYLEI REENgRICt AE25PIRL E+YFar get, i s
provi ded. Thegbording fothekrsobiebts andi gapeabkechetrReogeBeeHS
stratified sttuctuge for.&?e rogagation of an exoth rniﬁ,reaction En
order to bond™t'RE"Ssphtt & aPéS? B0 PRBTBREKFRGCPPalt RFEADREY Skil
af fecting thein chestaructipor sevikat agésshef speispuht eont adgatringst he
formation of %h sputter targgtdagse |ly. Brief Description of the
g?T d%a

Drawi ngs [ 00 e 6Bfe3Pgean Vah 3ges of the invention wll

beconme apparent for the follow ng detail ed description of the

exenpl ary enbgg%ggggsokhgﬁgoinbgngggﬂeption with the acconpanying

drawi ngs wher i ke features and i n which:

[ 0016] Fi gure 10Pp33% schamapidingots eret#speot tfiethe invention, a
method of forming a sputter target assembly is
provided. The method includes the steps of: providing
a backing plate having a top surface, and pre-wetting
the top surface with a solder layer; providing a
sputter target having a bottom surface, and pre-wetting
the bottom surface with a solder layer; intreducing a
bonding foil, between the backing plate and the sputter
target, wherein the bonding foil is an ignitable
heterogeneous stratified structure for the propagation
of an exothermic xeaction; pressing the backing plate
and the sputter target together and igniting the
bonding foil, therebetween to melt and bond the solder
layer on the backing plate with the solder layer on the
sputter target without affecting the microstructure or
flatness of the sputter target in the formation of the
sputter target assembly. ‘

[0014] In accordance with another aspect of the
invention, a sputter target, a backing plate and a
bonding foil, disposed between the backing plate and
the sputter target, is provided. The bonding foil is



press set-up and the target assenbly conponents therein; [0017]Fi gure
2 is a schematic of the press platens being brought together and
pressuring the sputter target assenbly therebetween; [0018]Figure 3
is a schematic of the final sputter target assenbly manufactured by

t he process of the present invention; [0019]Figure 4A is a graphical
representation of the solder |ayer thickness and range for a N 300
nm target assenbly manufactured in accordance with the present
invention as conpared to the related art, whereas Fig. 4Bis a

graphi cal representation of the standard_.deviation in said sol der

| ayer thickness; and [0020] Fig. 5A deplcPs t he non-symmetric nagnetlc
| eakage flux in a related art target assenbly; whereas Fig.

depi cts the s?HnéﬁFFEaPéénQ?FErPQSESQESfFE%agFfaeﬁaF5€Pcﬁ§§§n§Py the

according to bh Oga@a&@ah bivaat kRBthermbc- rBaLRE LA i Rescakpt E8Nbeha

the Invention L 21] The present invention RFOVIdeS a pl anar
e sp tter target to the backing plate without
affecting the microstructure or flatness of the sputter

target in the formation <f the sputter target assembly.

Brief Description of the Drawings

[0015] The objects and advantages of the invention
will become apparent for the following detailed
description of the exemplary embodiments thereof in
connection with the accompanying drawings wherein like
numbers dencote like features and in which:

[o016] Figure 1 is a schematic cross section of the
press set-up and the target assembly components
therein;

{oo171] Figure 2 is a schematic of the press platens
being brought together and pressuring the sputter
target assembly therebetween; ‘

[o018] Figure 3 is a schematic of the final sputter
target assembly manufactured by the process of the
present invention; '

[oco1ls] Figure 4A is a graphical representation of
the solder layer thickness and range for a Ni 300 mm
target assembly manufactured in accordance with the
present invention as compared to the related art,
whereas Fig. 4B is a graphical representation of the
standard deviation in said solder layer thickness; and
[0020] Fig. 5A depicts the non-symmetric magnetic
leakage flux in a related art target assembly; whereas
Fig. 5B depicts the symmetric magnetic leakage flux of

a target assembly according to the present invention.



si ngl e-pi ece ferromagnetic sputter target and assenbly. The
ferromagnetic sputter targets and assenblies are manufactured by a
novel sol dering process, wherein bonding foil (also known as reactive
foil) is introduced between the sputter target and the backing plate.
In accordance with the principles of the present invention, a
ferromagnetic material is formed into a solid, unitary sputter target
configuration, such as a plate having an even magnetic perneability

t hroughout the material. Ferronagnetic materials contenplated by the
invention include, by way of exanple, puge_nickel (N) and N -based
al l oys, such as Ni Fe and Ni FeCo; pure iron (Fe) and Fe-based all oys,
such as FeTa, FeCo and FeN ; pure cobalt (Co) and Co-based all oys,
such as CoCr and CoCrPt; and other binary, ternary and hi gher degree

of elenental akkay3$e80DREESHEPYibh, oFechE01AGENOLBArT €l enents having
an intrinsic ne I C perneablllté reater than T, [ 0022] W th
t

reference to #Pg . sputEePTEERPEL 1A¥SPEIGRSHBeY L F?a?l?l PREul ar

di sc- shaped, Ehg§1QUphé¢efEé&@ﬂﬁ@@ﬁétﬂcsﬁyﬁEEértﬁég@ét Ah8 assembly.
ferromagnetic Spu %ter tar et .has a Eurit% of at ast abo t 99.99

wei ght per centPeFOPTHEPRY EElesPHF S¥pk F??Eﬁt?ﬁ agppmb Lies are
concentration&aaﬁEabﬁumadgh? peneeal. Sé@ﬁﬁﬁiﬂgeﬁﬂéb¥ss$pﬂhéﬁélﬁargetS
have a purity of at gas; 29 995kme| perceg g

advant ageousl B PEasPrhndat 589’ @@3 Fgﬁ?ap F¥&nFo* |F§ sput ter
target 10, asidepodtedd bstdeen- shapsuttérwtakgoe andethéobdcbyng
those skilled_in,_the art tgggdggger h thetar et.sF E#ch as
oval , square,~0r rectanguf FPiFoes ?ﬁﬁb@ arget D can be
manuf act ur ed ﬁreﬂeatbhamkntmpnkpaeéerrmmaghetscfnagedlahdlhofommeﬂed
or cold worke r i C r t n

r esi dual stregggé §n¥§ E& at%?%%g,ggﬁ%tggch %5 ggéggggggﬁigﬁhlgher
magneti c perneabhlaSyatnhatethV¢pgkangewﬁncmyggehre Porweagilite
sputter'ng SUthaceghdut Sch¥PhfaLly fa'nﬁngSQaQ£QE§E h@r-dksupdge the
material there ron?contrnuous ace a uni ornr ayer onto the
substrate. Thechbewphrsadf et @r1ﬁpﬁn§ppﬂte$¢hgd%urbxc@§YO¢fthe
target is presughbed wbﬁbean§ekgfr<kﬁyegn&4niob£§@alaiﬁagsthgugﬁtagg
with backing plate 16 e metals utilized for the backing
plate may be ‘gwenﬂﬁﬁeﬂlﬁ?cﬁétBP§eahHOPnéF%blea‘a@uﬁ?nhﬁP?ﬁl 313PYaAni um

(Ti), copper &&¥h, adnfle®h| O¥scbnen@okenP: eberabbynathe (barking @bate
is nmade of a copper alloy. Sacking plate 16 includes a top surface

which is utilP2eadt8lhayd: wPrAbspht FRFrt aRGeEOGHPE £ | #BIt REN®Bt t om

surface of thslﬁaigettefﬂgryOQnaUBigﬁ@roaeéhgeb@ﬁkéngm@haéﬁ 4Bloys
pre-wetted with a solder | ayer 18. Thg solde{ naterlals can be

sel ect ed fron?%ﬂ%ﬁbstﬁﬁv%htlBﬁalc?nﬂ? nPERRY $17T¢RER, having an
tin-silver-copperineiconfignetio-pbasedanlldys. gi@@@éiﬁtb@ﬂd1ng or
reactive foil LS int 0g ced.bet ween_sp targe nd

plate 16 priorgg%bgressﬁhgﬁtﬁ%f%ﬁﬁ%%%eﬁ?sy%%ge%herg ﬁ% ) aﬁﬁ%@ ¥%
is an ignitabis heSebageNEDatlgtcarcmlaﬂ 81 saesbaiped Sohbghfphhety
exenpl ary mat u nt mapuf act ure of bondi ng
foil 20 are sg ec %g?ronraggﬁapgflﬁgg Et hﬁ%n1%?ﬁ€§ma %?? es,
car bi des, thespiteer target has a purity of at least about 99.89

weight pexcent. For purposes of this specification,
all concentrations are in weight percent.
Advantageously, sputter targets have a purity of at
least 995.995 weight percent and more advantageously at
least about 95.999 weight percent. While gputter
target 10, as depicted, is disc-shaped, it will be
undexrstood by those skilled in the art that other



- 8 - reacting conpounds, alloys, netallic glasses and conposites.
These types of bonding foils are discussed in Barbee, Jr. et al and
Weihs et al (U S. Patent Nos. 5,538,795 and 6,863,992, respectively)
and which are hereby incorporated by reference in their entirety.

[ 0026] Pl at ens 22 and 24 of press 26 are brought to bear a
substantially uniformanount of pressure in uniting sputter target 10
and backing plate 16, with bond foil 20 therebetween. The bond foi

is ignited via a DC source (not shown), so that an exothermc
reaction is created. The heat generated during this reaction nelts
sol der layers 14 and 18, but does not penetrate into sputter target
10 or backing plate 1. Preferably, the _depth is about 0.005 inches
or less, caudiFFThe Sre S @& TVRer SREFTRel Praf® BERFULEFe T
cont enpor aneousd yana i, causi ng war pi ng or di sturbance in the
crystal l ographjc .qr. metallurgical structure of either sputter _target
10 or backi ng {pﬂogt%é' 16. Tﬁgz?%r aduIe E’@ W&th%%’etfrpﬁ&} At BLASN t s
flatness as weldrkpfiddes mfiaid Welifeddgddizgdr bt wolk@d7 I cangt her
exenpl ary enbodi of the invention,_ and with continued reference
to Fig. 1, th&< PEntEYOF B Fdnde d AME%| aE0F MRTE HSEWESuch
as hydraul i f: tgﬁ?&sﬂa?mlalswem@mm@gtﬁk@ﬁec&q ity cepikh1agn
generate a | oad of .at .l east ,about 50, 00Q s. Alj nt fixture 28
contai ns pr ecirselsélr}?pzi‘@erasthﬁ@ | SRS 5’858188#?%2&% n 5Phg 32,
SO0 as to cent ewordmichcalorgrryagkinig Flatdndt amties ppitee rtiangetirfdceThe
sol der | ayers ,(,14, . t nto .t he _backi ng .pl ate and,t he
Sputter targeﬁ?lﬁggég%??%§ﬂ§€%?§%§%ﬁﬁ%: gggafaﬁﬁiﬁﬁs P%‘eaggﬁt 0. 005
to 0.010 i nchewtetdiadl themedropacentpinabes3y soch tes pdkee aummaltbeoyn -
6061 - 9 - i 0 et egi 6 i.stribu t he
| oad uniforn1aa%%%f%itgngggkgﬁgggfgggf Agﬁga%ogkogtskgggf%aéggtkgn-
50, 000 | bs. i soasplerdad suiaeg)ngtt becSapartntis pugetiesteds wihbwa
in Fig. 2. [0Q28l5 e 3t n Is .
attached to the pE%;g%&F%uggr?Fbﬁ%gﬁ}lkﬁggngggt?%%&ﬁgzgq??ogggkﬁeg
source (not sHW3@%E &&n be attached to the backing plate 16 and the
positive | ead fop2a9nnecired tRcthe hendingdaf ebl 28e AacRRAWNLhBLE Bay
2, upon stabilization of the pressure applied via platens 2? and 24;
bondi ng foi | P§ P&Yi ghrbed, ofatisitad Sannexsirdpaic aduaénian (ad) .

di scussed abovgtrahliemdqrdhngchober-MRlLS,sahdenihaysr $ni¢eard 18 to a
dept h of about 0.005 inches thus formng a sputter target assenbly by

attachi ng a spatteraPivgethoPackibi réaprata. Ma8dssefuentoppebondi ng,

the integrateditayget passenbl p1aser B0V AL inem Lheopr essraaadyahenun
in Fig. 3. [0Q29] The .bonded and mac¢hi ned sgutter t ar get assenblggcan

be ul trasoni cafl t?ﬁ&ﬁ? G t8tGetaFhi RRUFFeFnEREISFe8ny HdKecteein
the bond. U t basabinc sar@tarecbantkal taRgsd; eaRAt SopaBub€abBdert Bhe

confirmthe digepshongigke! B8 HhOLshed.5a)9h gS3SHRLy goplioygation.

These solder materials can be selected from among

conventional indium-tin, tin-lead, tin-silver-copper,
or other tin-based alloys.

[0025] A bonding or reactive foil 20 is intreduced
between sputter target 10 and backing plate 16 prior to
pressing the components together. The bonding foil is
an ignitable heterogeneocus stratified structure. Some
of the exemplary materials, which may be used in the
manufacture of bonding foil 20 are selected from among

silicides, aluminides, borides, carbides, thermite



[ 0030] The sputter target assenbly of the present invention will be
further described in detail with reference to the foll ow ng exanpl es,
whi ch are, however, not to be construed as limting the invention.
EXAMPLES [0031] Ni ne ni ckel blanks having a purity of 99.995 wei ght
percent were water jet cut froma hot rolled nickel plate having a

t hi ckness of 0.375 inches to - 10 - obtain blank dianmeters of 17.75
i nches. Ni ne naval brass or copper chrom um bl anks having a di aneter
of 21.0 inches and a thickness of 0.750 inches were used as backi ng
plates. Al bl anks were machi ned on both sides to obtain parallel
surfaces. [0032]Six of the nickel blanks were then bonded to copper

chrom um backi ng pl ates w thout bonding foil using eutectic solder
conpri sing ti FYAFHERIRATRCURASE3 addigifr Peteddt Cardasess iamcan

anount of 37 wngiasm%@entmeﬂaw Ufemhakellg tzbarllgsa%ddtﬂy&%s%fd
t he naval brass bl anks were pre-wetted using the_sanme sold

Excessi ve sol d& BRFEerentiFed Sy atadichisd beo ebhedi dla SsoIPd’&ent Nos.

t hi ckness of &, @Q@ iRGhesd @,862],3 dnchespertbeh vi hend GJ?ﬁ'cha%Q‘et he
naval brass blank 5@@ 3 Bond| f0|I haV|n§ a thickness of 0.003

i nches was pl & By THIEESRCE 1hr &0 &MESTEEYng the
alignment fi xtnmroesdescr |med;ea:lm0\za fa@fd tohe dfapies st Rkear G:lt%luglh&r geot
bl anks and na aI brass bl anks. i nch thickg%lunlnun160

spacer plate 3“&'5@@F&P%&y'f?l 5 EREY ™ S T PIESF ISR 4™
neopr ene sheeMnhaumggs@hﬁt&&ﬂ&a&g@menﬁranahba&&gaglpeak&adsfraﬁta DC

I l.ead
Connect ed to TREDSRIING o ST RAt3ATr ABSUP-TO7 2000 155 SRS e
applied in brivigi rRgDChecceweorients shogedheso tpat shakxoithatrinde of
the pressure, I%Q%t%gd' gcfr%'alt vas gl ‘n[%%t 5%}%'::'39 an 19 eﬂc&%‘ls

reaction as discusse ove and el t'ing a ers,
attachi ng t hemiackdbnbmgdks soldes ﬂﬁa§§5baekang pBat@yx F©@34h$he

bonded sputter,g a tras y ed
and a bond co&é%%égggf 3?%%? %?tg%rgskgggcggtE%aggg%ihb gg%%fﬁg
machi ni ng, Preferably, the depth is about 0.005 inches or less,

causing the applied solder layers to melt and bond
together contemporaneously without causing warping or
disturbance in the crystallographic or metallurgical
structure of either sputter target 10 or backing plate
16. As a result the sputter target maintains its
flatness as well as its metallurgical integrity.

[o027] In another exemplary embodiment of the
invention, and with cont inued reference to Fig. 1, the
components to be bonded are placed in a press 26 such
as hydraulic, screw, wanual or computer operated, so
long as it can generate a load of at least about 50, 000
lbs. Alignment fixture 28 contains precision spacers
30 which are placed on alignment pins 32, so as to
center and align backing plate 16 and sputter target
10. The solder layers (14, 18) are wetted onto the
backing plate and the sputter target, respectively, to
a thickness ranging from about 0.005 to 0.010 inches.

An aluminum spacer plate 34 such as aluminum alloy 6061



ul trasoni c thickness neasurenents were performed to determ ne nickel
and sol der thicknesses in 33 locations; the results are sunmmari zed in
the Tabl e bel ow. Table Process Standard Devi ati on Range (in.) Sol der
Thi ckness (in.) Conparative Exanple 1

is placed on neoprene sheet material 36 to distribute
the load uniformly over the backing plate. A load of
at least about 50,000 lbs. is applied in bringing the
components together as shown in Fig. 2.

[0028] Direct current electrical connections can be
attached to the press. In particular, the negative
lead from a DC source (not shown) can be attached to
the backing plate 16 and the positive lead is connected
to the bonding foil 20. As shown in Fig. 2, upon
stabilization of the pressure applied wvia platens 22
and 24, bonding foil 20 is ignited, causing an
exothermic reaction as discussed above. The bonding
foil melts solder layers 14 and 18 to a depth of about
0.005 inches thus forming a sputter target assembly by
attaching a sputter target to a backing plate.
Subsequent to bonding, the integrated target assembly
is removed from the press, and shown in Fig. 3.

[0029] The bonded and machined sputter target
assembly can be ultrasonically inspected to determine
if there are any defects in the bond. Ultrasonic and
mechanical measurements can be made to confirm the
dimensions of the finished target assembly
configuration.

[00301 The sputter target assembly of the present
invention will be further described in detail with
reference to the following examples, which are,

however, not to be construed as limiting the invention.

EXAMPLES
[0031] Nine nickel blanks having a purity of 99.995
weight percent were water jet cut from a hot rolled

nickel plate having a thickness of 0.375 inches to



0.006 0.017 0.018 Conparative Exanple 2 0.003 0.016 0.016 Conparative
Exanpl e 3 0.003 0.014 0.023
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obtain blank diameters of 17.75 inches. Nine naval
brass or copper chromium blanks having a diameter of
21.0 inches and a thickness of 0.750 inches were used
as backing plates. All blanks were machined on both
sides to obtain parallel surfaces.

[0032] Six of the nickel blanks were then bonded to
copper chromium backing plates without bonding foil
using eutectic solder comprising tin in an amount of &3
weight percent and lead in an amount of 37 weight
percent. Three of the nickel blanks and three of the
naval brass blanks were pre-wetted using the same
solder. Excessive solder was removed by machining to
obtain a solder thickness of 0.005 inches to 0.010
inches on both the nickel and the naval brass blanks.
[0033] Bonding foil having a thickness of 0.003
inches was placed between the nickel and naval brass
blanks using the alignment £ixture described above for
the latter three nickel target blanks and naval brass
blanks. A 0.750 inch thick aluminum 6061 spacer plate
having a diameter of 17.75 inches was placed on a
neoprene sheet having the same diameter. The negative
lead from a DC source was attached to the backing plate
and the positive lead was connected to the bonding
foil. A load of about 107,000 lbs. was applied in
bringing the components together. Upon stabilization
of the pressure, the bonding foil was ignited, causing
an exothermic reaction as discussed above and melting
the solder layers, thus attaching the nickel blanks to
the brass backing plates.

[0034] The bonded sputter target assemblies were
then uvltrasonically inspected and a bond coverage of

greater than 99 percent was obtained. After machining,



Conpar ative Exanple 4 0.003 0.012 0.022 Conparative Exanple 5 0.009
0.014 0.021 Conparative Exanple 6 0.004
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ultrasonic thickness measurements were performed to
determine nickel and scolder thicknesses in 33

locations; the results are summarized in the Table

below.
Table
Process Standard Range Sclder
Deviation (in.) Thickness
{in.)
Comparative 0.006 0.017 0.018
Example 1
Comparative 0.003 0.016 0.016
Example 2
Comparative 0.003 0.014 0.023
BExample 3
Comparative ¢.003 0.012 0.022
Example 4
Comparative 0.009 0.014 0.021
Example § '
Comparative 6.004 0.013 0.01l6
Example 6
Example 1 0.002 0.006 0.015
{Present -
Invention)
Example 2 0.002 0.007 0.013
(Present
Invention)
Example 3 0.001 ‘ 0.005 0.014
(Present
Invention)
[0035] For each sputter target assembly in the

Table, the solder layer thickness was determined by
taking 33 thickness measurements across the target and
calculating the nominal (i.e., average) thickness. As
illustrated in Figs. 4A-B and in the Table, the solder
layer thickness can vary up to 100% of the nominal
thickness. The average solder layer thickness for the

conventional targets is 0.019 inches with an average



0.013 0.016 Exanple 1 (Present Invention) 0.002 0.006 0.015 Exanple 2
(Present Invention) 0.002 0.007 0.013 Exanple 3 (Present I|nvention)
0. 001 0. 005
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range of 0.014 inches. On the other hand, in the
present invention the average thickness is 0.014 inches
with an average range of 0.006 inches. This-indicates
an improvement in the control of.the solder layer
thickness of up to 57%.

[0036] The magnetic leakage f£flux (MLF), alsc known
ag magnetic pass through flux (PTF), of sputter target
agsemblies utilizing a ferromagnetic target are
susceptible to thickness variations. These wvariations
may result from either the solder thickness or the
sputter target itself. It has been found that the
target assemblies manufactured by the process described
herein result in a substantially symmetric MLF.
Therefore, the target assemblies are capable of
depositing a £ilm with uniform properties onto the
substrate.

[6037] To predict the target assembly performance,
non~-destructive MLF measurements were conducted. The
measurements were made using a test fixture table which
had a permanently held horseshoe magnet in proximity to
the planar surface of the sputter target assembly
tested. A Hall probe was introduced to measure the
magnetic field penetrating the target and entering from
behind the target. As shown in Figs. 5A-B, the MLF
maps exhibit a series of concentric rings of various
colors. Specifically, as shown in Fig. 5A, a
conventional sputter target assembly has a non-
symmetric MLF with a range of 100 Gauss (from 36 to 136
Gauss). Figure 5B depicts a symmetric MLF map that
shows a concentric pattern and a range of only 62 Gauss
(from 42 to 104 Gauss). A target assembly having the

kind of MLF map shown in Figure 5B is capable of



0.014 [0035] For each sputter target assenbly in the Table, the

sol der | ayer thickness was determ ned by taking 33 thickness
measurenents across the target and cal culating the nomnal (i.e.
average) thickness. As illustrated in Figs. 4A-B and in the Table,

t he sol der |ayer thickness can vary up to 100% of the nom nal

t hi ckness. The average sol der | ayer thickness for the conventi onal
targets is 0.019 inches with an average - 12 - range of 0.014
inches. On the other hand, in the present invention the average
thickness is 0.014 inches with an averggﬁ?rgnge of 0.006 inches. This
i ndi cates an inprovenent in the control t he sol der | ayerthickness
of up to 57@6 The na%ﬁetlc | eakage fl ux % al so_known as
magnetic pass Sﬁgﬁnﬁiﬁk V1§§fu§33PF@rPF8P5 igssepbp; £ge
utilizing a feubragRet.i cmw%tryahg gugeepk bEecho'ﬁ:thléE%S%o the
vari ations. These varig%!ons may result fromeither the sol

t hi ckness or tErget FPQ&FPteIFhﬁaElSBEH HBEnHeﬁﬁaﬁthQ

tar get aSSGfTth%S e@&UE&Efeldzlte@:rﬁﬂutcﬁﬁ b?oﬁﬁésmdgﬁéthbeéléﬁﬂel nI result
i Ther e i.es

in a substantl y et asse

are capabl e off 3%35|t|ﬁét tﬁftﬁnﬁﬁ 6PH1BF5pg?gFe§eﬁﬁF6 Fﬂeln
substrate. [OQ&E]aIQ p&ed:l tlefeltentar get cagsanhl prp€eteeansft®odiments,
non-destructlx urenen wer e cogﬂucted. Thengﬁaﬁu% ment s
vere nmade usi S* Eeté e%&?‘e goP&-which h&d°d"péPnanéht FYehEl 8*°
hor seshoe mageehern epboximeny st oft hbeplianantsunf ateheh the sphkter
target assenb s e II ro i ntroduced to neasure the
magneti'c fiela%peﬁg%rgffﬁ s argng%%d entering from behind the
target. As shown in Figs. 5A—B, the MLF maps exhibit a series of
concentric rings of various colors. Specifically, as showm in Fig.
5A, a conventional sputter target assenbly has a non-symmetric MF
with a range of 100 Gauss (from 36 to 136 Gauss). Figure 513 depicts
a symmetric MLF map that shows a concentric pattern and a range of
only 62 Gauss (from42 to 104 Gauss). A target assenbly having the
kind of MLF map shown in Figure 5B is capable of - 13 -



depositing a filmw th uniform properties onto the substrate. The
varyi'ng degrees of color close to the edge of the target indicate the
hi gher MLF related to the edge effect produced by the nagnetic field.
[ 0038] Al t hough the invention has been described in detail with
reference to certain preferred enbodi menjs, those skilled in the art
wi |l recognize that there are other enbodinents of the invention
within the spirit and the scope of the clains. 14 We claim 1.A

nmet hod of forming a sputter target assenbly, conprising the steps of:
provi di ng a backing plate having a top surface, and pre-wetting the

top surface with a solder |ayer; providing a sputter
target having a bottom surface, and pre-wetting the bottom surface
with a sol der |ayer; i ntroducing a bonding foil, between

t he backing plate and the sputter target, wherein the bonding foil is
an ignitabl e héeesbygmeous stratified structure for the propagation
of an exotherm c reacti reSS| t he backl g plate and
the sputter target toget en}ethéiloéfnlff)irﬂgn?h% téﬁ% UC

t her ebet ween t @s swahit) gnd-dwgmnd. stimey $hbd§tebﬁy@f on the backlng pl ate
with the sol der |ayer on the putte wi t hout affecting the

mcrostructure or flatné8s’¥ ﬁﬂﬁe sbﬁ??é gt%&iﬁﬁ RaVite & &CRati on of
the sputter tasgefamssefid pre2wkheingt bR ©p QNG qi1gPULE eb1harget

layer;

{ providing a sputter target having a bottom
surface, and pre-wetting the bottom surface with a
solder layer;

introducing a bonding foil, between the
backing plate and the sputter target, wherein the
bonding foil is an ignitable heterogeneous stratified
structure for the propagation of an exothermic
reaction;

pressing the backing plate and the sputter
target together and igniting the bonding foil,
therebetween to melt and bond the solder layer on the

(. backing plate with the solder layer on the sputter
target without affecting the microstructure or flatness
of the sputter target in the formation of the sputter
target assembly.

2. The method of forming a sputter target
assembly of claim 1, further comprising,
aligning the target and backing plate in a
press, prior to pressing and thereafter applying a load
of at least 50,000 1ibs.



assenbly of claim11, further conprising, aligning the
target and backing plate in a press, prior to pressing and thereafter

applying a load of at |east 50,000 |bs. 15 3. The net hod of
formng a sputter target assenbly of claim1l, wherein the backing
plate and the sputter target are made ofj¢gifferent materials. 4,

The nethod of form ng a sputter target assenbly of claim1l1, wherein
the solder |ayers are eutectic solder conprising tin in an anount of
63 wei ght percent and the bal ance is |ead. 5. The met hod of
formng a sputter target assenbly of claim1, further conprising
connecting the negative |ead froma DC source to the backing plate
and the positive | edd frb Iexdeb@icdrsingea bopet ey fitodato ignite

the foil and igktigabteythe expther tkon. : sl d
of formng a sputter ¥a€€et asngglﬁblugle:)rgggl g?% ]Ci?c}\{/\%ne? eﬁﬁnatt{gaﬁmt%%
t hi ckness of tRARUBEREI MFI |aneamges ofodil Abeuen . @iz tiz labout 0. 003
i nches. 7. The nethod of formng a sputter target assenbly of
claim1, wherein the bonding foil is selected fromanong silicides,

al um ni des, bori dest- carBigddestixddeofi ferméagt & ngputidrgo urdsyeal | oys,
metal lic glass opasi_t.es. .8. . The hod of formng a
sputter targetggéggﬂgfyﬂ%fékﬁ%%|%’1thﬁgl§ofﬁ%r5$§§%ﬁi Y95 &éfect ed
from anong i ndewrectiy; gdlridreadmpan sting- 8ih Vet -QOpPRunt of 63

weight percent and the balance is lead.

5. The method of forming a sputter target
assembly of claim 1, further comprising connecting the
negative lead from a DC scurce to the backing plate and
the positive lead from a DC source to the bending foil
to ignite the foil and initiate the exothermic

reaction.

6. The method of forming a sputter target
assembly of claim 1, wherein the thickness of the
bonding foil ranges from about 0.002 to about 0.003

inches.

A=

7. The method of forming a sputter target
assembly of claim 1, wherein the bonding foil is
selected from among silicides, aluminides, borides,
carbides, thermite reacting compounds, alloys, metallic

glasses and composites.

8. The method of forming a sputter target
assembly of claim 1, the solder material is selected

from among indium-tin, tin-lead, or tin-silver-copper.



16 9. The nethod of formng a sputter target assenbly of claim
1, wherein the sputter target is a substantially circular,
di sc-shaped high-purity ferromagnetic nickel, nickel alloy, cobalt,
or cobalt alloy target. 10. The method of forming a sputter
target assenbly of claim1l, wherein the magnetic flux across the
sputter target is symmetrically distributed. 11. A sputter
target assenbly, conprising: a sputter target, a backing plate and a
bondi ng foil, disposed between the backing plate and the sputter
target, wherein the bonding foil is an ignitable heterogeneous

n Qf an exotherm c reaction in

stratified structurg for_the pro i

order to bond the s%ﬂtte?ﬁ?aT%gFﬁfg%{ O TBAORI AgSBREERT W Fiit
affecting the mbse@slyuctusBami 1 heddratinesteObphbeeSPtd i tiar get in
the formation of the sgﬁiier t ar get assenblg. i 12. The sputter
target assenbl JUBFERTAIATAY CHuFHReY EdFprEBrRgdahigh-RuBditer bond

| ayer di sposedeberygesnébec hacdiang pliakeiandibhe bonging J0id,and a
second sol der bond | ayer between the target and the bonding foil.

13. The sputtefli@a¥ g 3®%enbly of claim 11, wherein the bondi ng foi
is selected fromanong silicides, alumnides, borides, carbides,
thermte reacting conpounds, alloys, netallic glasses and conposites.
17 14. The shiit efhe aegdodaofefibrpiog z|spwitlelr, btergredi n t he

Forr omgnet to. SRl rcieenal gy P eSS tn e R EGRAR Gt e Brhe:
18. The sputt efhe sayettasdemgiey df shmnetticalherdi st dibe teeignet i ¢
flux across the.sputter target is symmetrically distributed.
1l1. A sputter target assembly, comprising:
a sputter target, a backing plate and a bonding foil,
disposed between the backing plate and the sputter
target, wherein the bonding foil is an ignitable
hetercgeneous stratified structure for the propagation
of an exothermic reaction in order to bond the sputter
target to the backing plate without affecting the
microstructure or the flatness of the sputter target in

the formation of the sputter target assembly.

12. The sputter target assembly of claim 11,
further comprising a first solder bond layer disposed
between the backing plate and the bonding foil and a
second solder bond layer between the target and the

bonding foil.

13. The sputter target assembly of claim 11,
wherein the bonding foil is selected From among
silicides, aluminides, borides, carbides, thermite
reacting compounds, alloys, metallic glasses and

composites.
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14. The sputter target assembly of claim 11,
wherein the sputter target is a substantially circular,
disc-shaped high-purity ferromagnetic nickel, nickel

alloy, cobalt, or cobalt alloy target.

15. The sputter target assembly of claim 11,
wherein the magnetic flux across the sputter target is

symmetrically distributed.



