12 AUG 2004 WD 01/68937 PCT/ US01/ 07404 DESCRI PTI ON METHODS OF BONDI NG TWO
ALUM NUM COMPRI SI NG MASSES TO ONE ANOTHER, METHODS OF BONDI NG A BYQ][{HUJ.
VAPOR DEPCSI TION 5 TARGET MATERI AL TO A BACKI NG PLATE MATERI AL, Al
STRUCTURES COVPRI SI NG ALUVNUM COVPRI SI NG PHYSI CAL VAPOR DEPOCSI TI ON TARGETS
AND BACKI N&¥PP¥GEEE 10 Technical Field The invention pert CRASe7#@t hods of
bondi ng physi cal vapor deposition (Pv®) target materials to backing plate
materials, and al so pertains to methods of bonding two al um num conpri sing
masses to one another. Further, the invention pertains to structures
conpri sing al um num conpri si ng phym deposition targets bonded to
15 al um num conpri si ng backi ng pla : @gound Art Modem devel opnents in
physi cal vapor deposition methodol ogi es have created increasingly

stringent 1 eqyyi-FHBHS DI EBND PAMNINUM IRBRISIRGAPASSERAY BREK! N9 20
| ates. A d Fiolas . MESY d t
Sppar ai us 10°1S- SN iRkt xR ROADARING ﬁnﬁéﬁw Mho plate 12

having a sput QRUTTUREY GGHPRISINGAMINNRIOMPRISPRGPRYRILISL VARoREBL €T i al

wafer 16 is wthin appappposiTiONanGcRASANTIBSCkINGPLAPESEed from target 14.
Sputtered material 18 is displaced fromtarget 14 and utilized to forma

coating (not shown) over wafer 16. 25 Anpong the nodem i nprovenents in
sputter design is an increase in the distance between target 14 and

sem conduati v&echmicek¥igi substrate 16. Such increase in distance can enable
nore directional spytteri h e ‘ e - Hgﬁgrate 16
than can be achi evedlh%{é%qi%@n%? “%%fg?Ss&?ﬁ%@lé%?#cg%agérr%f'gnﬁ by )al | owi ng
atons that ar &rgsbmaterighip heplgne pisterieatesiglscand elso puBins fognathofgoft hendimgvoon t he

sidewal | of tBemSRHtdoMAplNG SRS one3BnoBReC] Fur@! 4, inSehBed Hatahs18 W | |
frequently have vertical. h04 es or slots ﬁjknoi/vn as w%é‘{l Wi tF dqept hs five
times their wHH™SFORBIEE plmpum-cmpnynse APEToRt Y20 dPasiogh et Praded to

di mensi ongj. bluminum-cdinpfisingbk¢kiteplaggputt er materials into vias having high

critical dinmensions unless there is a relatively long throw between a
sputtering target and a substrate conprising the vias.

P T
ACHETOUI0 Al

Modem developments in physical vapor deposition methodologies have created
increasingly stringent requirements for robust bonding between targets and backing
20  plates. A diagrammatic view of a portion of an exemplary sputter deposition apparatus
10 is shown in Fig. 1. Apparatus 10 comprises a backing plate 12 having a sputtering
target 14 bonded thereto. A sermiconductive material wafer 16 is within apparatus 10 and
provided to be spaced from target 14, Sputtered matenial 18 is displaced from target 14
and utilized to form a coating {(not shown) over wafer 16.

25 Among the modern improvements in sputter design is an increase in the distance
4 between target 14 and semiconductive material substrate 16. Such increase in distance
can enable more directional sputtering to be achieved over features of substrate 16 than
can be achieved when target 14 is close to substrate 16 by allowing atoms that are not
moving perpendicular to substrate 16 to land on the sidewall of the sputtering chamber.
30  Specifically, substrate 16 will frequently have vertical holes or slots (known as vias) with
depths five times their width or more (1.e., having relatively high critical dimensions). It
is difficult to sputter materials into vias having high critical dimensions unless there is a

relatively long throw between a sputtering target and a substrate comprising the vias.
Although the longer throw creates advantages in coverage relative to shorter
35. throw techniques, it also creates complications. One of such complications is caused by
" additional power utilized in long-throw technologies. The additional power can cause

sputtering targets to get hotter than they had in older methods. Such heat can disrupt a
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In yet another aspect, the Invention encompasses a method of bonding a physical
20  vapor deposition target material to a backing plate material. The target material and
backing plate material are joined in physical contact with one another. The target
material and backing plate material are then compressed under a ioad that progresses
sequentially as follows: (1) the load is maintained at a first pressure of at least about 4 ksi
for a time of at least about 20 seconds; (2) the load is increased by at least about 0.5 ksi
25  to a new pressure; and (3) the load is maintained at the new pressure for at least about 20

seconds.

Brief Description of the Drawings
Preferred embodiments of the invention are described below with reference to

30 the following accompanying drawings.
Fig. 1 is a diagrammatic view of a portion of a prior art sputter deposition
apparatus.
Fig. 2 is a flow chart diagram of a method encompassed by the presenf

invention.
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15 method of the present invention (labeled as a new process) relative to RAM tensile
strength accomplished by a conventional process (labeled as an old process).

Fig. 10 is a graphical comparison of the dependence of yield strength of a

backing plate on temperature for a backing plate formed according to a process of the

present invention (labeled as a new process) and a backing plate formed according to a

20  conventional process (labeled as an old process).

Best Modes for Carrying out the Invention
_The invention encompasses methods of bonding materials to one another, and in

particular embodiments encompasses methods of bonding a physical vapor deposition
25  target material to a backing plate material.

A method encompassed by the present invention is ldcscﬁbed by a flow diagram
in Fig. 2. At an initial step (labeled 30 in Fig. 2) work hardening is done to a target
material. If, for example, the target material comprises aluminum, work hardening can
be introduced by compressing the aluminum from an initial thickness to a second

30  thickness. Such compression is illustrated in Fig. 3, wherein a target 50 is illustrated
before and after compression, with an arrow 52 provided to indicate the step of
compression. Target 50 comprises a first thickness “X” prior to the compression 52 and
a second thickness “Y™ after the compression. The compression can be accomplished by,
for example, cold forging or cold rolling. The final thickness of target 50 (*Y™) can be,

35  for example, less than 2% of the initial thickness of target 50 (i.e., at least a 98%
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almnmum matenals include aluminum that is greater than or equal to 99.95% pure, such
20 as, for example, aluminum that is 99.995% pure, 99.9995% pure, or 99.99995% pure.
The material of target 50 can be cast as a billet having a diameter of less than 15
inches, and typically from about 4 inches to about 9 inches. The billet can have an initial
thickness of from about 0.1 inches to about 10 inches, and typically has an initial
thickness of from about 5 inches to 10 inches. After the compression of target 50, the
25 resulting cold-worked blank can be cut to form a round blank of a desired diameter.
Referring again to the flow chart of Fig. 2, the target is joined to a backing plate
(Fig. 2, step 32). Preferably, the target and backing plate are cleaned prior to joining
them to remove contaminants that may be present.
The cleaning can comprise exposing both the target and backing plate to organic
30  cleaning materials. Preferably, the cleaning further comprises exposing at least one of
the target and backing plate to 2 mixture comprising HF and HNO, for a time of from
about one second to about 30 minutes, and at a temperature of from about 0°C to about
100°C. The exposure can, for example, occur at about room temperature (ie., 2
temperature of from about 15°C to about 25°C), for a time of less than 30 seconds, such

35  as, for example, for a time of about 15 seconds.
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concentrated HE sol ution conprises from.
HNO; in water. The “parts” referred to above are determined by volume. The various

components of the mixture can be mixed in any order, with an exemplary order beingto . ¢ -
20  first mix the nitric acid and water, and then subsequently to add the HF. The term -
"about" is used in reference to the parts of HF, HNO, and H,O to indicate variation of . .
0.5 parts, except that the amount of HNO, is never 0 parts
The cleaning mixture of HF and HNG; can advantageously remove mnorganic
and organic materials, and can thus remove several common contaminants and dopants
25  from over and within an aluminum-comprising surface. For instance, the solution can
remove organic contaminants that may be left on an aluminum-comprising surface from
organic cleaning reagents. Also, the mixture can dissolve common dopants such as
silicon, magnesium and copper that may be present in an aluminum-comprising material,
as well as dissolving common impurities.
a0 A method of joining a target to a backing plate is described with reference to
Figs.4 and 5. Referring to Fig. 4, the work-hardened target 50 of Fig. 3 is shown
elevated above a backing plate 60. Bacldng plate 60 of Fig.3 is shown having a
continuous channel 62 machined into a surface in a spiral pattemn. Ultimately, target 50
will be pressed against plate 60 to force material from target 50 into channel 62.
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The HF/HNO; solution is preferably removed from over any surfaces of target
50 or backing plate 60 which have been exposed to such solution. Such removal can be

20  accomplished by, for example, spraying the surfaces with deionized water. The water
can then be dried from the surfaces prior to joining surface 51 of target 50 to surface 61
of backing plate 60,

The cleaning of backing plate 60 can occur before or after formation of channe]
62 within surface 61 of bacldng plate 6.

25 Although the invention is described herein with reference to ftreating an
aluminum-comprising target material and aluminum-comprising backing plate, it is to be
understood that the chemical cleaning solution of the present invention can be used to
clean aluminum-comprising masses other than backing plates and physical deposition
targets,

30 In embodiments in which target 50 comprises high-purity aluminum, backing
plate 60 can also comprise aluminum, and can specifically comprise, for example, 2000
Series, 3000 Series, 4000 Series, 5000 Series, 6000 Series or 7000 Series heat-treatable
aluminum alloys. Backing plate 60 can, for example, comprise an aluminum-comprising
mass consisting essentially of aluminum. Alternatively, backing plate 60 can comprise

35  an aluminum-comprising mass consisting essentially of aluminum with greater than 0%



preferably, both of surfaces 51 and 61 are cleaned with the mxture ]2 AUG 2004
conprising HF/ }AINOGB prior to conpressing the surfaces together.

noted that surfaces 51 and 61 can be cleaned with the same sol utlon, or
can be cleaned with different solutions conprising 10 HF/HNG3. It is also
not ed that WRE&eP¥ani ng of, for exanple, surface 51, canPESHIPIEE4 exposi ng
only surface 51 of target 50 to a sol Jtlon conprising HF/ HNG3 by, for
exanpl e, spraying a solution of HF/ HNO3 across the surface. Alternatively,
an entirety of target 50 can be dipped within a sol ution of HFIHNG3 so

t hat both of r X e t he . tion of
HF/ HNC3. Sim | arﬁgéfﬁ%gaéﬂggan%fﬁfﬁfghﬁ %Qe %’?‘é"t“" an ’brlg]’ et eg’ned by
sprayi ng a soISEbtAEaﬁﬂd'i[f Me/ MNCB, 45 BpBs, Pteh@. %Cﬂé:@eCO GorDyo¥ir, 8.8k Hg. an

entirety of backi ng, mbate NS, wmfmﬁﬁ%um q, @fswﬁ/ﬁh@ £0Th,Agt  both  of
surfaces 61 and, 63 are_exposed to the sol ution The "HF/ HNCB

solution is prafl&k XoyayY @ o The W%%'Pthﬁmﬁtﬁ'?%&é”smﬁeﬂle%‘é@% W50 or
backi ng pl ateﬂﬁeomfﬁmthamnhﬁﬁmaax@aﬁﬁcmaarsluehozﬁ}ﬂéxéﬁ irdRompAifds. r enoval can

Do ol $EooTL Lol R B S By U BT b0 2
surface 51 of \m'ahgstbe&{)subpctsdmftmraﬁﬂa tﬁ@ﬁneblaﬁ'lﬁlomgibqﬂjtaﬁ(EFﬁﬂaboﬂiMOﬁ‘l eani ng of
backi ng pl ate 60 faore ar aft for t 4.0n 62 within
surface 61 of f%acﬁrlﬁ%(gp%ﬁ abglgolfa rglggiﬂ h%’gﬁth t ? [ metﬁ%mgﬁp?as e&Cri bed
herein wth refraprande qmnmlt,@amswgtmemmrum niifers et 359PGi1tp dbawtg@e°Cat eri al

and al um rwm@&r%hébﬁﬂmnaa%&itrsghora}s%eabodttn'h%m&0Aq]e 3 ﬂﬁ%ﬁh&%grgﬂat t he

chem cal cleaning solution present inventio to clean
al um num conpfEBIrise FpsRe Pl &erbethlgw&%ﬁ LoF Tedieuiis i e{taésutéﬁ%fFﬁPmﬁnemf

deposi tion t @@es Fours3amé femsamq BRALR cdnhaldB B52022T9S a1RRnGP RRNEA3 SS
hi gh-purity al um num bac fgite 60 can al so corrprl se al um num and

can. specifi Céﬂ@gﬁ%@%gé’eg#@fa sipipgbaclopgpiate Qfremabilletngg serjes, 4000
Series, 5000 Seri eRig. ©£0s Se:rm;ﬁﬁsoﬂrofmeﬁﬂdxﬁardfmaa&kﬁ@tpiaw@aﬁ:ﬁbﬂgezozal umi num
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mass consi Sting essent al um num At ernat. acking plate 60
can conpri se ﬁsbehqd ﬂal"mﬁ’ mmwse'ar?f}mVSltmgherﬂaiybe%mﬁgl c@pvmgoneb*b@hpz alatey  of

al um num Wi t h (GRS Foil BRReYird e G R Un MR R BRORLRETHUSOLHAT404 7
"new process” backing plate is substantially harder than the "old process” backing plate.
An initial step in bonding target 50 to backing plate 60 is typically to join the
20  target and backing plate by phyéically contact target 50 with plate 60. Arrows 54 of Fig,

4 indicate such joining by showing that target 50 is lowered onto plate 60. Fig. 5 shows

an assembly 70 comprising target 50 joined to plate 60. In the shown assembly 70, target

50 covers channel 62 (Fig. 4) of backing plate 60. In embodiments in which the backing

plate 60 is much harder than the target 50, the soft material of the target can be pressed
25  into the channel in the hard backing plate during subsequent processing.

Assembly 70 can be formed in, or placed in, an atmosphere which is inert
relative to oxide formation from materials of plate 60 and target 50. In embodiments in
which plate 60 and target 50 comprise high-purity aluminum, or aluminum alloys, the
inert atmosphere can comprise a vacuum (with a suitable vacuum being from 107 Torr to

30 107 Torr), can consist essentially of an inert gas (such as, for example, one or more of
nitrogen gas, helium gas and argon gas); and can be formed, for example, by flushing a
chamber with inert gas and subsequently drawing a vacuum on the chamber. The inert
atmosphere preferably does not comprise oxidative components (like oxygen), as such
could adversely cause oxidation of the materials of one or both of the blank 60 and target

35  50. It is noted, however, that an advantage of the HF/HNO; cleaning described above is



and | ess than 10% of other el ements selected fromthe group consi sting of
Si, Cu Ge, Pb, Sn, Ag, Ga, H, My, M, Sc, Zn, B, Ba, Be, qgmﬁe 0
Co, C, Dy, Er, Fe, G&d, Ho, Ir, La, Lu, Mo, Nbo, Nd, Ni, P, Pd Pm IJtU
Pu, Rh, Ru, S. Sb, Se, Sm Sr, Ta, Th, Te, Ti, Tm V, W Y, Yb and Zr. The
so-cal | ed "R AHMOY enents” can be in el emental form in BCTREOFGM of
multi-elenent materials, such as, for ﬁexarrpl e, conpl exes and conpounds. In
an exenpl ary application, backing plate 60 conprises 2024-T351 al um num

whi ch has been subj ected to tenperature treatnent of from about 250F to
about 800F e Rfvelds Q nut e about 1 week. The
ther I'T&' treat nélihfbc%:gn Iwc ox%@aﬁp$r%:un%csén asurtgg? Ogsall]“aél 8m~cowr ature Of
from about 350@eTy. EUGWM@@@W@!C@HMPﬁerQﬁOVf:ﬂ'@mlabtheaSGybmdmd to about

plate o a tersetdtuh A Ton § GELIPN  AQHRDL SERASHE AR Chhabin® DORCI N0

!to enperature t F%@f"ﬂ\ér?fmﬂé(aﬁ“‘ﬁ@mﬂe‘ﬁ“% op 2EANR e mIsE Bt byt ElRE® o and can
occur either b;qfoﬁiﬁ'etd)ﬁ'aoafaﬁrfb[mts & piyaeh, ti;aﬁakulﬁg plat Rarbifhlsf FeRBnAg hat et . Fi g. 6
7381 ar ur nunPPRa e es SR AR R 5% Rl B Buter Bebe BB ar ur e
treatment (| allowiingd ﬁailslmowéiw ipis ooted ditt)a thip laytn of elutngunhveidh FedaelySomfs a
conventional Backingni %Egalﬁ'&ﬁeﬁlfes neumifd oQ{dQCfﬁi-ﬁa%)ovE.gg.El nnml'madl ffusion

bondi ng processes descri be bel ow new process te is
subst ant i al | yctRiges messahs HI{ENOlgmige %é@%“"e@aélkmﬁgm}@?ﬂé%e An initial step

i n bondi ngot ar get ﬁﬁniaﬁlypﬂﬁxkiramﬂfaﬂﬂnﬂﬁlﬁl Siliciafd fedddy el MxidiRdhnfleRatt 8 20
target and backin ‘gbg di%'f’?ce?fg‘}; lgm‘\ém call?/ cont act tg %et 50 with plate 60.
Arrows 54 of FR° HEMOERROTRIRE RSO CRONER FUrifge-<PEREE 50 i s
| ower ed ont 0 pérding pbf:. Friegjficaly,sbromval ofaasila wsidivi mat&&lsc@&prunmumgmcmr get 50

dt I 6 h | 62
(Fi g a) of ook neel S e P W SR8 el RoerkLRE et e MERRRE 010 060

i s nmuch har defoRssiAS tbﬁ‘é‘ﬂ‘tgai’b@t cag Qallophettero inferagtigne (fpra pxagiblet jgen exhegpst can be
pressed 25 l&%&ﬂ)%ﬁé@%ﬁa&&@%@k@ﬁﬁ&hm pl ate during subsequent

processing. Asse 70 can an at nosphere which
is inert relati Cgﬁ f%ﬁga’@t?tg‘i:ﬁ%‘ﬂr’%ﬁ g%r‘?‘r'ﬁf&f‘)’ ‘?léﬁc@“%?latb%"@geéé'pand target
50. I'n enbodi themtadly irentedvthboridl thd tatget 16 Ghe ixdhing plagetlf SigetcOrpd bamntlplgﬂa pur| ty

al um num or g4 BRI Lh&lﬁ?mu hﬁ%&mﬁ%%%&?icﬁg e%o” vacuum

(with a suitabl e vacuum rom 10.2 Torr to can consi st
essential | y oPeafirg fipiepmed st aeéh@hmaslatemrteleesmm of betyiaen BP°GR40BE  ni t r ogen

gas, helium ggseraily 80N 366:8)and aﬂﬁcf:a.n mmilﬁmg&@h tefrPbratirt B thne J?y fl ushi ng

a chanber wth inert gas and subsequent a/ drawi ng a vacuum on the chanber.
The inert om about 2 munutes to about 10 hows. During the t1me that the temperature is

maintained, target 50 and backing plate 60 can be compressed in a forge to pressure in
excess of 4000 lbs/in® (i.e., 4 ksi), preferably in excess of 8 ksi, and more preferably in
excess of 10 ksi. The compression of target 50 and backing plate 60 preferably occurs
25  according to a load profile shown diagrammatically in Fig. 7. Specifically, at a time T,
the target and backing plate are exposed to a pressure Py which effectively comresponds to
a non-pressurized state. Subsequently, at a time T, compression starts and ramps to a
first pressure Py. The pressure P, is preferably at least about 4 ksi, and more preferably
at least about 8 ksi. Pressure P; is maintained for a period of time until time Ty,
30  whereupon the pressure is increased to P,. The pressure P, is preferably at least 1 ksi
greater than the pressure Py, and can be, for example at least 2 ksi greater than P; or at
least 5 ksi greater than P,. Pressure P, is maintained until time Ta, whereupon the
pressure is relaxed and allowed to slowly decrease to a pressure P; by a time T,. The
time between T, and T, is preferably at least about 20 seconds, and typically about 1
35  minute. The time between T, and T, preferably comprises at least about 20 seconds, and



at nosphere preferably does not conprise oxidative conponents (Ilike ogégﬁe)
as such could adversely cause oxidation of the materials of one or JBUJ»
the bl ank 60 and target 35 50. It is noted, however, that an advantage of

t he HF/ HNCG3 cl eani ng descri bed above is 12 AUG 2004 WD 01/ 68937

PCT/ US01/ 0P 81/6883% hat such can renpve oxi di zabl e i npuri PCEYSPYEMa surface
of an alum numconprising material. Bor instance, the HF/ HNO3 cl eani ng can
renove the relatively easily oxidized material nmagnesiumfroma surface of
an al um num conpri sing mass Renmoval of relat i vely easily oxidizable
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the al um nsim @i A% theleshird brMBE Right and BERMAIa@ fs raledsed, WU edResaithor €adi |y
easi |y oxidi zeqx{‘ tperl als can inprove bonding of an al um num conpri sing
target nateri &l dn al um num conprising bonding plate. Specifically,
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conpri se, for amlieatiphseP; candat fonexainple fiomi dbad Stlahgabomnd kR kdainge pb@At e to a
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and nai ntai ning such tenperat ut 2 mnutes to
about 10 hours. DuFhergad niefile piiigthéiffers Femtteadiienahlogd profilss inthd tosstened, t ar get
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prefer xcess of, 8 ks and nore
preferably in™ Q%"&lg’ég Blpteq %&T 'S ee H’rf%rd BUE] BIFSHTe ek et pg:@)s“ﬁ:n’d backi ng
plate 60 pref erabingd @c cliglsly2d&ecreed dommpgtht tirge thaa theptagkitackighplar is
di agrammati caldyrisgFi 9. 7. Specifically, at a time TG
An exemplary thermal treatment procedure for treating a structure to form an
20 aluminum-comprising target bonded to an aluminum-comprising backing plate is as
follows. Imitially, an assembly comprising a target joined against a backing plate is
heated to a temperature of from about 230°C to about 400°C (preferably form about
300°C to about 350°C) and maintained at such temperature for a time of from 2 minutes
to 10 hours. The assembly is then transferred to a forge which is also maintained at a
25  temperature of from about 230°C to about 400°C. The forge is utilized to compress
target 50 and backing plate 60 together to 2 pressure in excess of § tons/in’, utilizing the
preferred load progression discussed above with reference to Fig. 7. After compressing
the target and backing plate, the assembly is transferred back to the furnace having a
temperature of from about 230°C to about 400°C, and maintained at such temperature for
30 an additional time of from about 2 minutes to about 10 hours.
The above-described exemplary method allows diffusion bonding (specifically,
solid state diffusion of aluminum between target 50 and backing plate 60), as well as
development of grains having 50 micron average grain size within target 50. Such grains
form due io cold work introduced in target 50 during the compression of Fig. 3. The

35  grain development typically involves three distinct steps. First, recovery in which




the target and backing plate are exposed to a pressure PO which effectively
corresponds to a non-pressurized state. Subsequently, at a tine T, 17 AUG 2004
conpression starts and ranps to a first pressure PI. The pressure Pl 1Is
preferably a‘S | east about 4 ksi, and nore preferably at |east about 8 ksi.
Pressure P, WPt ai ned for a peri og, of time until timPFLEGUher eupon
the pressure is increased to P2. The pressure P2 is preferably at least 1
ksi greater than the pressure PI, and can be, for exanple at |east 2 ksi
greater than Pl or at least 5 ksi greater than PI. Pressure P2 is
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to seal the target and backing plate assembly in the can. Also, the can preferably has a

20  small diameter tube which allows for vacuum checking of a weld seal on the can, as well
as for providing a vacuum or inert atmosphere inside the can. Once the target and
backing plate assembly is provided in the can, the can is welded shut. An inert gas or
vacuum can be utilized during the welding to alleviate oxidation of the target and
backing plate assembly. Weld integrity can be determined by conducting a leak test

25  using the small diameter tube. A final weld can be done on the small diameter tube to
allow a vacuum or imert gas atmosphere to be maintained in the can. During the time
that the target and backing plate assembly is subjected to diffusion bonding, a
temperature of the assembly can be monitored indirectly by monitoring the temperature
of a so-called dummy part having the same dimensions as the target and backing plate

30  assembly, and heated in either the same fumace as the assembly, or in an identical
furnace.

After the thermal treatment of the target and backing plate assembly, such
assembly is cooled. The cooling can be accomplished by cxposiné the assembly to either

a liquid or a gas, with an exemplary liquid being water, and an exemplary gas being air.




20 al um num conprising target bonded to an al um num conprising backing
plate is as follows. Initially, an assenbly conprising a target joi npyAUG 2004
agai nst a backing plate is heated to a tenperature of from about 230C t
about 4000%& eferably formabout 300C to about 350C) and nai nt ai ned at
such tenper®@®%or a tine of from2 ninutes to 10 houP§TUSNAMsenbly is
then transferred to a forge which is M so nmaintained at a 25 t enper at ure of
from about 230C to about 400C. The forge is utilized to conpress target 50
and backing plate 60 together to a pressure in excess of 8 tons/i n2, :
utilizing the pre r ference to
Fig. 7. After corrp?géslé%%dsg%ﬁm&m%vg%ﬁ Bﬁng %%P%n%%q‘fﬁ%eﬁ? fodn sysgjnbl y is
transferred b&E%Pﬂsélgtaﬁ@%@rﬁé}e@bqﬁégﬁﬁgﬁnéﬂrg% @ﬁﬂéb@ﬂ(@g elawfﬁﬂ,fmﬁimt%@ut 230C to

about 400C, a@gen@ﬁlom@hgﬁgb@,gg§qug;ﬂ{a§|ir@w0%glure for 30 an additional tine
of fromabout 2 m s to about .10 hours. The above-described exenpl ary
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dependi ng on a mper at ure an toth ragure.
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tr eat ment. It is found that the two-step pressuring of the load profile of Fig. 7 can, in

20 combination with the HF/HNO; cleaning described above, form tarpet/backing plate
combinations which are significantly improved relative 10 conventional target/backing
plate combinations. Figs. 8-10 compare target/backing plate combinations formed
according to methods of the present mvention with target/backing plate combinations
formed according to conventional methods. The target/backing plate combinations of the

25  present invention shown in Figs. 8-10 comprise targets formed from aluminum, and
backing plates formed from 2024 aluminum hardened by subjecting it to a teniperatwe of
about 375°F for about eight hours. Both the targets and 2024 backing plates were
subjected to an HF/HNO; cleaning procedure of the present invention prior to bonding
the materials together, with the bonding comprising a load profile of the type described

3¢ above with reference to Fig. 7.

Fig. 8 illustrates a percentage bond of a target/bacldng plate structure formed by
a method of the present invention (labeled “new process™) relative to a target/backing
plate structure formed by a conventional method (labeled “old process™). The percent
bond is determined from various regions of the bonded target and backing plate

35  structures. Fig. 8 illustrates that the percentage of bonding achieved by the old process



A particul ar process for acconplishing the above-di scussed thernal

treatnent 15 nethod is to place the assenbly of the target and bacliiz G 2004
plate in a can (for instance, a can made of thin-walled alum nun), 'and to
retain the asserrbl_y in the can during the heating and forging (i.e.,
pressing) a%98YF%¥%d with the diffusion bonding. The can PQIFEHENHM v
conprises two parts, and a wide flangd& which allows for subsequent wel di ng
to seal the target and backing plate assenbly in the can. Al so, the can
preferably has a 20 small dianeter tube which allows for vacuum checki ng of

a weld seal on,the;c Ll for. providin acuym or inert
at nospher e insi de i ggaggﬁécr c?lé H’Et%?aac? 3#%05?3%%‘5“ aﬁ%@‘ﬁéﬂé pg‘feaf"gh &%enbly is
provi ded in t FE@akrvingiss hamd5sbopdingl enl shan tegioArhaving P1% Yaslingor greaguum can be

utilized duri mgcdnsst \WakeitBeidne pitelsBY I I o and
backi ng pl ate.asseg?llﬁ%gridvél d ?Rt egri%@é%ﬁe&bg@%&gg&r}%&ne ggitﬁ%grg%ﬁtcti ng a

| eak test 25 FSFHY e han 2 Endipg pifremly Adismibyier agiessek Bip/isekinkone on t he
snmal | di amet eplatetibterfice of &le|spinge. VLR bohdiSY §f A RisTRERRSIEL A be

mai nt ai ned in N, ring the ti h the target and backing plate
assenbly is subj %&%Zbém? C?CJ a&iafl%ﬁséﬁ gjﬁsc%nﬁmdﬁlg%ﬁtheta@ﬂiﬁséﬁ’ Jgiedargsts 5 assenbl y
can be noni t ostapnadndhe weadts ghobyd fratrantaperage-fchrebdnd iparcatvdittonal ghocass&0- cal | ed
dummy part hayiBg.bbs SRiEs flk FRESIH 7 n cking plate 30

assenbly, and Shoeat ed 1n ei%her t he g%ntggpﬁ)?%sa%%ﬂ%%&fﬂé%é&%@ﬁﬁa???‘%or in an
i dentical fuPfifAce. After the thermal treatnent of the target and backi ng

pl ate assaobly, SUER. 9 asseEblcitioS RAMOERe tedbISF :620hIInE Al REuAEEGTP! | Shed
' ith an _exenpl ary

by exposing the assembly. to ejther a liquid or a gas, W €

l'i quid bei ng \?\}a"tpé"%s?“?é“ﬁ’a%aﬁ?‘%&e ChpPef Progae) B‘%’P o %g"cifr’“ﬂueg?@e%m&o 01168937
PCT/ US01/ 0740#afPtyguatmse fabdisd thld pussell Bivousilectests Wae tataminad eheaithgbacki ng
plate assenbl yndld suGRHaHoRIbdveth b Uikt dhd SHEHOBRAMAL YEL D hAL St SO and

backi ng pl at e, 60, V\nﬁt h atensile streéengt el ng greater than

10, 000 psi. | 9%t of &fergelbacking sletesinetwen Repulip dadipats dhayaematerisf gBthe50 and
backi ng pliat ep@noihvenBoraas GavaltyhsifeOstreriih R\eREeR0S 10060 pbusdsA, 81 ar get 50 can

be bel ow 100 pj nd even below about. 50 m crons after bonding.
Specifical ly, Eqé:g%(rggdﬂoor?;aﬁglfngmﬁof ?%ﬁ’n%f?“g’?f?n“ﬁg‘mwwawnéﬁé esgrettfl grains in
target 50 can2 Herget/backingxplate rstrditure i the pofsent ésentdnarelafi® to RbmEmiRss]l, and even
| ess than aboteebcihe pRRSclig. above-di scussed small grain size can be
acconplished by starting with a target which has been col d-worked, but

whi ch does ig. 10 1lustrates a dependence of yield strength of a backing plate treated

20 according to methods of the present invention (labeled as “new process™), relative to a
conventional backing plate (labeled as “old process”). A backing plate treated according
to methods of the present invention is shown fo have significantly better yield strength at
any temperature from about 20°C to about 320°C.

The results described above evidence that methodology of the present invention

25 can significantly improve bond strength, vniformity of bonding across a target/backing
plate bond, and mechanical properties of a backing plate relative to conventional
processes. The improvements in bond strength and backing plate hardness can lead to
improved warpage resistance of target/backing plate structures of the present invention
relative to conventional structures. Additional improvements of backing plates formed

30 according to methods of the present invention relative to conventional backing plates are
that a microstructure and texture of a backing plate formed according to methods of the
present invention are found to be thermally stable, even relative to exposure at 300°C for
72 hours.

Other comparisons of target/backing plate structures produced in accordance

35 with methods of the present invention and conventional target/backing plate structures




10 not have grains forned. Accordingly, a recrystallization. process wll
occur in the target naterial prior to growh of grains. For PVD-targhisc 2004
al um num such recrystal |ization process typically takes fromabout 20 to
30 m nutes at terrperature of between 200' C and about 450' C, dependi ng on
the type and” 88ﬁ83%ntrat| on of dopants._ It |s general |y d’é“ér{qséﬂ"?ﬁ‘

alum numgrains remain relatively smalT (i.e., averaging |less than 100 15
mcrons in size, and nore preferably averagi ng less than 50 mcrons.) in
targets conprising high purity alum num (e. g , elenmental alum nunm), and
alum numallo Ig e s utterl rocesses in
whi ch al um nuﬁﬁﬁ‘ggggrﬁtt%g%}ggc%ﬁ gfat% ﬂ&m?t gf%‘e neﬁttné?e? al’ h?‘é‘:lag S SE
sputtering oc@&RT i HKgPEHBRicLorEnipsen. fod ppiealensita Gien gelitive géfmSlg’r(é" plemes It s

f ound t hat theudhwemu)emzom qmwawgmﬁ ad aﬁvénﬁaﬂl afg@%atﬁgﬂgxat&tgm?csca“ in
describ above, form

20 conbinatio é}{‘ t he HFI rP2]03 cl eani n

t ar get / backi n&cfﬂr gD, PEsHSTS tﬂi‘ed?‘i"ss“%f\/d’?"é iog dg ngf %‘?ﬁ“ﬁ‘ﬁh?ﬁf?t BB rsiFged

rel ati vetté Cf[p}'e?mi: ﬂﬂdﬂoﬁ&fagﬂio/dﬁglﬁﬁ’ddtﬂglwm ?te conbi nat i g_ns fl gs. tﬁ éo f
conpare target/baolcjn inations formed according to nethods o
the present inventi oh’ \?\(Iile %‘%%?Fget 3i ‘SP%PQH%SOFPS"%{{’? % red
according to mtemanmlofﬁw%rﬁdstatea'hessurabgtemﬁdmkl ng pl ate conbi nati ons of
the 25 present inv LQ ] rise . tar med from
al um num and bac%ggng tht;lgléw %)egrf{%fgﬁero %“fﬁ‘ orﬁ1°ﬁt}?ﬁs ec en%d{ by

subj ecting it strustugal F‘&fﬂ@?@t%ﬂrfeﬁﬁms Iteiptonke UBW@daﬂ’@Wﬂ&b(ﬂm ﬂleurghtuotnaur s. Both

the targetis ane A4 faaaaknspalﬁ@l RIRSs WRhA anata&&is.z@qmwﬂ@nmtﬂﬁé HNR,3 ¢l eani ng
pr ocedur e of theiPFpEesent nve tion ior to bonding the materials

t oget her, Aiseiered BTG Rye E‘B‘Hﬁ ﬁb‘“’&g FhGé.’B’e'Eﬂ"Bf”itq feef Thhiavenygpes.descri bed
30 above wthmeefm,elawdtmaﬂ of. its Fornisiof) modifitdtibrestithat ®e pRpetae st age bond of
a tar get/back% gg[ﬂgmétructure formed by a nethod of the present
invention (la new process”) relative to a target/backl ng plate
structure for rred by a conventional nethod (|l abeled "old process'). Ile
percent bond is determ ned fromvarious regions of the bonded target and
backing plate 35 structures. Fig. 8 illustrates that the percentage of
bondi ng achi eved by the old process 12 AUG 2004 WD 01/ 68937 PCT/USO /07404
12 varies significantly across an interface of bonded target and backing
plate, with sone regions having | ess than 85% bondi ng, and ot her regions
havi ng 95% bondi ng or greater. |In contrast, a target/backing plate
structure formed according to a nethod of the present



invention has greater than 95% bonding uniformy distributed across a
target/backing 5 plate interface of the structure. The percent bonpl Ads 204
Fig. 8 was determ ned by an ultrasonjic bond scan anal ysis (C scan bond).
For the analysis, whole targets were l4scanned. The results showed that an
average C-scan bond from conventional processes is about 92% whereas the
C-scan bonds of a process of the present invention are above 95% 10 Fig.
9 shows the result of RAMtensile £asfiMBf a target/backing plate structure
of the present invention (|labeled "new process”) relative to a
conventional target/backing plate structure (labeled "old process”). The
tensile tests re determ ned. by, neasuri .tensile.strength of a bond

bet ween a tar get and@%ﬁ%cﬂapmléuég ﬁéﬁ&&ﬂ{ﬂllym‘ﬁ%}mg%gpg% b aISBE%ﬁ%i ons of
a target/backing plate structure. Results indicate that a material of the
15 pr esentlumingm-canpreare massecamprigs strength in excess of 10, 000
pounds/in2, and even in excess of 16,000 pounds/in2; evidencing a

substantial inprovenmstiding 4 8i$ alugnisihenaiphsip mastand gedetdral dungnum-at e
structure of the present invention relative to conventional target/backing

plate str %g#@&@glgaxgg%; tl'%gﬁxiﬁ Lluﬁgr;@ﬁ-%émﬁﬁﬂﬁggﬁ(}gﬁg%ﬁ{.gfa frsCifast DG Of a

backi ng pl according to net e present invention
(label ed as "ne rocess") . .relatiive.to a cpnvegntional backing plate
{1 abel ed decomaeBipEEeTmgtsh BRI e Sea S MERE accor di ng t b met hods
of the present invention is shown to have significantly better yield
strength at any ten§¥epsingé leashanewd the fost and spsend suferes e THESM t s
descri bed above evi dence that nethodol ogy of the present invention 25 can
si gni f i carbmprismprldl endBEIND st rengt h, uniformty of bonding across a
target/backing plate bond, and nmechani cal properties of a backing plate
relative to conventim@lmemxggﬁﬁgeﬂlysﬁaﬂyimﬁmg Sirdt nsubfapsl weith et h and
backi ng plate hardness can |ead to inproved warpage resistance of
target/ backiiih Ri@ke structures of the present invention relative to
conventional structures. Additional inprovenents of backing plates forned
30 according to nethods.of ,the present ,invention relatiyve-to conventional
backi ng plates are ?rﬁ%ﬂlﬁiﬁﬁtg‘g&ﬁf(‘?f‘ﬁ%% c@g&tpﬁarogd(t)lfe %{Sﬁ%ﬁ ﬁghepl ate
formed according to nethods of the present invention are found to be
t her mal | y §6@st Bassedch rel ative to exposure at 300C for 72 hours. O her
conparisons of target/backing plate structures produced in accordance 35
wi th nethods of the phersimnthe ienpesing eomprisgs ewposing onenell the firgfeandosectrdhg pl at e
structures

surfaces to a first mixture comprising HF and HNOs, and exposing the other of the

first and second surfaces to a second mixture comprising HF and HNO;.

2. The method of claim 1 wherein the first and second aluminum-
comprising masses correspond to a backing plate and a physical vapor deposition

target, respectively.



17 _ AUG 2004 WO 01/68937 PCT/US01/07404 13 show that the target/backin

pl ate structures of the present invention have about the sanme grai n]%iAB[é,?ﬂm
preci pitate concentration, and plane density (i.e., relative intensity of

pl anes such as (111), (200), (220), bhd (113)) as conventi onal
target/backing plate structures. Accordingly, processes of the present

{ nventi on do NG, detTHITRREMBAIf Mifi8 bwiihahhe KR alyinBhEGIRbl Py B i N

or aratio of plane density. In the descriptions of pressures

t enper at ur, . . “about” indicates varjation of10% of a stated
pressure é:r%ﬁflgtprr%\é%g? %1?%.0 %%ug}l?%\?’e# FERIShAE SR yd’g§ Bug Y"Hﬁl(f%fﬁ e nore
or less s %g)f'c as to sfructur@!S and net hodi cal features- It is to be
under st ood”“h8hele PT MoRe £lemeats; ssipsted; fipmithe group ronsisting ofedi, Ca, GeePhpeci fic
features shown and descri bed, since the nmeans herein disclosed conprise

pr ef er r ed SnoAgs Gaf HfuMg, Mn. tSeeZnnBeBaj Be, CnCq @, fGs Co, TheDy,rBeFej Ga, i S,
therefore, clainmed in any of its fornms or nodifications within the proper
scope of (Hs Ir, ZRPERdRE, oftaNG Ni 12 PAUB2 04ptl fu, BhAUNE, Bv, S /Shhed 9!

bonding a first alum numconprising nmass to a second al um nunt conpri si ng

mass, COngfy TE,”H,:THQVWH’”??%%J?f st al um num conprising mass and a second

al um num coénpri’sing hass’ I'rst al um num conprising mass having a
first surface and the second al um num conprising nass having a second
surface; exposing at |east one of the first and second surfaces to a
m xture conprising HF and HNO; after the exposing, physically contacting
the first surfdee wikhs method aldeimy2 sheraan the seeardsaluminumecdmpritingmdsss econd
mass together to bond the first mass to the second mass; and wherein the
exposi ng congists seentalhosf alymimen;oér ¢dneisfsi esséntially of Q@i BumSwith 36 $hdn0 a
first mxture conprising HF and HNG3, and exposing the other of the

10% of one or more elements selected from the group consisting of Si, Cu, Ge, Pb,

Sn, Ag, Ga, Hf, Mg, Mn, Sc, Zn, B, Ba, Be, C, Ca, Cd, Ce, Co, Cr, Dy, Er, Fe, Gd,

Ho, Ir, La, Lu, Mo, Nb, Nd, Ni, P, Pd, Pm, Pr, Pt, Pu, Rh, Ru, S, Sb, Se, Sm, Sr, Ta,

Tb, Te, Ti, Tm, V, W, Y, Yb and Zr.

5. The method of claim 2 wherein the first aluminum-comprising mass is
selected from the group consisting of 2000 Series, 3000 Series, 4000 Series, 5000

Series, 6000 Senes and 7000 Series aluminum.

6. The method of claim 2 wherein the first aluminum-comprising mass is
2000 Series aluminum which is thermally treated at a temperature of from about
250°C to about 800°C for a time of from about 10 minutes to about 1 week prior to

the exposing.



first and second surfaces to a second m xture conprising HF and HNG3. 2.
The nmethod of claim1l wherein the first and second al um num conpri Sﬂz”ﬁlj[; 2004
masses correspond to a backing plate and a physical vapor deposition

target, respectively. 12 AUG 1004 15 1@. The nethod of claim 2 wherein the
first alum num conprising mass consists essentially of alum num or

consi sts essent7.al | yThd mathodiofialaimi2 whéreinsthé fiasn ahukifammiconipRisie hms §s

el enents selected fromthe group consisting of Si, Cu, Ge, Pb, Sn, Ag, Ga,

|_'f ) ) MQOOSCS %37 al%l- ) e ) |_b1
It t/g, LU Mo Nb. Nduﬁ?Nl} ,ﬁgs,h %dt,hg%ﬁl%ﬁr?%‘ti ,ag%ut,egrsﬁr,a%,&rsf,m‘gb?“gg, sm

Sr, Ta, TMHxabe, i P Y.:Yba r . e net hpd of. claim.?2 erein the
second al ujr?i'ongr%‘g ggar;%t]rrllo?i %\géﬂ%ggm 023%’& E?%“tgg?é‘mti"ﬁf’v 19 howrs PRioTURYtheo r
consists essentially of alumnumw th |less than 10% of one or nore

el ements SEPEYPEd fromthe group consisting of Si, Cu, Ge, Pb, Sn, Ag, Ga,
Hf, My, Mh, Sc, Zn, B, Ba, Be, C, Ca, Cd, Ce, Co, Cr, Dy, Er, Fe, Gd, Ho,
lr, La, Lu, Mo, Nb, Nd, Ni, P, Pd, Pm Pr, Pt, Pu, Rh, Ru, S, Sb, Se, Sm
Sr, Ta, Th, Te, Ti, Tm V, W Y, Yb and Zr. 5 The nethod of claim2

wherein the firgst alTHY metbg 8Mlaint b Wherds thel L oup
consi sting of 2000 Series, 3000 Series, 4000%%"?%‘5’?&@%}3%&9@&%%?%56000

Series an ks j . net haod_of claim 2.wherejn the first
al uni num %grﬁr%?tlgse?%h?rgys g’kildlsuﬂg{%o%ﬂiﬂgsora{wfﬁi LRPRH B Flicoms Vit the,
treated at temperature of fro bout 250 .Ctqg about 800 C for atine
of Tt om alSSRPUr ORI RRELTeAty DAY+ 3 e dnass And ese Shanapeuie e sit s mass AL
20114 16 7. The method of claim2 wherein the first al um num conprising
mass is 26B0vehtanddhe silieomsomprising loss then afxuk §0%Yrof Seerdasat(byp weihper at ur e of
from about 350C to about 400C for a tine of fromabout 6 hours to about 12
hours prior to the exposing. 8 The nethod of claim2 wherein the second
al um num conpri si ng mass

9, A method of bonding a physical vapor deposition target material to a

backing plate material, comprising:
Joining the target material and backing plate material in physical contact with
one another;
compressing the target materia) and backing plate material under a load that
progresses sequentially as follows:;
(1) the load is maintained at a first pressure of at least about 4 ksi for a
time of at least about 20 seconds;
(2) the load is increased by at least about 0.5 ksi to a second pressire;

and

(3} the load is maintained at the second pressure for at least about 20

seconds; and

wherein the compressing bonds the target material to the backing plate

material,



consists essentially of alumnumw th one or nore of copper and sili cq&) P
with the copper conprising greater than 0% of the nmass and | ess than mmﬂé
10% of the nmass (by weight) and the silicon conprising |less than about 10%
of the mass (by weight). 9. A nethod bt bondi ng a physical vapor deposition
target material to a backing plate material, conprising: joining the

target materi all0and Thaekethnyl oficlatim drbutrthei comprising) yReranbinReih@tde IMdA  one

anot her; conpressing the target material and backing plate material under a

| 0ad t hat thefseogidEpressine 6Hieitg!tht 106435 aftld BHSsuré dberldimb 874k s YR 21 Ned
for a t t

at a first pressure of at |east about 4 ks Ime of at least about

20 seconds; t LSy g t.least about O ksj to a second
pressur e; §amn %CSS) nl?h&elﬁ?}e{%é}dse r%’aﬁﬁggﬁgtﬁgéhag’t [hfﬁims%rﬁ)sﬁﬁe ﬁ%%ﬁi@"f@f’ at

| east about 2& seconds; and wherein the conpressing bonds the target
material To LhR Bk ng plate material. 17 10. The nmethod of claim9
further conprising, after nmaintaining the |load at the second pressure,
reducing the load to a third pressure over a tinme of at |east about 2

m nutes, the third pressure being greater than the first pressure and | ess

than the secobll pr&asuiethodldf cldine10mehbth OF firsEprodshf WHRING bBodtRekdi i T St
pressure is fromabout 8 ksi to about 10 ksi, and wherein the second

o1 cssur 6 1o From Smod Rentlht 3o blesie fohom B LTEHE) ok

pressure is fromabout 10 ksi to a W aim9

wher ei i IS, f b 4 ksi ut 10 ksi. 13. Th
ot hodt of o ey B Rkl it O SR Lo &S oo 18 RRhbout 4 ksi to abour

10 ksi, and wherein the second pressure is fromgreater than 4 ksi to about
30 ksi. 14. The nethod of claim9 wherein the backing plate material is
selected fromthe %r oup consisting of 2000 Series, 3000 Series, 4000
Series, 5000 Skt esThepwthod of claim 9 wherein the first pressure is from about 4 ksi to

about 10 ksi.

13, The method of claim 9 wherein the first pressure is from about 4 ksi to

about 10 ksi, and wherein the second pressure is from greater than 4 ksi to about 30

ksi.

14. The method of claim 9 wherein the backing plate material is selected

from the group consisting of 2000 Series, 3000 Series, 4000 Series, 5000 Series, 6000

Series and 7000 Series aluminum..

15. The method of claim 9 wherein the target material consists essentially
of aluminum with one or more of copper and silicon; with the copper comprising
greater than 0% of the mass and less than about 10% of the mass (by weight) and the

silicon comprising less than about 10% of the mass (by weight) aluminum,




Series and 7000 Series alum num. 15. The nethod of claim9 wherein the
target material consists essentially of aluminumwith one or nore oflZ AU6 2004
copper and silicon; with the copper conprising greater than 0% of the nass
and | ess than about 10% of the nmass (M weight) and the silicon conprising

| ess than about 10% of the mass (by weight) alum num 12 AUG 2004 18 16. A
t ar get / backi ng !fi at & &rgetdacking stredtngy eomaising & ahosimmikcosiprginghy si cal
vapor deposition target bonded to an al um num conpri si ng backing plate to

a bond st pbysjtah vaporgiepaticion tirger bbAdEDR Aballinirim LoapALiAg Bg&iﬁ%ﬂﬁtm

conprises at |east 99.95% alum num and the backing plate conprises

al um num t S0 Fi eries, 300 eri es,
4000 Ser i ggoﬁggggn%gﬁpe%?ﬁ%,oggg d8.0PQI6VAF. Bilertin B ¥itg -ARHSAT AL feast®" e

structure | ay &9 in.the target is bonded.to the backing plate to
a bond st?g'%g;?nhglg%g gr eg?’éﬁq{‘%&ﬁc B SH3€ | mprises aliminum selsctedcfromethet ¢l ai m
16 wherein the target is bonded to the backi nge.pl ate to a bond strength of
greater t NP LANESIENG PE£D0D Senies, 366(Seriasud0Qd Serik, 5009 Series, 6H08r Sdriest he

target is bonded to the backing plate to a bond strength of at |east about
16, 000 | band 100 Series aluminum,

17.  The structure of claim 16 wherein the target is bonded to the backing

plate to a bond strength of greater than 10,500 Ibs/in?.

18.  The structure of claim 16 wherein the target is bonded to the backing

plate to a bond strength of greater than 14,000 lbs/in®.

19. The structure of claim 16 wherein the target is bonded to the backing

plate to a bond strength of at least about 16,000 Ibs/in?,





