4 MAY 2005 1 DI SK CARRIER 2 3 Background of the Invention 4 This
invention pertains to structures for holding disks during sputtering., This

5 invention also pertains to nmethods and apparatuses for manufacturim ﬂé? 55
magnetic disks. 6 Magnetic disks are typically manufactured by sputtering
an underl ayer, a 7 magnetic alloy filmand a protective overcoat, in that
order, on a disk-shaped substrate. s An exanple of such a process is
descrirbed in U S. Patent No. 6,150,015 issued to 9 Bertero et al. on
hbvenper 21, 2000, incorporated hg erence. 10 During sputtering,
t he follomnng steps are typlcally per orne t 1 1. A disk-shaped substrate
is placed in a "disk carrier". (The substrate can be glass, 12 gl ass
ceram ¢, al uni ni um pl at ed with a ni ckel - phosphorus all oy, or other 13
appropriate material. The nickel -phosphorus alloy is sonetines reffered to
as 1% " Ragkeryundofrthe [pvestion (but not all) manufacturing processes, the disk
carrier carries the 16 substrate past a heating elenment for heating the

substgate. 17T8is ifibentidngleranisrs efucares f@holdieg Sislassattratgesptxhém@ hrigput tering
apparatus, past several is sets of sputtering targets. . The substrates

are tshe”nfv%ﬁ@? Qs& P&%E@ﬁ) ﬂb{%d é{cf & cfn%gs t(ﬁ"n'la‘}x%?acht{gx%%n&’%u fi gkxgarriers
are known |nt or exarrp Isk carriers gdurlng | ow
tenperature SRY tte ess see 5, 244 5; 5,296,118; 22
and % 505, 4810 zaEht HOKF BR AT R E TR i Bl P AR by o by
reference-" 23 These di sk carriers |nclude vertical plate with a

subst ant magnsiicalloy filgr angdye pioiggtive pvercoat, n that order, on a disk-shaped substrate.

8  An example of such a process is described in U.S. Patent No. 6,150,015, issued to

9 Bertero et al. on November 21, 2000, incorporated herein by reference.

10 During sputtering, the following steps are typically performed:

11 1. A disk-shaped substrate is placed in a “disk carrier”. (The substrate can be glass,
12 glass ceram 'flt’ini‘inum plated with anickel—phosphorus alloy, or other

13 appropriatéiiaterial. The nickel-phosphorus alloy is sometimes réterrea 1 a3

14 “NiP”.)

15 2 In some (but not all) manufacturing processes, the disk carrier carries the

16 substrate past a heating element for heating the substrate.

17 3. | The disk carrier carries the substrate through sputtering apparatus, past several

18 sets of sputtering targets.

19 4. The substrates are then removed from the disk carrier.

20 Various types of disk carriers are known in the art. For examples of disk carriers

21  used during low temperature sputtering processes see U.S. Patents 5,244,555; 5,296,118;
22 and 4,595,481, each assigned to Komag, Inc. and incorporated herein by reference:-

23 These disk carriers include a vertical plate with a substantially circular opening for



1 4 MAY ZN5 T | receiving a disk-shaped substrate. A groove is provided in
the bottomof the circular 2 opening for receiving and hol ding the outer
edge of the substrate. During |low 3 tenperature sputtering processes t%
substrate is placed within the carrier and carried 4 past a set ofh MAY 1005
sputtering targets. The substrate is typically not carried past a heating 5
el ement prior to sputtering. Therefore, the carrier need not accommodate
nmuch thernal 6 _expansion of the substrate relative to the carrier. 7 US,
Pat ent! ApgFiiviagiaghslogiapod swpiratef A grigove isaieyidedin thghottemn@f thestighbad to 8
Komag, Inc., teaches and cl ains several types of disk carriers used in a

hi gh tenpgraingrfer re@eivg anerliohding thecmts edgd bfthe 30istiapp| Dwaig low i S

i ncorporated herein by reference.) The '301 10 carriers also include a
vertical phdbanik shuttrinb prdteddes ARE BB aleqS plaB&BWIhMAh& caHbSidPdBriedOr | |
exanple, in 301 Figs. 2Rto 2E (Figs. 1A to 1E of the present application),

the '301 12 appli-catjon sho enbodi nent . of. a disk carrier 100 conprising
2 ver f o SR or SEHLRRaHRYR  §Pe STRRRE R Brichhy Bel batird it p B 102 For
recei ving_a disk-shaped substrate 106. 14 During a high tenperatur

sput t €r i rigepEdEies to enutieriag. Thpyelors. theewrdenyeed ap‘ga%el@rrt%ééﬁ lauﬁn@eﬁ’éait i ng

el ement prior to sputtering. Because substrate 106 has a nmuch | ower thernal
16 mass texpansiem of tbe sulgatethlativetypthe stwiee of substrate 106 can exceed the
tenperature of 17 carrier 100 by 200" C or nore. Accordingly, carrier 100 has

the fall ow ng UlsParheAppslidatisn 09488801, filee Dictihel DA 1988 aAd séstgnednd shape such
that it can hold substrate 106 when 19 substrate 106 and carrier 100 are

both at rROM,L GHPEfeALHYs Gnd ERims seﬁ?eﬁm't}@gs 045k 8RRl Hed HPS hioBlEmpAGphIeN
substrate 1067is at an elevated 21 tenperature with respect to carrier 100
W t hlo"ét hs%\llljctglgngcgrrorcés%.r (’111960‘385 ggﬁ%cggon is incorporated herein by reference.) The ‘301

10 | carriers also include a vertical plate with a circular opening for receiving a substrate. For

11 example, in ‘301 Figs. 2A to 2E (Figs. 1A to 1E of the present application), the ‘301

12 application shows an embodiment of a disk carrier 100 comprising a vertical plate 102

13 having a substantially circular opening 104 for receiving a disk-shaped substrate 106.

14 During a high temperature sputtering process, carrier 100 carries substrate 106 past a

15 heating element prior to sputtering. Because substrate 106 has a much lower thermal

16  mass than carrier 100, the temperature of substrate 106 can exceed the temperature of

17 carrier 100 by 200°C or more. Accordingly, carrier 100 has the following characteristics.

18 1. Opening 104 has a size and shape such that it can hold substrate 106 when
19 substrate 106 and carrier 100 are both at room temperature.

20 2. Opening 104 can hold substrate 106 when substrate 106 is at an elevated
21 temperature with respect to carrier 100 without having carrier 100 pressing
22 against substrate 106 so as to cause substrate 106 to bend or bow.



22 agai nst substrate 106 so as to cause substrate 106 to bend or bow 2 4
MAY 2005 Substrate 106 is di sk-shaped and has a dianeter of 95.025mm (e.g.
a radius of 2 about 47.513 nun) at roomtenperature, a thickness af; @a88gmm
at roomtenperature, a dianeter of 95.572 rnmat 300'C and a thickness of
0.890 at 300'C. Substrate 106 has a 4 central aperture 107 forned therein.
Substrate 106 typically conprises an aluminumb5 alloy plated with a NNP. 6

Qpeni ng 104 of. carrier 100Q caqnprises. an upper circular. .portion_104u.and a
| oner! 7 ci rc§P§$U%5%ﬂ6§ @ﬁi@@#@Pe%%haS@r digmeter op 8- V2 yRmM(G 8.2 FEUEOLr adi us R

equal to about 48.82 8 min about a center C. (Radius Rl is greater than the
roor n2 t eapert 47 %18 nsuh st roametempeiatize,)a thickinesseorf 0ol minoat réGtemperepeniang 104
extends about an arc of approximately 176'. o Wthin | ower circular portion

1041 is il 9502 (hinG$ 300° @ah@akhlahlés%fo%9@wzawcarsu@s&&é106 h@.,ohge 106a
of substrate 106. Groove 108 extends continuously along the Iength of 12

cir Cul ar an(%latl gé}tu]fg 4167 Fc%ncaéﬁ\{ﬁ?rggxb %%Sﬁi%g% gallpaclohlja x%g%ﬁ‘l ?%‘EII%%RH’I( Fig. JE)

which fo angle aving a width W
of about 8%12 The_ 14 distance D (Fig. IA) bet ween the center C of
openihg % ‘?‘l’éh?% 108t of groove 15 108 is typically between 47.424
and 47.454 nim (i.e. less than the substrate radius). The 16 distance

bet ween t he cé&lpeaingd Wrofepwisr AQ0 comprEsas ol upper ¢iradys poftiay Kuand edovver
typically 17 between 47.907 and 47.937 mn (i.e. greater than the substrate
radi us) . ciccudanveortios 1048. Uppen ai@tizs pohimn i0duhese hakupRi visal idSsout 408D (Fi g.

| A). Points 109a, 109b are about 2' | 9 below the horizontal dianeter of

openi §ig 104 abd@ 2Aente® @N (RABRE ALY ofeafds MIsdT BE Sockh) erlifattre AaBbtiite eddiks. 513 MM
and a thickness of 21 0.800 mn. Thus, when substrate 106 is at roorn

tenpegature —aigﬁe?ﬁgﬁlo'nrl 041 &Qéi)%m]n%% '04 extends about an arc of approximately 176°.

10 Within lower circular portion 1041 is a groove 108 (Figs. 1C to 1E) for receiving an outer
11  edge 106a of substrate 106. Groove 108 extends continuously along the length of

12 circular portion 104]. Groove 108 includes side walls 108a, 108b (Fig. 1E) which form
13 anangle al of about 100° and a floor 108c having a width W1 of about 0.25 mm. The
14 distance D1 (Fig. 1A) between the center C of opening 104 and the top 108t of groove
15 108 is typically between 47.424 and 47.454 mm (i.e. less than the substrate radius). The
16  distance between the center C of opening 104 and floor 108c of groove 108 is typically
17 between 47.907 and 47.937 mm (i.e. greater than the substrate radius). Groove 108

18  terminates when it reaches points 109a, 109b (Fig. 1A). Points 109a, 109b are about 2°
19  below the horizontal diameter of opening 104.

20 At room temperature substrate 106 has a radius of 47.513 mm and a thickness of
21 0.800 mm. Thus, when substrate 106 is at room temperature and rests in groove 108,

22  edge 106a of substrate 106 is a distance D2 of about 0.12 mm from floor 108c of groove

23 108 (Fig. 1E’). At a substrate temperature of 300°C, edge 106a is about 0.16 mm from



22 edge 106a of substrate 106 is a distance D2 of about 0.12 nun front fl oor
108c of groove 23 108 (Fig. IE ). At a substrate tenperature of 300'C, edge
106a is about 0.16 nmfrom 3 4 MAY 20,15 | floor 108c.' Substrate 106
adequat el y supported by groove 108 when substrate 106 is at 2 roor:ng MAY 2005
tenperature (about 20' Q However, because the radius of floor 108c of groove
3 108 is greater than the substrate radius at roomtenperature, carrier 100
can 4 acconmopdate thermal expansion of substrate 106 w thout causing
substrat ‘o dyanas v e AL AN R () i t TR sses,

121 §10b09089 %g)‘g%ragg 1@85&‘?%%{;&6{%?}1%&&&%;@0@%%8 \glgé}% C@gt?ét@ 106 RCRSSE:

substrate 106 1s to a ure about 2 ore sputtering.

7 Aboye points 109a 9b, e 108 term nate a a. ess 112 having a
dept h\ﬁ 8 TP SFBH AT é 9 %Og{zﬁoj\(iﬁwaelﬂﬁ)ca?sfqﬁ%lraﬁé% c{fﬁlogl iﬁ OOt carrier
100. %Carrie_r 100 has a 9 width D5 of about 11 min.) The walls of recess
112 i Acl U48 1¢ greater than thenibpiants 518 isor soorn tempegatune o rieri @0 cana)  whi ch ext end
inalinear direction, and a third, curved portion 112C. 11 Recess 112

per m #s laoamnmgdae theraabaxpbnodn sifubstrae €04 O6thdutamsing sulistdteofO6carboiver 100.
12 (However, it is not feasible to | oad substrate 106 fromthe other side

117 ofk cajutwatlyl Whring sb_?aaecﬂaﬂy@%fp@@a&&ﬂe%desdes,%@bmat_é he6 alldatedftohecess 112 is
circular, and has a radius of about 14 53.80 min froma point C that is

a di Stéan‘i&nﬂ%aﬁpé)&?abﬁgﬂfodgt e?&gg@g&%géer point C. 15 Linear walls 112a and

11 2b are a distance of "about mn frompoint C. 16 A bevel 116 is

formed on side 114 of c i 100 to ilitate exposur f. 37 subst.rate 106
Lo o dsen to. e gous ik fon: BRove b Rpminiscuil e U et SR Tue 18
117 of carrier 100, alsqg to facilitate exposure of plasma_to substrate 106
during 19P%phabost o-Afmp&Kigl Wo)sdormed in pgideok i ofeamicg 180y (Cariend0asiag. | )
with the side of carrier 20 100. Bevels 116 and 118 are circular, with a
radi u¢ R3vidth RHofiebawmy 11 &am.p nkhefwallsi of reeess €12 @clude first and second portions

10  112a, 112b (Fig. 1A) which extend in a linear direction, and a third, curved portion 112c.
11 Recess 112 permits loading and removal of substrate 106 from side 114 of carrier 100.

12 (However, it is not feasible to load substrate 106 ffom the other side 117 of carrier 100.)
13 Curved portion 112c¢ of the wall of recess 112 is circular, and has a radius R2 of about

14 53.80 mm from a point C’ that is a distance D3 about 4.44 mm above center point C.

15 Linear walls 112a and 112b are a distance D4 of about 52.10 mm from point C’.

16 A bevel 116 is formed on side 114 of carrier 100 to facilitate exposure of

17  substrate 106 to plasma to during sputtering. Similarly, a beQel 118 is formed on side

18 117 of carrier 100, also to facilitate exposure of plasma to substrate 106 during

19 sputtering. Bevels 116 and 118 form an angle y1 of 26° (Fig. 1E) with the side of carrier
20  100. Bevels 116 and 118 are circular, with a radius R3 of about 57.16 mm from center C -
21 (Fig. 1A).

22 Fig. 1C is an expanded view of a portion P1 of Fig. 1A where groove 108

23 terminates. As can be seen, below wall 112a, a wall 112d that curves downward and to



21 (Fig. IA). 22 Fig. I1Cis an expanded view of a portion Pl of Fig. IA
where groove 108 23 term nates. As can be seen, belowwall I | 2a, a wall 1
12d that curves downward and to 4 KAY 20M | the right toward opening 104
bounds recess 112. The radius of curvature R4 of wall 112 2 is aboutiigmm 3
The ' 301 application teaches that in an alternative enbodi nent, one can nake
4 groove 109 shall ower at the | owest point of the opening (e.g. near point
109c¢) than anay 5 fromthe | owest point of the opening (e.g. near points

109 10 t t trat
mheﬁ %heag% ?g?gﬂﬁggﬁ?hgggﬁéF&k18??%8?% ?ﬁ %@&{cg%ﬁaV|ngb9he suﬁﬂﬁfaig ©

fall out.o {1 eni-ng. The 301 application teaches anot her 8 enbodi nent
in wh ch’S O%’QH %’5‘“@04 is shaped to pernit insertion of substrate 106 into 9
openi ng 104 from either side of holder 100. (See Fi | D.) As nentioned
aboved the | lhe"3Qhappbisrtienaierdes hnt imyoalisopaiivedn enwtwler@flem%@ce ||
Magnetic disks cone in standard sizes. One of the nost prevalent sizes is
95nm 4 12gahoaad 08 shallovks at the dowekit pginy of the@psnibg (€.t esr peiad 10%c) meemdvegt ur e
such di sks are about 13 95mm (e.g. 95.025 mm) in dianeter, and substrate

Carrigr sz’dﬁﬁ@leﬂ@wé@%@ﬁﬁ@fﬂfe%p% 450 (e. g%ét ﬁ&ﬁtsm@% m%s" THS Hagk anadet 0
accommodat e such substrates. 15 Recently, snal di Sk sizes have been

R R oL TG L e MTREES gga]% &&ﬁ?%&@@?gﬁn ut 27 min

in dianmeter urre reto acturing

apparat u accoinni odat e the new substrate si For exa , one 18
woul d’ haf}% 1{1% @Tﬁatﬁgﬁf %quglec%}n& 1y %@ﬁlﬁﬁg??%feéclﬁﬁ n’g fS. Such

retooling is_ 19 expensive and difficult. It would be desirable to be able
t o acktonfmiediaenhinswhiehlopering 104 is shaped to permit insertion of substrate 106 into

9 opening 104 from either side of holder 100. (See Fig. 1D’.) As mentioned above, the
10 ‘301 application is incorporated herein by reference.
11 Magnetic disks come in standard sizes. One of the most prevalent sizes is 95mm
12 diameter disks. Accordingly, the substrates used to manufacture such disks are about
13 95mm (e.g. 95.025 mm) in diameter, and substrate carriers used to manufacture such
14  disks have openings designed to accommodate such substrates.
15 Recently, smaller disk sizes have been introduced. For example, disks are being
16  designed that are about 27 rmﬁ in diameter. Normalily, this would require retooling the
‘17 manufacturing apparatus to accommodate the new substrate sizes. For example, one
18  would have to design and build completely new substrate carriers. Such retooling is
19 expensive and difficult. It would be desirable to be able to accommodate this smaller
20  substrate size with a minimum of effort.

21



20 substrate size with a mninmumof effort. 21 5 MAY 7005 | Summary 2 A
first substrate carrier in accordance with the invention holds one or nore
of 3 substrates (e.g. five substrates) during a deposition proce__siwé‘fa {}g a
sputtering process). In 4 one enbodi nent, the substrates have a ? ?

di aneter than substrates now prevalent 5 (e.g. smaller than 95 nm. 6 In one
enbodi nent, the first substrate carrier fits within an opening in a second
7 substrate carrier. The opening of the second carrier is substantially

ci rcullar Summatyas a 8 size and shape such that it can acconunodate a
substrate such as (for exanple) a 95nini 9 dianeter substrate. The second
subst pat e car rAdirstcabstiee eardarihiaetortdhcaedr tlaisenidd holdfene di0moRE
application or the above-incorporated Konmag patents. The second carrier can

al so 5l IgB&rdidl @GC BNVEMSEathy A]Jﬁﬁfaoat NPbsifigh Rlio%éssct@%g% SputtdR %oessg.u Wng a

met hod in accordance 12 wth thi§ inventio I nst of sinply carrying a
substrate, th eco carfie arries the. 13 first . substrate carrier, and
The 1 fr s0ms SHEREPERC S Misiales FAL & SRty Sinpplera bR AR Y Brlsy

-enbodi nent, the second carrier conprises one opening for receiving either

15 a SubdeBatBally BHIFMMYt carrier. In another enbodi ment, the second
carrier can have nore 16 than one opening for receiving either substrates
or casriers. 1nonkenfbiodimmenirttie Sust owhbtrsiglsatireatiiss withini asrapeong ibe sdexidgned f or

| ow t enperature 18 sputtering processes. Alternatively, the first and second
carri ers sgBstrdi€ca€isi. gnigdofeainglif gt setdnd efp&riatibstansiplly tetulng apd baesses. 20

In one enbodi nent, the first and second carriers can be used in conjunction
Wth & sizeand shape such that it can accommodate a substrate such as (for example) a 95mm
9  diameter substrate. The second substrate carrier can be a carrier in accordance with the

10 ‘301 application or the above-incorporated Komag patents. The second carrier can also

11 be in accordance with another carrier design. However, during a method in accordance

12 with this invention, instead of simply carrying a substrate, the second carrier carries the

13 first substrafe carrier, and the first substrate carrier holds one or more substrates.

14 In one embodiment, the second carrier comprises one opening for receiving either

15  asubstrate or the first carrier. In another embodiment, the second carrier can have more

16  than one opening for receiving either substrates or carriers.

17 The first and second substrate carriers can be designed for low temperature

18  sputtering processes. Alternatively, the first and second carriers can be designed for high

19 temperature sputtering processes. -

20 In one embodiment, the first and second carriers can Be used in conjunction with a

21  sputtering process. In another embodiment, the first and second carriers can be used in

22 conjunction with other kinds of deposition processes, e.g. chemical vapor deposition,



21 sputtering process. In another enbodiment, the first and second carriers
can be used in 22 conjunction with other kinds of deposition processes,

e.g. chem cal vapor deposition, 6 4 MAY 2005 | . plasma' enhanced chem cal
vapor deposition, cathodic arc deposition or ion beam 2 depositdnAf3llin one
enbodi nent, the substrates are used during nmagnetic di sk manufacturing. 4
Such substrates can be netallic (e.g. an alumnumalloy plated with N P),
glass, glass 5 ceramc or.other material. In other enbodinents, the -
substlr at BlgStasenbansgd gagmiea! vpRedepositioppathasic argdgpesition Prignpeadesses, “e. g.
integrated circuit manufacturing. 7 In one enbodinent, the carriers are used
i n canj udeposionw th in-1ine sputtering 8 apparatus. Alternatively, the
carriers can be used in conjunction with static sputtering 9 apparatus. 10

In static spulteid GEbRRARHSubétfitds leﬁgédqrurﬁgtma BBk @ f&Alddger hol ds

up to two | | substrates and material is only sputtered onto one sSubstrate
at a ting, .ln.th esen - inventj;an. W thout di £.viag the ori gi nal
carritor iR R hedic PECAL ARt sICL RIS AE, AR 24 2

sputtering target onto several substrates simultaneously, e.g. five 14
SUbst at S3UHEC G QUhGranagHtls 10 AUHEA P DRAImER ahe SHRES 26 péedrdvemgrodacnt
invention has the j 5 advantage of permtting one to deposit |ayers on
sever@al wpbsoflmevsfagiunng pratessas leyg. irdegra@dicirevie manitfachugimge t hr oughput when
using such a carrier. In other words, throughput is 17 increased by
permtting deposiddmbodimenptle catirss sratesd B dujundtie®usthyinilim@rphdigirgput t eri ng
| S apparatus and carrier previously accompdated. 19 20 Brief Description

of the DLAMASS Alternatively, the carriers can be used in conjunction with static sputtering

9  apparatus.
10 In static sputtering apparatus, in the prior art, a substrate carrier holds up to two
11  substrates and material is only sputtered onto one substrate at a time. In the present
12 invention, without modifying the original carrier, the sputtering apparatus can now
13 sputter material from a sputtering target onto several substrates simultaneously, e.g. five
14  substrates at a time. Thus, a carrier in accordance with the present invention has the
15  advantage of permitting one to deposit layers on several substrates simultaneously to
16  thereby increase throughput when using such a carrier. In other words, throughput is
17 increased by permitting deposition on more substrates simultaneously than the sputtering
18  apparatus and carrier previously accommodated.
19

20  Brief Description of the Drawings

21 Fig. 1A shows a first side of a disk carrier constructed in accordance with a first
22  embodiment described in copending application 09/428,301.

23 Fig. 1A’ shows the disk carrier of Fig. 1A carrying a substrate.



21 Fig. | A shows a first side of a disk carrier constructed in accordance
wth a first 22 enbodi nent described in copending application 09/428, 301.

23 Fig. 1 A shows the disk carrier of Fig. | A carrying a substrate. 7 4
MAY 7005 | Fig. 1B shows a second side of the disk carrier of FighMNW0B
Fig. 1Cis an expanded view of a portion Pl of the disk carrier of Fig. IA

3 Fig. | Dis a cross section view of the disk carrier of Fig. I A along
lines D-D. 4 Fig..l D is a cross section view of another enbodirrient of a
di sk &arrier ilfigwHB showsa serend pdpphtheidiskaapa@f§ig-tlkat a substrate can be
inserted into the carrier fromeither side 6 of the carrier. 7 Fig. IEis
an expanded vileg U isampomandal Bew of a pogion D, of8hd-digk carriet of FigubkAr at es porti on
P2 when the disk carrier is holding a substrate. 9 Fig. 2A is a perspective
view of a di sk{«‘i%am €4 coensdctibg VRA dMhAGieR CARBESS Mol NA bitg 1ines Prpsent ,
invention. I | Fig. 2Bis a side view of the disk carrier of Fig. 2A. 12

Fig. 2C illustg.atas i ] i ' Fi . d 2B. 13
Figs. 2131, J082 2 LAob S SEeRAEA R lind BiboRRhGl B o Msealifr i MAREC |
portions of 14 the disk carrier shown in Figs. 2A to 2C. .15 Fig. .2E

PP st 1 a8 ORETER BRSSP HPH P P AN P BB de 2 ¢ o

16 2D. 17 Figs. 3Ais a top view of a too] for placing the carrier of Fig. 2
in an@ reibthe ¢agrier18 the carrier of Fig. 2 fi-oin the carrier of Fig. 1. 19
Fig. 3Bis a side view of the tool of Fig. 3A

7 Fig. 1E is an expanded view of a portion P2 of Fig. 1D.
8 Fig. 1E’ illustrates portion P2 when the disk carrier is holding a substrate.
9 Fig. 2A is a perspective view of a disk carrier constructed in accordance with the

10  present invention.

11 Fig. 2B is a side view of the disk carrier of Fig. 2A.
12 Fig. 2C illustrates in cross section the disk carrier of Figs. 2A and 2B.
13 Figs. 2D-1, 2D-2 and 2D-3 are magnified cross section illustrations of portions of

14 the disk carrier shown in Figs. 2A to 2C.

15 Fig. 2E illustrates a groove in an opening withiil the disk carrier of Figs. 2A to
16 2D.
| 117 Figs. 3A is a top view of a tool for placing the carrier of Fig. 2 in and removing

18  the carrier of Fig. 2 from the carrier of Fig. 1.

19 Fig. 3B is a side view of the tool of Fig. 3A.
20 Fig. 3C is a front view of the tool of Figs. 3A and 3B.
21



20 Fig. 3Cis a front view of the tool of Figs. 3A and 3B. 21 - 4 IMAY 705
1 Detailed Description 2 Figs. 2Ato 2E illustrate a disk carrier 200
constructed in accordance with the 3 present invention. Disk carrier 200 is
substantially circular, and has a dianeter D20 of 4 about 95 mm Q?rﬁker
200 conprises five substantially identical circular openings 202? ¥ 500
202-5 for holding disk substrates. (O course, in other enbodinments, carrier
200 can 6 have |nore or fewer than five openings 202.) In one enbodi nent,

t hesey di $fci SR & n / (not shown) are disk shaped, have an outer dlaneter
of about mm an 8 inner dianmeter of about 7.012 0.012 nim

and a_thi ckne b 2 020. 9 but .ot her hstrates (and
thus Bther o ?éasoéé\ﬁﬁ ?%il} IOSAlC p A< el ppavrisss 3 Boedice MBBS hol d di o
substrates during sputtering. In particular, during use, a substrate is

| oadedl  Praseqtipyensionn Risk eqsaen 2sis spbstantialy soulsy, antbasceadiamsier 289 cfar ri es
these substrates past 12 sputtering targets where the various nmagnetic disk
| ayer & amboulébaant dcaranr 200ecsnbyses Ave substbAtialdy idantudah cireuler oppgingki202di sks.
(As nmentioned above, these |ayers typically include one 14 or nore

under § ay ef 302-976r KS1dHR Bsk'RBSeiteL (@flcBirst, qx%&m aﬁa@o&ﬂﬁnw cAPRe200 Ohective 15
overcoats. Al so as nment i oned above, one exanple of such a manuf acturi ng

process | e ion.)
e <l e BB R ) ARty %,
pl aci ng t he substrates i n cassette. hown in Flg 2C and 2E t he

| ower 7 por(lﬁqtého‘QQ)z@ed‘FSkeﬂﬂéPFd@BéYﬁ w@qzd@yefébﬂ&ﬁhosby 4005 §RPY D94 2% o
receiving and hol ding the outer edge of a substrate. G ooves 20 204 have
t he char aoicediasidter dffadbutt hel 2060100 infiddndaf thipkaessef 20dut@Q ¥nH6.0abawih, an ar c
that 21 has a radius that is greater than the radius of the substrate that

I's t0gbey|,0adetsitd@lttrites t#hd thus other size openings) can be used. Carrier 200 is used

10  to hold disk substrates during sputtering. In particular, during use, a substrate is loaded

11  into each of openings 202-1 to 202-5, and carrier 200 carries these substrates past

12 sputtering targets where the various magnetic disk layers are deposited on the substrates

13 to manufacture magnetic disks. (As mentioned above, these layers typically include one

14 or more underlayers, one or nmore magnetic alloy layers and one or more protective

15 overcoats. Also as mentioned above, one example of such a manufacturing process is

16  discussed in the above-incorporated Bertero application.) Thereafter, the substrates are
")17 removed from carrier 200, e.g. by placing the substrates in a cassette.

18 As shown in Figs. 2C and 2E, the lower portion 2021 of each opening 202

19 comprises a groove 204 for receiving and holding the outer edge of a substrate. Grooves

20 204 have the characteristic that the bottom 204b of groove 204 extends abqut an arc that

21  has aradius that is greater than the radius of the substrate that is to be loaded therein. In

22 one embodiment, this arc extends about a center point G (Fig. 2E), and has a radius R20

23 of about 13.722 mm. The top 204t of groove 204 extends about an arc centered at point



22 one enbodfinent, this are extends about a center point G (Fig. 213), and
has a radius R20 23 of about 13.722 1-nm The top 2041 of groove 204
extends about all arc centered at point 9 4 MAY 2005 | G and has a radius
R21 of 13.222 mm |In contrast the substrates to be |oaded into 2. gngpues 204
have a radius of 13.700 + .025 nm Because of this, if the substrate expands
3 due to thernmal expansion, openings 202 will still be able to hold the
substrate, w thout 4 having the substrate bow or bend. (Again, it is noted

t hat t he Wian@hss arasligeR2T of th22mei. nlnéomtﬂmsléisya@xmma#@dm ot her

di rensi ons can be used.) 6 Openings 202 contain at) upper circular portion

202u % Fi @roodER04Mavt b @middau1 3776 €29 ma! PreadB ofififs, Rethe BEbshraterdiiplisdsR23  of
14. 261 turn about a cent er point H Center s p0| nt His a distance D22 of

about 1. ave r 0 o tha di us R23
o o bai o [ R R Pafiich SR P e RIS e sl s bottid dreih ko
10 upper portion 20210 |s above center. point. G of |l ower portion 2021, one

can ehsi hyVingdle substraighenihsad; %gﬁl@rlbtsw@teﬁdhatf%ﬁuwmé? setifepdh Berear r i er

200. 12 Grooves 204 have inner walls 204-w, 204-w2 that forman angle a2 of
about 5 13aB80@ercThexcowlety, sed oterdifension 0GB hedised) carri er 200 near grooves 204
forma bevel, and 14 extend at an angle 72 of about 90" relative to each |

otherg This b@@elmrfga@oizlcbﬂﬁaeﬁmﬁmﬁsm@laﬂ@nwd 2020 FRUDE).r PéiEiohQaged i n
carrier 200 to plasma within the sputtering chanber. The outer 16 edge 206e

of wahls e%ﬁdé"élogé%a%na@ﬁéﬁ}qguﬁwgtogq 21 Tl 3¥o RS @nfedYotte H2Geqdr about

17 14.30 rnmfrontcenter nent 1 oned ove, pr| or art

oubs Lo gy 1y c%?géz SEAT) S AATRL el S gt o,
openi ng 104 1ot &95' 09, SUEh, Jubstrates. | n accordgnoe with the present
10  upper portion 202u is above center point G of lower portion 2021, one can easily load

11 substrates into groove 204 from either side of carrier 200.
12 Grooves 204 have inner walls 204-w1, 204-w2 that form an angle a2 of about
13 30°. The outer walls 206-w1, 206-w2 of carrier 200 near grooves 204 form a bevel, an’d
14 extend at an angle y2 of about 90° relative to each other. This bevel facilitates exposure
15 of the substrate Joaded in carrier 200 to plasma within the sputtering chamber. The outer
16  edge 206e of walls 206-w1, 206-w2 extends about an arc having a radius R24 of about
17 14.30 mm from center point G.
18 As mentioned above, prior art substrates 106 were about 95 mm in diameter, and
19 were loaded into disk carriers, such as carrier 100 of Figs. 1A to 1E. Carrier 100 has an
20  opening 104 for holding such substrates. In accordance with the present invention,

21 carrier 200 is loaded into opening 104 of carrier 100. Since carrier 200 has a diameter of

22 95 mum, it readily fits within opening 104. Thus, one can use currently existing tooling

23 (geared toward manufacturing 95 mm disks) to manufacture smaller disks (e.g. disks that



21 carrier 200 is |oaded into opening 104 of carrier 100. Since carrier 200
has a dianeter of 22 95 nim it readily fits within opening 104. Thus, one
can use currently existing tooling 23 (geared toward manufacturi n% a\Pfg in
di sks) to manufacture smaller disks (e.,-. disks that 10 4 MAY fb é 9 are
27.4 mmin dianeter). As in Figs. 2C, 2D-1 and 2D-3, a lip 210 extends from
2 the outer circunference of carrier 200. The width Wo of |lip 2 10 can be
1.20 mm The 3. height HI of lip.2 10 can be 2 min. In one enbodinment, lip
210 can be 274 em eddiamerr ) s sseuen FOB. o€, lrand 2DiB0a li 2Vhextendsafrorher 100 i s
typically designed to accommodate thermal expansion of a 6 substrate,

carrigr AR AGESrcORifereNd Fadalier200s TAB N @ W5 X PaPd 0lceh BE 126 hi9. qderi er 100.
In 7 one enbodinent, this can be because carrier 100 and 200 are used in a

o0 STLERH By BB SE 08 ECSER ohEoABS 0 MGl s o b

very much in tepa eratull' relative to carrier 10 100 during use. Thus, it
is nof néf@é’galﬁgo?ﬁal@'gé rrier 200 in conjunction with a carrier 11 that
accommodat es nmuch if any thernmal expansion of carrier 200. However, in 12

al terfative erdoilli ersriers]000s &yndcallyplesigherbtosaccammiodate 2pgmiah axpagsies oérpand
relative to 13 carrier 100 during use. In such an enbodi nent, carrier 100

i s typi cahbsyratesargieed0d does bt spixaiipadisstantialle bxendanktionto dabridd 0. dhown i n
Fig. 2A, 2B and 2C is a central opening 220. This opening has a 16 U shaped

bot't o r ggi eRbAGRRNAAKs daf bebedaAit 208108 £1200 MR ed TEANSN 1@25REELNdS 17

across the top of central opening 220, and a bottom edge 222a of flat nenber

222 15 B5L1S8 AR LLC OB RARR LN SREL IR, beghAPdli 2 0500, 1o
3¢, agl d icgrri%??b@ pses%c}tl %ap {t %gs 1(1:o rilrui:rgarlse very much in temperature relative to carrier
10 100 during use. Thus; it is not necessary to use carrier 200 in conjunction with a carrier
11 that accommodates much if any thermal expansion of carrier 200. However, in
12 alternative embodimenfs, one can provide a carrier 200 that does expand relative to
13 carrier 100 during use. In such an embodiment? carrier 100 is typically designed to
14  accommodate such expansion.
15 Also shown in Fig. 2A, 2B and 2C is a central opening 220. This opening has a
16  U-shaped bottom region 220a and a flat top 22(51). A flat metal member 222 extends -
17  across the top of central opening 220, and a bottom edge 222a of flat member 222
18  includes an indentation 222b for receiving a tool 300 that is used to lift carrier 200 in and
19 out of carrier 100. Tool 300 is shown in Figs. 3A to 3C, and is designed to place carrier
20 200 in opening 104 prior to sputtering, and to remove carrier 200 from opening 104 after
21  sputtering.

22 Referring to Fig. 3, tool 300 includes an arm 302 affixed to an end piece 304.

23 End piece 304 is designed to mate with the structures in opening 220. In particular, end



20 200 in opening 104 prior to sputtering, and to renove carrier 200 from
opening 104 after 21 sputtering. 22 Referring to Fig. 3, tool '300 includes
an arm 302 affixed to an end piece 304. 23 End piece 304 is designed to mate
with the structures in opening 220. In particular, end MAY NOS L,q%% 302
has the shape of a generalized cylinder with a notch 306 cut theréi'n tch
306 2 has a width W that can be about 1.3 mls wde and a depth D6 about
3.0 mils deep, and 3 is designed to mate with flat nmenber 222 of Fig. 2A

and 2B. The. $6Y fhi&he Ht?a%gto?fg g@n&ﬁﬁ%dgtg/li%ag’ Wigﬁfghg{ch 386 canfleR! WiEE G004

enabl e one to ensure rrer 2 IS ri 5 side up when carrier 200

carior oo WsPR RS Ak oIl RAaPabu e n Uehhnh Rl S br] oS g

respect to the axis A of end piece 304 to 8 facilitate placing carrier 200
in and oltdeigned togmatewith fla mempargRof Fng) 24f ansh 2B p ke vpinkgyhapg ORef er ri ng
back to Figs. 2A and 213, carrier 100 contains five relatively small holes
10 250- lopednfy 220, 2kdnlr 225 0ndl emhpie2580benableame thehase draecarien®id isyighor

pur poses of 11 machining, and will not be discussed in further detail. 12 As

nent i pnegdabp vhen @afler 200 208264 eroBl FVR AT Hilth et BchstraRkBYReh faligm carri er
13 100. Carrier 200 has a substantially circular exterior so that carrier

200 can ﬁttof%&@aoéduﬁé%ﬁ%ﬁ%g““ ally circular opening in another carrier,

whi ch ot her "carrier has been signed to 15 carry larger substrates (e.g.
95 m n di aneter

2s 1ol 1 ove. FAFEULE BE SEle i o) COM AnErarota B AT SFEPISFAs it hi m
)17 openi ngs 202 of carrier 200. This can be done either manually or using
robotd ¢ fasildatt plesingorarriddd0enneé out efeotas0e (e grbdferersd dftenspuitekng)p carri er
200 and place it in a 19 cassette. Since carrier 200 typically has a
di anet er that Referiahpbickitb&igann aad 2B)eadiea M@l esntains five relatively small holes

10 250-1,250-2, 250-3, 250-4 and 250-5. These holes are primarily for purposes of

11 machining, and will not be discussed in further detail.

12 As mentioned above, carrier 200 can be placed within and removed from carrier

13~ 100. Carrier 200 has a substantially circular exterior so that carrier 200 can fit within a

14 substantially circular opening in another carrier, which other carrier has been designed to

15 carry larger substrates (e.g. 95 mm diameter substrates). In one embodiment, carrier 200

16  can be used as follows. First, a set of smaller diameter substrates are placed within

17 openings 202 of carrier 200. This can be done either manually or using robotic

18 automation. Thereafter, tool 300 can be used to pick up carrier 200 and place it in a

19  cassette. Since carrier 200 typically has a diameter that is about the same as the diameter

20  of common magnetic disk substrates, a conventional cassette can be used to hold and

21  transport a set of carriers 200. (Cassettes are, of course, well-known in the art. See, for

22 example, U.S. Patent 5,657,617, assigned to Komag, Inc. and incorporated herein by

23 reference.)



20 of comon magnetic di sk substrates, a conventional cassette can be used
to hold and 2J transport a set of carriers 200. (Cassettes are, of course,
wel | -known in the art. See, for 22 exanple, U S. Patent 5,657,617, assigned
to Konmag, Inc. and incorporated herein by 23 reference.) 12 MAY 76 5Vm®
Thereafter, carriers 200 can be taken out of the cassette and plac thin
the 2 opening of a carrier such as carrier 100. This can be acconpli shed
with a tool having the 3 design of tool 300. The asymmetric shape of tool

300 facilitat h maneuv, rln cu-ar e t.ool 0 only fits
i nto bpening 6re|a To FETRRY, bg tﬂ‘&? Ogg?lj‘tet}lﬁfﬁ?eﬂ%alﬁjdgg‘fegl‘@ﬂta Hcci dental Iy
orient carrier 200 such that |t i s upside down. 6 After carrier 200 is

pl acedl wPRSHINE ebd earaer sugb as eaaier W) cHpp Pt ke awomphigedosith § tachdaving Sigpst r at es
(optionally) past a heating el enent, and past various sets of sputtering

t ar get s. desgiToiEoebd Qe rTheaaymhlmtriQﬂﬁpe aftook3 0hfaeddatds fuchmarovéerarg. 100 and

pl aced in a cassette along 9 with other carriers of |ike design. Again,

‘this Aﬁan?éiﬁc@@f?@,mklt&dlgdo'd)ﬁlﬂgts‘iﬂft@ ob&iTBg 220 th dneOwsl, fif 8 hehserefgly havi ng the
design of tool 300. The disks can be unloaded fromcarrier 200 11 |ater on,

ei t hey 2@&@?&1 Yo Qcidthially 'oPROE dotr; &%@EE H&Qutjrszuﬁ’s‘g‘de'a%\we invention has been

descrlb respect to sp ecific e ment's 13 those skilled in the art
will appreciat that c? C e made f.orm and. de 4 without
depar | ho' 1 o Eazst i Sared duer SR enite e g roft 2ot B he 15
di mensi ons - and sizes set forth above are nerely exernplary, and O her size
st r uct ur 8ibstatgs (agiopally)sgt a hgasipg elemenh apd aew VerPYS BES Qféﬁuﬁ%r ngstareetfur i ng
different types of deposition ,17 processes, e.g. CVD, PECVD, ion beam
deposs t i Ghereafdernoadiier %Goccaniéqaoslilctaﬂod\fromrrduudﬁd:rtié)ﬂ ah8 plhepd i & cametpy dovsses. The
openings within carrier 200 (and the substrates carried therein)
9  with other carriers of like design. Again, this can be accomplished using the same or a

10  different tool having the design of tool 300. The disks can be unloaded from carrier 200

11 later on, either manually or with 1'fobotic automation.

12 While the invention has been described with respect to specific embodiments,

13 those skilled in the art will appreciate that changes can be made in form and detail

14 without departing from the spirit and scope of the invention. For example, the

15 dimensions and sizes set forth above are merely exemplary, and other size structures can

16  beused. Also, a substrate carrier can be used during different types of deposition

117 processes, e.g. CVD, PECVD, ion beam deposition, cathodic arc deposition, and other

18  deposition processes. The openings within carrier 200 (and the substrates carried therein)

19 need not be substantially circular. (For example, the openings within carrier 200 and the

20  substrates therein can be rectangular.) Further, the opening within carrier 100 (and the

21  exterior of carrier 200) need not be circular. (The opening within carrier 100 and the

22  exterior of carrier 200 can be rectangular.) The disk carrier can be made of any

23  appropriate solid material. The substrates can have either chamfered edges or

13



19 need not be substantially circular. (For exanple, the openings within
carrier 200 and the- 20 substrates therein can be rectangular.) Further t he
opening within carrier 100 (and the 2 j exterior of carrier 200) _ &ﬁ@t be
circular. (The opening within carrier 100 and the 22 exterior of c

200 can be rectangular.) The disk carrier can be nade of any 23 appropriate
solid material. The substrates can have either chanfered edges or MAY 2005
unchanfered edges. (See PCT patent application WO 01/10595 Al, incorporated
her ei'i zubyhmiieedeﬁmg) (Seed’ (CapatesteappieationdlVied 1/t ) Abohcogp@ated hapire
carrier 200 in and out of carrier 4 100 or in and out of a cassette. 5
Subst pat &y refeferle.)l oaded into carrier 100 before carrier 100 is |oaded into
carrier 6 200. Alternatively, substrates can be | oaded into carrier 100
after scarrer ]@186&3?1 dseageds oﬁ1e¥ﬁfagt&ﬁr3rob%n 3@ca§1elS @Erfﬁ'}de(ﬁltg)?galﬂgrremved
fromcarrier ter carrier 100 I's renove from carrier 200.
Altergatlr%@é%, (%s)trqz}ies can be renmpved fromcarrier 100 before carrier 100
iois’re adas) i BP5Z260. In yet anot her enbodi nent, carrier 200 need
not be | | renpved fromcarrier, 100. 12 In an enbodinment. in which carriers
100 aAd 200 ar¥hidal§s £} besloadedipineprrienid0 beforg gpmristd 00 aylepdeddate WEIFput t er ed
on only one side of the substrate. Alternatively, the 14 various |ayers can
be spétt &€06d Adtemdsnely, silttstesfcan heleudbd itatariel 100 aftrrlvamler 160izddadmdnt , 15
the carrier typically carries the substrates between several pairs of
sput t eri ngrotcarget290. each 16 pair of sputtering targets being used to
deposit material onto the substrate.) As U7 nentioned above, prior to
deposigti on, t &Rkl BLShERMARE HRRALIMCRIT Mick Lasnﬁyﬁ)éé (L& vaPRbm 18 one or
nor-e beating elenents. (Two heating el enents can be provided, one on either
si de

9  carrier 200. Alternatively, substrates can be removed from carrier 100 before carrier 100
10 is removed from carrier 200. In yet anotl1é1' embodiment, carrier 200 need not be
11 removed from carrier 100.
12 In an embodiment in which carriers 100 and 200 are used for sputtering, the
13 various layers can be sputtered on only’one side of the substrate. Alternatively, the
14 various layers can be sputtered on both sides of the substrate. (In such an embodiment,
15 the carrier typically carries the substrates between several pairs of sputtering targets, each
16  pair of sputtering targets being used to deposit material onto the substrate.) As
N7 mentioned above, prior to deposition, the carriers can optionally carry the substrates past
18 one or more heating elements. (Two heating elements can be provided, one on either side

19  of the substrates.) Accordingly, all such changes come within the invention.



19 of the substrates.) Accordingly, all such changes cone within the
invention. 14 4 MAY 2005 | | claim 2 1 A nethod conprising: 3 |oading one
or nore substrates into a first substrate carrier, said first suzigr_@bﬂe 4
carrier conprising one or nore openings, each of said one or nof d% 5ngs 5
accommodat i ng one of said substrates, said first substrate carrier having an
exterior such 6 that said first carrier can be |loaded into an opening in a
second substrate carrier. 7 8 2. Method of claim1 further conprising

| oadi ng dallainfirst substrate earlier into said 9 opening of said second
substrate carrier. 10 11 33. Method of claim2 further conprising
depositing matgmdahodeosgiigingone or nore 12 substrates after said | oading of
said one or nore substrates into said first substrate carrier 13 and said

| oadi ng of saijdadihb Phe BHBDEE RbSad fkdh ﬁkﬂ%@qsﬁﬁie@aﬂ?&?ﬁa‘?@ﬁ%& seRidesecond
substrate 14 carrrer. 15 16 4. Method of claim2 wherein said | oadi ng of
said gne qgr.nore sub%tra't’es into said é? fi.,st substrate.carrier is '
accor’rf)ll i SHEST ST 45 Woé%aPﬂﬁll%f e ioé S?lflroélf LSSt PRY &arrier 19 into
sai d opening of said second substrate carrier. 19 20 5, Method of claim!]
wher eiSn SsFImBIodatng prs of saidhuibptiatess saf &gl sBRYmRHR Gamiprhaymgamertgg SEEh and
said first substrate carrier has a substantially circular exterior for

mat i ng withét said first carrier can be loaded into an opening in a second substrate carrier.

7
8 2. Method of claim 1 further comprising loading said first substrate carrier into said
9  opening of said second substrate carrier.

10

11 3. Method of claim 2 further comprising depositing material on said one or more

12 substrates afte? said loading of said one or more substrates into said first substrate carrier

13 and said loading of said first substrate carrier into said opening of said second substrate

14 carrier.
15
16 4. Method of claim 2 wherein said loading of said one or more substrates into said

17 first substrate carrier is accomplished prior to said loading of said first substrate carrier
18  into said opening of said second substrate carrier.

19

20 5. Method of claim 1 wherein said one or more substrates are substantially disk-

21  shaped and said first substrate carrier has a substantially circular exterior for mating with
22 said opening in said second substrate carrier.

23

15



22 said opening in said second substrate carrier. 23 15 4 MAY 2005 :~'6
-,method of claim5 further conprising |oading of said first substrate
carrier into 2 said opening of said second substrate carrier, said opening
of said second substrate carrier 3 being substantially circul ar & MAT 185 7,
Met hod of claim | wherein said opening of said second substrate carrier 6
accomopdat es a substantially di sk-shaped substrate. 7 8 8. Method of claim
| further, conprising: 9 loading said first substrate carrier into said
openi ng ‘% saitdcthed of glasn psurthercconuisigrlpading obsd first suhsirats iRy it er i al
onto said one or nore substrates while said one or nore 12 substrates are
bei ng2 helsdidoypesaigdbfisardssecaubsibstaite caaer, isaid opaaing aif srifl isesnd subktateatagriear ri er
is 13 being held by said second substrate carrier. 14 15 9. Mthod of

cl ai m8 fgfrfch@bsefRly &idithrr enoving said one or nore substrates from 16
said first substrate carrier after said depositing. 17 is 10. Method of
claim8 further conprising unloading said first substrate carrier from 19
said opening in said second substrate carrier after said depositing. 20

5 7. Method of claim 1 wherein said opening of said second substrate carrier

6 accommodates a substantially disk-shaped substrate.

7
8 & Method of claim 1 further comprising:
9 loading said first substrate carrier into said opening in said second substrate

10  carrier; and

11 depositing material onto said one or more substrates while said one or more

12 substrates are being held by said first substrate carrier and said first substrate carrier is

13 being held by said second substrate carrier.

14

15 9. Method of claim & further comprising removing said one or more substrates from

16  said first substrate carrier after said depositing.

18 10. Method of claim 8 further comprising unloading said first substrate carrier from
19  said opening in said second substrate carrier after said depositing.

20

21 11.  Method of claim 10 further comprising loading said first substrate carrier into.a
22 cassette after said depositing.

23



23 11. Method of claim 10 further conprising |loading said first substrate
carrier into a 22 cassette after said depositing. 23 16 - 4 VIAY 20D5 1 -
12. Method conprising |loading a first substrate carrier into an fﬁ’pbﬁg of a
second 2 substrate carrier, said first substrate carrier conpri’s @f or
nore openings for 3 receiving substrates. 4 5 13. Method of claim 12
wherei n each of said one or nore openings receives and holds 6 a substrate.
7 8 14. Methaod of claim13 wherein said substrates are disk-shaped, and

sai d bperditng d¥lethod samprising dppding mStst substraty cafriar it a8 RAGEEE PHA 8¢EBfMDdat e a
di sk-shaped substrate. 10 11 15. Method of claim 14 further conprising
deposit i sgbsmtecdratr, sad fmstdubsitadt catier @inprisingldhesaintbrk opeliings fof said first
substrate carrier into said opening of said second substrate 13 carrier. 14
15 163 Mpedepdn@kulsstaies) 12 wherein said first substrate carrier has a
substantially circular 16 exterior for mating with said second substrate
carrigr. 117 18 17. Method conprising: 19 |oading one or nore substrates
into a first substrate carrier, said first substrate

5 13. Method of claim 12 wherein each of said one or more openings receives and holds

6  asubstrate.

8 14. = Method of claim 13 wherein said substrates are disk-shaped, and said opening of
9  said second substrate carrier is shaped to accommodate a disk-shaped substrate.

10

11 15. Method of claim 14 further comprising depositing material on said substrate after

12 said loading of said first substrate carrier into said opening of said second substrate

13 carrier.

14

15 16.  Method of claim 12 wherein said first substrate carrier has a substantially circular

16  exterior for mating with said second substrate carrier.

Y

18 17.  Method comprising:

19 loading one or more substrates into a first substrate carrier, said first substrate

20  carrier having an exterior shaped to be received by an opening in a second substrate

21  carrer; and

22 loading said first substrate carrier into a cassette.

23

17



20 carrier having an exterior shaped to be received by an opening in a
-second substrate 21 carrier; and 22 loading said first substrate carrier
into a cassette. 23 17 MV 2005 WMethod of claim 17 further conprising
Jemoving said first substrate carrier fromsaid cassette and Ioadin 3 g
first substrate carrier into said opening in said second carrier. *a”g 03
Met hod of claim 17 wherein said first substrate carrier has a substantially
circular, exterior and said opening in said second substrate carrier

acconmodages” sra@efkodw%ﬁmtv'ﬁ bther &n Jﬁg R reSY e | Q13 Bst §@ds‘aa d aphergiRstrate

carrier. 20 th hod conpri sing: provi sette sal d cassette
cont ai ni ng. gﬁ' one subs rate carrier.,conprising
38%3 :

Late .
at | east ° SRR ﬁabﬁi&fﬁ%wﬁatogagdﬂ%al}%léS 3 roul ng
said at | east one substrate carrier fromsaid cassette. 2). Method of claim
20 furthé@”ﬁ@npr|3|ng | oadi ng said at )east one substrate carrier into an
opening within a second substrate carrier after said renoving. 22. Mthod of
claim 20 wherein said at | east one subsn-ate carrier has an exterior shaped
for mting with a second subn-ate cariier. 2 S. Method of claim20 ~wbcrein

said at )east M@ﬁao%@%ﬁaﬁ]ﬁﬁ@ Wik &b &L st s%b%éaﬁwei Bhd ¥ surfslh G fidiher 1 or .
24 A met hod coin

exterior and said opening in said second substrate carrier accommodates said

substantially circular exterior of said first substrate carrier.

20. Method comprising:
providing a cassette, said cassette containing at Jeast one substrate carrier said
substrate carrier comprising at Jeast one opening, said opening containing a substrate; and

removing said at Jeast one substrate carrier from said cassette.

21. Method of claim-20. further comprising Joading said at Jeast one substrate carmrier -

inte an opening within a second substrate carrier after said removing.

22. Method of claim 20 wherein said al Jeast one substrate cayrier has an exterior

shaped for mating with a second substrate carrier.

23. Method of claim 20 wherein said at Jeast one substrate carrier has a substantially

circular exterior.

24 A method comprising:



1 providing a first substrate carrier having one or nore openings, at |east
one of said 2 one or nore of said openings holding a substrate, said first
substrate earlier being held by 3 a second substrate carrier; mzl
depositing material onto said substrate. 5 6 25. Method of cl aimh 24V\dMrein
said first substrate carrier has a substantially circular 7 exterior for
mating with an opening within said second substrate carrier 9 26. Method of
- claim 24 wherein said depositing conprises sputtering said material 10 onto~
sai d subMate. pr8vidin Pffrst Mbshratd cewiephavdhg gne dlSmprecnpedJnlgg o |daist ate ofshigit 1 at e
carrier having one or nore openings, at |least one of said 14 one or nore of

sai d 9perna@s niek df 86d QFéHHg%tl{o@&ﬁg a%ﬁbs@rafe! gaaa fR4REbIAkEC LR e IR8A B hel d
by 15 a second substrate carrier; and 16 unl oading said first substrate

carri gr %@rfﬂu%gﬁﬁg%%e?‘%%ﬁt rate carrier. )17 18 28. Method of claim27

wherei n €4di Substrate carri er has a substantially circular 19
exterior for ing with an opening in said second substrate carrier. 20 21
29. Mt hod of r@l@a‘f]?ﬂg?ﬂq“ presadsHBIAS ng depositing material on said
substrate prior 22 to said unloading. 23 19 MAY 2005

5

6  25. Method of claim 24 wherein said first substrate carrier has a substantially circular

7  exterior for mating with an opening within said second substrate carrier

9 26. Method of claim 24 wherein said depositing comprises sputtering said material
10  onto said substrate.
11
12 27.  Method comprising:
13 providing a first substrate carrier having one or more openings, at least one of said
14 one or more of said openings holding a substrate, said first substrate carrier being held by

15  a second substrate carrier; and

16 unloading said first substrate carrier from said second substrate carrier.
)l 7
18 28. Method of claim 27 wherein said first substrate carrier has a substantially circular

19 exteriorbfor mating with an opening in said second substrate carrier.

20 |

21 29. Method of claim 27 further comprising depositing material on said substrate prior
22 to said unloading.

23

19



1 30. Method conprising 2 providing a first substrate carrier having one or
more openings, at |east one of said 3 one or nore of said openings holding
a substrate, said first substrate carrier being held by 4 a second
substrate carrier; and 5 upl oading said one or nore substrates frorh AH W05
first substrate carrier. 6 7 31. Method of claim30 whercin said first
substrate carrier has a substantially circular 8 exterior for mating with
an opening in.said second.substrate carrier. 9 10 32. Method of claim -
30wherlei P&ai dMgsitlnd ehimgissgipri ses providing at least one | | substrate in
at | east one of said one or nore openings, said nethod farther conprising
12 deposi ting pmivedingh fion ssbstdteadanli@dmvingrme dubsire apanipgs, arlesisv osabflsaid

unl oading. 13 14 33. Method corriprising: 15 providing a first substrate

carrier, sd hbledf sﬁi‘d%%ﬁi%@?h&l@fﬁg‘ LSRR bl Mgt &lbstrRBehrdr bdifig helasdy
opening for holding a substrate and at | east a second opening for receiving
a tool4; 37ec§r1‘i§)vlildb%%c% j[.eool]ll 41avi ng a nmenber for being received by and
mat i ng wi T g a% SecOhd’ Gpeni ng; and 19 causing said nenber to mate with
sai d second opening so that said first substrate 20 carrier is held by said
tool . 21 22 3@10@%%}%@@%% Phsiper BPM sais st BOrUFe AAVEE said first
substrate carrier froma 23 cassette. 20

6

7 31. Method of claim 30 wherein said first substrate carrier has a substantially circular
8 exterior for mating v&;ith an opening in said second substrate carrier. |
9
10 32. Method of claim 30 wherein said providing comprises providing at least one
11 substrate in at Jeast one of said one or more openings, said method further comprising
12 depositing material on said at least one substrate prior to said unloading.
13
14 33. Method comprising:
15 providing a first substrate carrier, said first substrate carrier comprising at least a
16  first opening for holding a substrate and at least a second opening for receiving a tool;
17 providing a tool having a member for being received by and mating with said
18 second opening; and
19 causing said member to mate with said second opening so that said first substrate
20  carrier is held by said tool.
21
22 34.  Method of claim 33 wherein said tool removes said first substrate carrier from a

23 cassette.

20



o 384 Met hod of cl.aim 33 wherein said tool renpves said first ~subst:rate. ...

MAY 2DO 9 2 35. Method of - claim 33 wherein said tool places said first
substrate carrier into a 3 cassette. 4 5 36. Method of claim33 wherein
said tool places said first subStrate carrier in a second 6 sub$t4rg;fq
carrier. 7 8 37. Method of claim36 wherein said first substrate w408y
has a substantially circular 9 exterior and said second substrate carrier
has an opening for receiving a substantially 10 di sk-shaped structure. 12

carrier froma second substrate carrier. 34 15 39. Apparatus conprising: A
16 a first substrate carrier having at |east one opening for bolding a

subst pat gsand MBthod bf cRkh8BIvlierdifkaiBebdPldrel chidfird sSRGARC SHidrShioat € carrier.
19 40. Apparatus of claim39 further conprising said second substrate

carrier, flefirst 20 substrate carrier being held within said opening
within salrd second substrate carrier. 21 22 41. Apparatus of claim 39
wherein said first substrate carrier is held by a cassette. 23 21 4 NAY
2005 “42. Apparatus of claim 39 wherein said first substrate carrier is
Wi t hin deposition 4

5 36.  Method of claim 33 wherein said tool places said first substrate carrier in a second

6  substrate carrier.

s 37 Method of claim 36 wherein said first substrate carrier has a substantially circular
9  exterior and said second substrate carrier has an opéning for receiving a substantially

10  disk-shaped structure.

11

12 38. Method of claim 33 wherein said tool removes said first substrate carrier from a

13 second substrate carrier.

14

15 39. Apparatus comprising:

16 a first substrate carrier having at least one opening for holding a substrate and an

J17  exterior for being held by a second substrate carrier.

19 40. Apparatus of claim 39 further comprising said second substrate carrier, said first
20  substrate carrier being held within said opening within said second substrate carrier.
21

22 41 Apparatus of claim 39 wherein said first substrate carrier is held by a cassette.

23

21



_apparatus. 41. Apparatus of claim39 wherein said first substrate carrier
has a substantially <circular exterior. 44. Apparatus of clahn 39 )vberein
said first substrate carrier has a second opening for nialing XNLQ aﬂﬂﬁﬁl,
~sai d apparatus further conprising a tool con3prising a nenber shapedﬁhf
mating with said second opening. 45. Method conprising |oading a first

hol der into a cassette, said first holder having one or nore openings for
receiving,a substratey: said fifst.holderhavingian:exterior . for. being
recei _vedg%’y a e ‘Qfdﬁ%}@rﬁ WECTeNRY | GREFIGINF SABThEeReSHIoNst  hol der
froma cassette, said first bolder having one or nore openings for

recei vi ngpergiubstrate, said first hol der having an exterior for being
recei ved by a second holder. 47. In apparatus conprising a first hol der

havi ng- one or inore openings, each opening for holding a substrate, said
apparatus permtting deposition of material on a first nunber of

substrat é3, aAppateod cfaigim 3 weleinoss dihing séhsserandididadersubsnagiallyeast one of
said one or nore openings in said first holder, said second bol der

conpri si pPcdaPdME@di ty of openings 22 4 MAY 7005 for holding substrates,
wherein said second hol der permts an increase in the nunber of substrates
upon which material can be deposited simultaneously. 48. Method of clairn 47
wherein said apparatus is static sputtering apparatus, said apparatus
permtting material to be deposited on_only one substrate at a tinme when a
subst r at ég is pHBEAREPLiGR WRFTEEAf ﬁﬁés%%mﬁﬁ?rcé“beﬁé}?ﬁ AGECVI BEPEEPF st
carrier, said apparatus permtting material to be deposited on a plurality
of subst peetiag veth ataol,peiddpearatus further comprising a tool comprising a member shaped

for mating with said second opening.

45. Method comprising loading a first holder into a cassette, said first holder having
one or more openings for receiving a substrate, said first holder having an exterior for

being received by a second holder.

46. Method comprising unloading a first holder from a cassette, said first holder
having one or more openings for receiving a substrate, said first holder having an exterior

for being received by a second holder.

47.  In apparatus comprising a first holder having one or more openings, each opening
for holding a substrate, said apparatus permitting deposition of material on a first number

of substrates, a method comprising providing a second holder in at least one of said one or

more openings in said first holder, said second holder comprising a plurality of openings

22



.said second carrier is placed within an Qpening O Said first carrier. 49.
Deposi tion apparatus conprising~ a first holder having one or nore openings,
each opening for holding a substrate, said apparatus permtting dg@@ﬁh@gon
“of material on a first nunber of substrates; and a second holder p in
at | east one of said one or nore openings in said first holder, said second
hol der conprising a plurality of openings for holding substrates, wherein
aidisecarn ermts_an i.ncrease i.n the nunper of substrates upon
~“"whi ch rrgdt? g?l a+éj Sglg)ﬁt?%%& JaisFsdn sai S?PH%E?]QWMFWH BgreatindPaRbe©licl ai rn 49

- wherein said apparatus is static sputtering apparatus, said apparatus :

per ni ttiﬂg’swﬁﬁg&?% Whigh et eas lffe&%ﬁteéﬁémﬁtﬂbgquﬁbte at a Time when only one

substrate is provided in said one or inore openings of said first carrier,
said apparatus 4 IMAY 2 0 0.9 permtting material to be deposited on a
plurality of substrates at a tinme when said second carrier is placed ivithin
said fn 218 Ca'}\'}léﬁrod.o?%laily%r’ih%qer&fn s%%daa'pm 1%“[\)@1?&%{15 sﬁg‘leginlooa%rggjsogaicf al d T' rst
substrate.” carrrer into said opéening of “Said Second SUBSErate cafrier is
acconplished prior to said | pading of. said Qqne or_ i-noye substrates into
sai d Fir SEPAGIS PPHPRVES PRI “g‘%i WREHSPOIE Pt SISO ST AP 1 st
substrate Carrier conprises a PlUT2lity of openings for hol ding substrates,
sai d - meststratanstiieyidedinpeackion gaid eadiongoze ppamizgdsiafpaigfiirsseasgen s21és i nto sai d
first substrate carrier. Method of claim38 wherein said first substrate
carrier bpsaranspeshatitg alateyiatta budepositekdes ploralandf swistaeeeoadneudstr at e
carrier has an opening for receiving and holding a substantially
di sk- shapgd setdiHCdai6r is HRicEd FRBIM AYopdhisRbkafP&NEagUbst rate carrier hol di ng
said first substrate carrier, said tool Tenoving said first substrate
carrier fromsaid :

49.  Deposition apparatus comprising:
a first holder having one or more openings, each opening for holding a substrate,
said apparatus permitting deposition of material on a first number of substrates; and
a second holder provided in at least one of said one or more openings in said first
holder, said second holder comprising a plurality of openings for holding substrates,
- wherein said second holder permits an increase in the number of substrates upon which

material can be deposited simultaneously.

50.  Apparatus of claim 49 wherein said apparatus is static sputtering apparatus, said
apparatus permitting material to be deposited on one substrate at a time when only one

substrate is provided in said one or more openings of said first carrier, said apparatus

o
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~opening in said second s-obstrate carrier. 54. Method of clai m 47 wherein
said first holder perimts the deposition On a first nunber of substrates

si mul t aneously when a substrate is provided.in each of said openings of
"said first holder. 24 MAY 2005 55. Apparatus of claim49 wherein -s@idy 7005
apparatus permts the deposition on a first nunber of substrates -

si mul t aneously when a substrate is provided in each of said openings of
said first hold 58 | Skngs e provi di-ng & f kst hol having
one o mvE uEisd o e TRROIRa R ML EEHCRESHLE AR Bl i 30 e

hol der for permtting deposition Of material on a first nunber of

subst r at @3S PlaseA VI HN R 68 TS CGHEThol der in at |east one of said one or
nore openings in said first holder, said second hol der conprising a

- plurality of openings for holding substrates, wherein said second bol der
pernmts an increase in throughput during deposition. 57. Deposition

appar at usj CONAc BN cl&nd 2 blerdi9 kA8 oAV MG RNErPEuHIRER @RS iR@Ssaideach
opening for holding a substrate, said apparatus permtting deposition of
material _on.a firs ; bst. es: ..and, a.s: nd .hol.der ~pr-oyided in
at | east "% 13:‘“‘?)& Sssalac% %Flggl%gébrsgframt@ercéﬂé%é%?%\cgogjﬂl1ﬁﬂ%d 'lélmqﬁ i%?]stl(‘j%&olﬁgfenrC ,Pd]gs)éfl]% second
hol der ‘conprising a plurality of openings for holding substrates, wherein
sai d secdn O’r?o?“gé?atﬁ'gﬁ”?ﬁ faéégﬁfﬁiisﬂwlééﬁs@mﬁ-t hr oughput *duri ng :

52.  ‘Method of claim 1 wherein said first substrate carrier comprises a plurality of

openings for holding substrates, said method further comprising loading a plurality of

substrates-into said first substrate carrer.

53. Method of claim 38 wherein said first substrate carrier has a substantially circular
exterior and said second substrate carrier has an opening for receiving and holding a
substantially disk-shaped structure, said opening in said second substrate carrier ho]ding'
said first substrate canji er, said tool removing said ﬁ;'st substrate carrier from said

opening in said second substrate carrier.

54.  Method of claim 47 wherein said first holder permits the deposition on a first
number of substrates simultanecusly when a substrate is provided in each of said

-openings of said first holder.



_deposition. 25
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55.  Apparatus of claim 49 wherein said apparatus permits the deposition on a first
number of substrates simultaneously when a substrate is provided in each of said

openings of said first holder.

56. A method comprising:

providing a first holder having one or more openings, each opening for
holding a substrate, said first holder for permitting deposition of material on a first
number of substrates; and

providing a second holder in at least one of said one or more openings in said
first holder, said second holder comprising a plurality of openings for ]ﬂolding
substrates, wherein said second holder permits an increase in throughput during

deposition.

57.  Deposition apparatus comprising:

a first holder having one or more openings, each opening for holding a
substrate, said apparatus permitting deposition of material on a first number of
substrates; and

a second holder provided in at least one of said one or more openings in said
first holder, said second holder comprising a plurality of openings for holding
substrates, wherein said second holder permits an increase in throughput during

deposition.
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