TI TLE OF THE | NVENTI ON SUBSTRATE TRANSPORT APPARATUS AND METHOD FOR

MANUFACTURI NG MAGNETI C RECORDI NG MEDI UM  BACKGROUND COF THE | NVENTI ON

Field of the Invention [0001] The present invention relates to a

substrate transport apparatus which transports a substrate along a

transport path running through charrbers and a net hod for

manuf acturing a magnetic recordi ng nedium Description of the

Rel ated Art [0002] Japanese Paféht P EH&)@N"RHTIQ 08- 027572

di scl oses a di sk processin stem A substrate for, _for npl e,
PREAtHsT e

magneti ¢ di sk ent ePSCPhE"s ERPBAGAPPARAOTEI AYPZYREEIRd

nounted in a carrier sly noves
t hrough processing 8@%&@{@%%}% %@W@M anot her
|l evel by a lift or elevator. After that, the substrate continuously
noves through the systemat the other Ievel and is output in an

unl oadi ng zone. [0003] It i@w © il thermipyeve the
0

t hroughput and productivity a substrate processing system which

transports and Hrpcessaes asHistyste for, for exanple, a magnetic
di sk, thereby manufacturing products in large quantities, as

described in gaanese Patrento dediedrtOpery ée. 1 02008102 2%/ 2.0 Thi s
requires - 1 shortening the processing tine (takt tinme) in each

substrate transport apparatus which transports a
substrate along a transport path running through
chambers, and a method for manufacturing a magnetic
recording medium.

Description of the Related Art

[0002] Japanese Patent Laid-Open No. 2008-027572
discloses a disk processing system. A substrate for,
for example, a magnetic disk enters the system through
a loading zone and is mounted in a carrier. The
substrate in the carrier continuously moves through
processing chambers at one level, and then moves to
another level by a lift or elevator. After that, the
substrate continuously moves through the system at the
other level and is output in an unloading zone.

[0003] It is demanded to further improve the
throughput and productivity of a substrate processing
system which transports and processes a substrate for,
for example, a magnetic disk, thereby manufacturing
products in large quantities, as described in Japanese

Patent Laid-Open No. 2008-027572. This requires



processi ng chanber. SUMVARY OF THE | NVENTI ON [0004] It is an object
of the present invention to provide a substrate transport apparatus
whi ch can inprove the throughput and the productivity by shortening
the processing tine in a processing chanber. [0005] According to the
first aspect of the present invention, there is provided a substrate
transport apparatus conprising chanbers connected to each other
through a gatBVESFENS HheaRres iethdn ¥ (CH? i guied 1 @3eh the
gate valve and to transpaort a carrier between the chanbers along a
transport pathOESHEEd ¥ yured to detect the carrier before the
carrier reaches a stop position in the chanber, and a controller
configured to cause the gate valve to start closing based on the

detection signal fromthe segﬁ&&ARFLg?O@#EAgﬁgéggggNto t he second

aspect of the present invention, e a substrate

transport appaj@j4fS ConprisSing a‘%{‘adr?;jg]c% G neE ﬁ;dsets%nteaicrﬁreq{él%n

to
t hrough a gate val've, a transport anism corifigured to open the

gate val ve and 4 raNspordudse LATd I EF dEen, Lhaibgs s-12l oy a
transport pagﬁf Jénd a é%ntrol er 6%%%%gure I?%:cause tﬁ% gate val ve

to start closip-kefiaie ﬂﬁ%@{ﬁd@raﬂ&aﬁt@%ﬁocﬂ@@ivp@ﬁiﬁﬁ' on in the

chanber based on an operating tine of - 2 the transport mechani sm

[0007] Accor dimtgrtdenime dhe rehrespeeingfcide in a processing chamber.
[0005] According to the first aspect of the
present invention, there is provided a substrate
transport apparatus comprising chambers connected to
each other through a gate valve, a transport mechanism
configured to open the gate valve and to transport a
carrier between the chambers along a transport path, a
sensor configured to detect the carrier before the
carrier reaches a stop position in the chamber, and a
controller configured to cause the gate valve to start
closing based on the detection signal from the sensor.
[0006] According to the second aspect of the
present invention, there is provided a substrate
transport apparatus comprising chambers connected to
each other through a gate valve, a transport mechanism
configured to open the gate valve and transport a
carrier between the chambers along a transport path,
and a controller configured to cause the gate valve to
start closing before the carrier reaches a stop

position in the chamber based on an operating time of



present invention, there is provided a substrate transport apparatus
conprising chanbers connected to each other through a gate valve, a
transport mechanism configured to open the gate valve and transport
a carrier between the chanbers along a transport path, and a
controller configured to cause the gate valve to start closing
before the carrier reaches a stop position in the chanber. [0008]
Accor di ng t o thfe Yyreestmrt meghdwkemit is possible to shorten the
processing tinme in a processing chanber by starting closing a gate

val ve before BO®Hrrier LNhe Stdle pdeind dePattuLh mifovi ng t he
t hroughput and the productivity. [0009] Further features of the
present i nveRIGIEL W INTVEREcHR dgprents IR IIRA 11 T HRF gpte
description of exenplary enbodinents with reference to the attached
drawi ngs. BRI 15§§g%i Hﬁ&%ﬁ?%W%?Tﬁﬁ%ﬁ%&is{%ﬁﬂ?ﬁr%ﬁifnﬁ??EF % ew
illustrating an.ex | e of the arrangenment of_an in-line vacuum
rocessing appat aqakﬂlé)eﬁ ntg'ﬁf%ﬁ £ %Jgamﬁ Fof? prioteRThy Chanberd"
connected 1 n serd 00 ¢ d erigd et ool
connected in e c [ p ajegye e e Of+ %e
present | nvenctsoﬁg)ﬂnl;g%[rgeooiﬁo 1"gs. szkg\e aia 2B %re views show ng the - 3
schemati ¢ ar rangenenty of, 418 B epdfile Af dNShSUPSLF A& 01 ¢ 38P0r ¢
apparatus according to the preferred enbodi nent of the present
I nvention; and a controller configured to cause the gate valve to
start closing before the carrier reaches a stop
position in the chamber.
[0008] According to the present invention, it is
possible to shorten the processing time in a processing
chamber by starting c¢losing a gate valve before a
carrier reaches the stop position, thus improving the
throughput and the productivity.
[0009] Further features of the present invention
will become apparent from the following description of

exemplary embodiments with reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a view illustrating an example of
the arrangement of an in-line vacuum processing
apparatus including a plurality of processing chambers
connected in series according to a preferred embodiment
of the present invention;

[0011] Figs. 2A and 2B are views showing the



[0012] Fig. 3 is a schematic sectional view show ng processing
chanbers 2a and 2b connected to each other by vacuum suction through
a gate valve 4b when viewed fromthe horizontal direction; [0013]
Fig. 4 is a schematic sectional view show ng the processing chanber
2a when viewed from above; [0014] Fig, 5 is a block diagram
illustrating an exanple of a control circuit according to the
preferred enbgmentc drtdesgnesenttitiventaon;pdf0lsf Ehgssulbgdt tatsSC
are explanatory views for explaining a conventional carrier
transport operzanIport ameb{0oUed Fesrdimgtieo Tharerekpragdtory vi ews
for explaining a carrier transport operation according to the
preferred entﬁi%?ch@dt‘e@ﬁ ?het e eRBRSeRRVERTEBRHION] 0017] Fig. 8 is an
exenplary | on al sectional view show ng an exanple of a

magnetic  r ecg(l?(sjf%nrredi dmFrantf B t2irEP B tie TG reedr di ng
reci um menufaglur g apearolve. and Iegnet L 1eCordl 19 EILAT . cach
the thin 7l i TOPFeRT of GPRAr AtCa F (R iot i netr £V cEbr iy
T T S A0 B9 AL Vo AL W, L1 Pt ot of L
[0013] Fig. 4 is a schematic sectional view
showing the processing chamber 2a when viewed from
above;
[0014] Fig. 5 is a block diagram illustrating an
example of a control circuit according to the preferred
embodiment of the present invention;
[0015] Figs. 6A to 6C are explanatory views for
explaining a conventional carrier transport operation;
and
[0016] Figs. 7A to 7C are explanatory views for
explaining a carrier transport operation according to
the preferred embodiment of the present invention.
[0017] Fig. 8 is an exemplary longitudinal
sectional view showing an example of a magnetic
recording medium manufactured by the magnetic recording
medium manufacturing apparatus and magnetic recording
medium manufacturing method according to the embodiment
of the present invention.
[0018] Fig. 9 is an exemplary view showing an

example of the thin film formation apparatus or the



sequence of the magnetic recordi ng nmedi um manufacturing nmethod.
DESCRI PTI ON OF THE EMBODI MENTS [ 0020] Best nodes for carrying out the
invention wll be described in detail below with reference to the
acconpanyi ng drawi ngs. A substrate transport apparatus according to
the present invention is suitably applicable to, for exanple, a
vacuum processi ng apparatus which perforns processing such as film
formation formagsetst redeotdingfoedexanpheyf actagiwy i epdasktusig. 1
schematically shows the arrangenent of an in-line vacuum processing
apparat us i ncheckhrgimg pbdurladi ¢ybodipentessi nige chaebens toveecied. in
series as a vacuum processing apparatus to which a substrate
transport appb®@i®k accorfigig 1® 1hea pileserhaithvient i omlabnbppl tleel.
[0021] The in-line vacuum processing apparatus includes a |oad |ock
charmber 1, prar@ssneg eharbergagzactie DeCORRENE TOAHUNoBRNEhafheF 19
whi ch are connected to each other through gate valves 4a to 4d. A
carrier 6 wireh'Sdpports a substrate 5 for, for exanple, a magnetic
disk is transported in the horizontal direction by, for exanple, a
carrier transport - 5 nmechanism (not shown) provided in each

the chamber s, connect ed t 8" Baah ‘GURGF Fhraloh e 0BRa® valves, af ter

the gate val VE§o 26 F Openelgjesto‘lrﬁ@c?é'ghfépecarrying out the invention
will be described in detail below with reference to the
accompanying drawings. A substrate transport apparatus
according to the present invention is suitably
applicable to, for example, a vacuum processing
apparatus which performs processing such as film
formation for a substrate for, for example, a magnetic
disk. Fig. 1 schematically shows the arrangement of an
in-line vacuum processing apparatus including a
plurality of processing chambers connected in series as
a vacuum processing apparatus to which a substrate
transport apparatus according to the present invention
is applied.
[0021] The in-line vacuum processing apparatus
includes a load lock chamber 1, processing chambers 2a
to 2c, and a load lock chamber 3 which are connected to
each other through gate valves 4a to 4d. A carrier 6
which supports a substrate 5 for, for example, a
magnetic disk is transported in the horizontal

direction by, for example, a carrier transport



nunber of processing chanbers is three in Fig. 1, the present
invention is not limted to this. [0022] A substrate 5 transported
externally is transferred to the carrier 6 on standby in the | oad

| ock chanmber 3 by a substrate | oadi ng nmechanism (not shown) , and is
supported by the carrier 6. The carrier 6 which supports the
substrate 5 is transported to the processing chanbers 2c, 2b, and 2a
in this ordermeclmwioEssart rskawh prroeesdsdhgle aderchameex r afdisort ed
to the |oad | ock chanber 1. After that, the substrate 5 is renoved
fromthe carrfafrehyla Srrereed unl @i Hie neeirP Rt (PRt shrrgen
unl oaded outside the in-line vacuum processing apparatus, and

del i vered to thhecheps oceRRReTHRA claf rash 601?%% WhY @#ok hghe gate

substrate has been renmpved returns into the lock ch rrber]otﬁ1 al n%@t he
return route YHofSBhowner anee FRERdLHYET i 1e raEpot t atidii ¥ e
next substrate, ﬁ(ﬁ?%«ﬁ] An_exa carrier_6 is

e

le in which th
transported frf‘% . r%%%%%?%gg%ﬁ%%%?e% JtE.t‘(’) tfel?l = C er%cFe]s%l _njg’ c‘ﬁl&%ber
2a will be e@}@é%}gﬁe%&p@}?{}oiéo%{l%ﬁﬁ@gé r’@gtthiQQM] Figs. 2A

and 2B are views ica Show e arrangenent of the main

part of the -fyapubstrate JrANSRATd RARRALAS-ACE WA dhd 01 hes

preferred enbodi nent of the present invention. Fig. 2A 1s a side

vi ew showi ng ¢hestateed neyhigd ther farré esn 6 hils 1hecsabstsate 5,

and Fig. 2Bis a front viewin
lock chamber 3 by a substrate loading mechanism (not

shown), and is supported by the carrier 6. The carrier
6 which supports the substrate 5 is transported to the
processing chambers 2c, 2b, and 2a in this order,
processed in each processing chamber, and transported
to the load lock chamber 1. After that, the substrate
5 is removed from the carrier 6 by a substrate
unloading mechanism (not shown), unloaded outside the
in-line vacuum processing apparatus, and delivered to
the next process. The carrier 6 from which the
substrate has been removed returns into the lock
chamber 3 along the return route (not shown), and
stands by for transportation of the next substrate.
[0023] An example in which the carrier 6 is
transported from the procegsing chamber 2b to the
processing chamber 2a will be explained in the
following embodiment.

[0024] Figs. 2A and 2B are views schematically

showing the arrangement of the main part of the



this state. Figs. 2A and 2B do not show nenbers such as a processing
chanmber. [0025] As shown in Figs. 2A and 2B, the carrier 6 includes
a hol der portion 12, an engaging portion 13 having a pyram dal or
curved groove 13a forned in it, a magnetic yoke 16, and a connecting
portion 14 which connects the engaging portion 13 and the magnetic
yoke 16. The carrier 6 also includes a first magnet 15 and nagnet
group 17. [0026sthrnaopeniragsporti app20dthavangoraddnanetethel arger
than that of the substrate 5 is formed at the center of the hol der
portion 12. Quepsried, enbbdimedt dPcthel predensubsyent&os. wiile. tafe
substrate 5 stands such that its principal surface (upper surface)
is parallel 9 ahelgerviedl sdprveegi he Thetel anpwhpaghi shesappbreede
by the hol der portion 12 so as to be npvable in the direction

i ndi cated by BOt4®- Headedlarrane 202 apdeFidcabBdifedt fHARL HhEW| &N
pressed against . the eriphery of the substirate 5 by a spring.

hol ding the SEbStPERESS by d%e Holtdt Pord it ZEThEFERIHRAD of
the substrate_5 transgorted béha obot arm (not shown) is pressed
agai nst the gFdovePportfonsd; ?W%erclanps 12b and 12c¢ while the

clamp 12a is pyspefl - 7 AovEMBL in[002S] JelLdhes ol 4P daprisr o

rel eased, the force of the above-nentioned spring causes the groove

portion in t{g.-chaop 42R-18PrES3 188 PSI1 RRCLYgQEih8portion 13
having a pyramidal or curved groove 13a formed in it, a
magnetic yoke 16, and a connecting portion 14 which
connects the engaging portion 13 and the magnetic yoke
16. The carrier 6 also includes a first magnet 15 and
magnet group 17.
[0026] An opening portion 201 having a diameter
larger than that of the substrate 5 is formed at the
center of the holder portion 12. Clamps 12a, 12b, and
12c hold the substrate 5 while the substrate 5 stands
such that its principal surface (upper surface) is
parallel to the vertical direction. The clamp 12a is
supported by the holder portion 12 so as to be movable
in the direction indicated by a two-headed arrow 202
(vertical direction), and is pressed against the
periphery of the substrate 5 by a spring. In holding
the substrate 5 by the holder portion 12, the periphery
of the substrate 5 transported by a robot arm (not
shown) is pressed against the groove portions in the

clamps 12b and 12c while the clamp 12a is pushed



substrate 5 upward. In this way, the substrate 5 is fixed on the
hol der portion 12 so as to be clanped by the clanps 12a, 12b, and
12c. [0028] A carrier support nechanism 21 includes a plurality of
guide rollers 22 which forma transport path, a base portion 23

whi ch supports the plurality of guide rollers 22, and a magnetic
yoke 24 bonded to the |ower end of the base portion 23. The nagnetic
yoke 24 vertdoahvyrflaces the magnetic yoke 16 nounted in the
carrier 6. The magnetic yoke 16 includes, in the region where it
faces the nmagh@@2¢]l yoke Zdhem hehd i¢kamp nbimets 15l ozseed suehfohee
its pole points in the wupward vertical direction. The magnetic yoke
24 facing thefnelypetbevgokentbonadl agesna segond phgneroQ8e pocrhied
on it with a desired spacing fromthe first magnet 15 so that the
second nagnetl@Stlﬁﬁg%@ﬁn@aHg? tatpraessthpererisherrgnét ths. [ 0029]

The plurality of guide rollers 22 are |inearly arrayed on the base
portion 23 atS@Pshrabiet er WPHeE: nt Bt VAL S e G BRI T whith t he

i 6 i t he .di t] i ndi cat ed .
o e o) oy RSgRRL e el hFachiBark o 00t 65" 88 BY B8 cBEER P
ight of th i 6 - i ith th 13a in th
2ﬁbgging po??ﬁgaéag&p%hézghggggzgsggﬁg?gg ?% and Shgrgﬁyge ?O:Perse

22 are not fixggagp each gther ; benge, the mCakLi fimbsEap,STRALA!Y

slide in the hori zontal
plurality of guide rollers 22 which form a transport

path, a base portion 23 which supports the plurality of
guide rollers 22, and a magnetic yoke 24 bonded to the
lower end of the base portion 23. The magnetic yoke 24
vertically faces the magnetic yoke 16 mounted in the
carrier 6. The magnetic yoke 16 includes, in the
region where it faces the magnetic yoke 24, the first
magnet 15 located such that its pole points in the
upward vertical direction. The magnetic yoke 24 facing
the magnetic yoke 16 includes a second magnet 25
located on it with a desired spacing from the first
magnet 15 so that the second magnet 25 magnetically
attracts the first magnet 15.

[0029] The plurality of guide rollers 22 are
linearly arrayed on the base portion 23 at a
predetermined interval in the direction in which the
carrier 6 is transported (the direction indicated by an
arrow C). The plurality of guide rollers 22 are

located so as to support the weight of the carrier 6



direction parallel to the principal surface of the substrate 5 by
rotating the guide rollers 22. [0030] The base portion 23 is fixed on
the inner wall of the vacuum chanber (each chanber shown in Fig. 1)
t hrough, for exanple, a stay nmenber (not shown). [0031] In this
enbodi ment, the nmagnetic yoke 24 nade of a magnetic material is

| ocated on the substrate side of the second nmagnet 25 as a, magnet

9
closer to the'PYUFREIZIE'S Yhah the FTPSYE mdfet? 152€ a8NEAWS i n Fi g.
2A. The magnetic yoke 24 s orts the second magnet .25, and
Suppr 65ses APt elRAGES of Wb SR HIGP™ frbAtthe e Biidiamagnet
25 to the upper, side the second magnet 25, thereby form a
stable maghorTelH1 Sl 4 b ST hot SERONEE ryRr O DRE N, T
magneti ¢ yoke 24 can suppress the magnetic.fields of. the first
Tagnet | 15 ancaerian fmte Rt LI aNtes cut 4T rett FhECal bl asm
space in which. S o can ppyess the
adver se effed?l%ggtfﬁgr%%féfﬁg}a??o% ?r%ﬁ%?ﬁggg}ag%%féggcég ?%%32]
The magnetic yoke: 18- SUPPOLtSot s hhrshe JROAE! IP1aRd SHPPresses any
| eakage of the magnetic leld fromthe first magnet 15 to its | ower

side, therebyodosi ng a siabbesemgnetisn field imnthe pwed rmSr
vertical direction fromthe first magnet 15. In addition, the

nmagneti c yokeydfl sepperé sviBeuiBgnghbe 8 QR 7camb&e ShéRnOpPROBige

to the first magnet 15, and suppresses any | eakage of the magnetic

field from 1) through, for example, a stay member (not shown).
[0031] In this embodiment, the magnetic yoke 24
made of a magnetic material is located on the substrate
side of the second magnet 25 as a magnet closer to the
substrate 5 than the first magnet 15, as shown in Fig.
2A. The magnetic yoke 24 supports the second magnet
25, and suppresses any leakage of the magnetic field
from the second magnet 25 to the upper side of the
second magnet 25, thereby forming a stable magnetic
field below the second magnet 25. Moreover, the
magnetic yoke 24 can suppress the magnetic fields of
the first magnet 15 and second magnet 25 from adversely
affecting a plasma space in which the substrate 5 can
be set, and can also suppress the adverse effect of
thermal radiation from the plasma space.
[0032] The magnetic yoke 16 supports the first
magriet 15 and suppresses any leakage of the magnetic

field from the first magnet 15 to its lower side,

thereby forming a stable magnetic field in the upward



the magnet group 17 to its upper side, thereby formng a stable
magnetic field bel ow the magnet group 17. (0033] In this enbodi nent,
to stably transport the carrier 6 standing upright, side rollers 28
are set in the horizontal direction so as to clanp the nagnetic

yoke 16 below the carrier 6. The side rollers 28 are fixed on the
inner wall of the vacuum chapber (each chanber shown in Fig. 1)

t hr ough, for %@%ﬁﬁﬁ%@ e @y1o ﬁ%@? hott Showadpeoskt - | H%{hls
enbodi nent carrier_transport nechanl m uses the carrler-3|de
mmgnet gt oup Aol o %nmﬁ% 51O e ST 6 arlH Fagnet i

27. Th . | ud t h- d t h-
rsétzgﬁ\évts whi cﬁge]é?%g ie‘%}a@gﬁi ﬁaélg?/}g%g%{g‘grt%r%%t%fﬁgﬁe ?ﬂ?% Val in

t he dlrectlon i carr écgﬁsported Chf{@fdo%h%£

hand. the e LRt A TS bELSTInaRT (RS MRSt hauT Hy

tral h ft t
f?gn;gorfeg aﬁ%rlﬁ%Fude ré%§tﬂ%r§%digg %ﬂd%hr%%gﬁé%%?€%§%+€g
alternately arrayath OnnidSct sUrfacea J@fom}@@ Righde HesLH-1and

south-pole threads in a direction parallel to the central shaft of

the magnetic peg®ey 27 is wgualid edthsdiint hecdragnadly déangsomp die
and the magnetic screw 27 is |located with a desired spaC|ng fromthe

magnet group darr{i&O3B]standheg abeyeghient s daedrar 1 angerenidyre Woeh ihhe

magnetic screw 27 rotates in a predeterm ned
the horizontal direction so as to clamp the magnetic
yoke 16 below the carrier 6. The side rollers 28 are
fixed on the inner wall of the vacuum chamber (each
chamber shown in Fig. 1) through, for example, a stay
member (not shown).
[0034] In this embodiment, the carrier transport
mechanism uses the carrier-side magnet group 17 mounted
on the side of the carrier 6, and a magnetic screw 27.
The magnet group 17 includes north- and south-pole
magnets which are alternately arrayed at a
predetermined interval in the direction in which the
carrier 6 is transported. On the other hand, the
magnetic screw 27 is a cylindrical member having a
central shaft parallel to the direction in which the
carrier 6 is transported, and includes north- and
south-pole threads which are alternately arrayed on its
surface. The pitch of the north- and south-pole

threads in a direction parallel to the central shaft of

the magnetic screw 27 is equal to that of the magnet

- 10 -



direction, the north- and south-pole threads facing the nmagnet group
17 nove relative to the nmagnet group 17 in the direction in which
the carrier 6 is transported (the direction indicated by the arrow
C Wth this operation, a thrust involved in novenent in the
direction indicated by the arrow C acts on the carrier 6 due to the
attractive forcelr | sive force between the ut h-, and nort h-pol e
magnet s of tt%ror%ﬁ)gﬁlgf’ gar%cﬁpthﬁ T the Sn%ﬁ"f”u-?gnl sloou(f%t-%(gl“él% r%ads
of the nmagnetigc. scre . rrier 6 is t ed in the
direction in |écsg]tlze_cf{ b%ﬁ%ﬁ%ﬁ%ﬁéﬁfedbﬁi% rfgi ﬂlisojreirbodi ment, the
first mgnet dfysdf sposedd nidesd tindonnd Lhesered manst 25

di sposed in t carrier support nmechanism?2i generate an attractive

force in the yalthLaledi & €6L+OR 2 TOFor LS 18A8 P reddEcARIRAGLI VE
force acting between the first nagnet 15 and the second magnet 25

acts in the direction ithahhshchhea@rsdefnbodbe ltht€saPEadS the
reduci ng the weight of the carrier 6 acting on the guide rollers 22.

At this timemnddteecagroes 67 hevétadescife the @i raginye dosee artimg
between the first magnet 15 and the second nagnet 25 is too strong.
To prevent thilss dihweatism@acih wehich cehe scaoniewl § etk asranddorted@ded
by adjusting the magnetic force and interval between the first
magnet 15 and(the decord omgiedi@sted [19037e Asomow te. sibsthr datte s
transport apparatus according to this enbodi nent can include a
det ect or and operation, a thrust involved in movement in the
direction indicated by the arrow C acts on the carrier
6 due to the attractive force/repulsive force between
the south- and north-pole magnets of the magnet group
17 and the north- and south-pole threads of the
magnetic screw 27. The carrier 6 is transported in the
direction indicated by the arrow C.
[0036] In this embodiment, the first magnet 15
disposed in the carrier 6, and the second magnet 25
disposed in the carrier support mechanism 21 generate
an attractive force in the vertical direction. For
this reason, the attractive force acting between the
first magnet 15 and the second magnet 25 acts in the
direction in which the carrier 6 is lifted up, thus
reducing the weight of the carrier 6 acting on the
guide rollers 22. At this time, the carrier 6
levitates if the attractive force acting between the

first magnet 15 and the second magnet 25 is too strong.

To prevent this, the attractive force is controlled as



controller (neither is shown) The detector detects the nagnetic
force between the first magnet 15 and the second nmagnet 25 (or their
interval) The controller controls the magnetic force acting between
the first magnet 15 and the second nmagnet 25 (or their interval).
The controller can control the attractive force by adjusting the

i nterval between,t first net 15 and .the second net 25 based
on the det ectIBHTbaH OB e Rod B e eredtahce (G638 A THo

wei ght of th arrier_.6 act] t ui d ol | er re es,dn
this way, t hg)ef ricti otr¥le gfgjt}{/veélgnn? nee%a%ear}%lqheer ssezcsfrgcgndmf%%s?réf ace

of the groovgeklg i n theengagifg q{asttirgrgel%,rajn ,?tolytn’af,f{a} YCES.-

This nakes it possible to suppress t generation of p cles.

[0039] Each ofcdd16s fild Sto MBHNEterk AHESECOH! | JBUNE! 2% B8 ding

singl e magnet extending in the direction in which the carrier 6 1s

transported, QndmylRe a Wt tys afhdmmgnet shar Gayedtadlr detects
predetermned interval I1n the direction in which the carrier 6 is

transported. {HO4Qgrdsi; Adtdwugdt edretdiod Mhiah xgiéd tS5 aand the
magneti c action between the magnetic screw 27 and the - 12 nmagnet

group 17 has deeemdexempldt 23 asr ttteecarimesrvdlansgboet coechadilem i n

this enbodinent, the present inventionis not |[imted to this. For

exanpl e, the cadrraler theanspordt vecham s mamynadoptveemettodE wstch
magnet 15 and the second magnet 25 (or their interval).
The controller can control the attractive force by
adjusting the interval between the first magnet 15 and
the second magnet 25 based on the detection result
obtained by the detector.
[0038] As the weight of the carrier 6 acting on
the guide rollers 22 reduces in this way, the friction
between the guide rollers 22 and the surface of the
groove l1l3a in the engaging portion 13, in turn,
reduces. This makes it possible to suppress the
generation of particles.
[0039] Each of the first magnet 15 and second
magnet 25 may be a single magnet extending in the
direction in which the carrier 6 is transported, or may
be a plurality of magnets arrayed at a predetermined
interval in the direction in which the carrier 6 is
transported.
[0040] Also, although a method which exploits a

magnetic action between the magnetic screw 27 and the
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uses a linear notor or a nethod of converting a rotational notion by

a rotary driving source such as a notor into a rectilinear notion

using a nmechani smsuch as a rack and pinion. [0041] Wen the carrier

transport nechani sm adopts the nagnetic screw schene, the attractive

force between the nagnetic screw 27 and the magnet group 17 acts on

the carrier transport opgrﬂzlon For this r i ddltlon to the
t

Wi ght of the"taie T eF eub 1 hé Baf dieer oFFerRl 5ot ?%c%ﬁv‘é £ he5ELFhot | ve

f bet th 17. [0042
The ar rangenoi~OTPO R GUERTRATE. ¢1 ARGbort CaRparat oS BRAPC BB o |
nmet hod therefor accordln %8tF£Q%lg gsegtthnvenH;on mnll le Ialned
in detail with'"W re?erence % and- S. I"g SR %Y schemati ¢

sectional vie n c aa% r gg o] ed
to each otheryéifg%%hg¥%gggg%g @% hggﬁﬁﬂ z ad me%dTr%ﬁ? QH?Eﬁ

horizont al d'&@&é'&”llﬁégr ot Sraor SEheoRL LG é?cébﬁvéthhgméShomﬂng
t he processi ng chanber 2a when viewed from above. Fig. 57is a block

di agram show-8gat henal rabgesENby 0f Ac€QRY I @i ¢l i§UbburdBessan®as a
reference nunerals as in Figs. 1, 2A, and 2B denote the same parts

in Figs. 3 tomStor iﬁto[@Oﬁéitfmlﬂéaﬂpm@tiﬁnm@s@ﬂgt@em@ahah@ém6sh@h
transported between the processing chanbers 2b and 2a connected to
each other w & bersxpl andedinnohhis enbodi ment. As shown in Fig. 3,
t he processi ng chamnber
[0041] When the carrier transport mechanism adopts
the magnetic screw scheme, the attractive force between
the magnetic screw 27 and the magnet group 17 acts on
the carrier transport operation. For this reason, in
addition to the weight of the carrier 6, the guide
rollers 22 receive the attractive force between the
magnetic screw 27 and the magnet group 17.
[0042] The arrangement of the substrate transport
apparatus and a control method therefor according to
the present invention will be explained in detail with
reference to Figs. 3, 4, and 5. Fig. 3 1is a schematic
sectional view showing the processing chambers 2a and
2b connected to each other through the gate valve 4b
when viewed from the horizontal direction. Fig. 4 is a
schematic sectional view showing the processing chamber
2a when viewed from above. Fig. 5 is a block diagram
showing the arrangement of a control circuit. The same

reference numerals as in Figs. 1, 2A, and 2B denote the

same parts in Figs. 3 to 5.



2a acconmpdates a first stop position sensor 301 for detecting the

| eadi ng end of the carrier 6 at the stop position, and a second stop
position sensor 305 for detecting the trailing end of the carrier 6
at the stop position. [0044] A sensor 303 for detecting the |eading
end of the carrier 6 being transported is interposed between the
first stop position sensor 301 and the second stop position sensor
305. Wen t hel@®¥hdbr 303 AReEIRLG hgt WiSerts Riprigtessors 501
serving as a controller instructs a gate valve driving unit 505 to
close the gaterF2FRRC YD RptEctRat AP TR FompPeandendnt 22
dashed line in Fi 3.indicates the posjtion of_the carrier 6 when

the sensor 30PHACHT e? etPt ROt Pead Yy et TEPTRE eAr t7 eF S [ 0045]
In this enmbodi nen t he processor 501 give the instruction to cl ose
the gate val VSR HREA t et SUROBE 2303 Hs Jdet i & AIFE S tY | BRTReE
and starts closj h alve_4b_before the carri 6 aghes
the stop posi%?o%gg %5%%€%§i%n£% S%h% %%n%%?l%b%giééngé e%%?ng gsuch

that the traidog.end, ofniheegarslorng ofogs, Nol-LoLLi deati the theop

gate valve 4b as t ate v% ve 4b starts closing in response to
detection - 1o 5t gHa! éﬁ@natgscéﬁ@sgiogog@s{@%mSJH§o£r9@§S§9£ 501
[

receives the detection signals fromthe rst stop position sensor

301, second $0HcPOShtiNd SLASDINg08nd and SlEOS@irB3DSr @SasheMd &¥op
position.
[0044] A sensor 303 for detecting the leading end
of the carrier 6 being transported is interposed
between the first stop position sensor 301 and the
second stop position sensor 305. When the sensor 303
detects the carrier 6, a processor 501 serving as a
controller instructs a gate valve driving unit 505 to
close the gate valve 4b. Note that an alternate long
and short dashed line in Fig. 3 indicates the position
of the carrier 6 when the sensor 303 has detected the
leading end of the carrier 6.
[0045] In this embodiment, the processor 501 gives
the instruction to close the gate valve 4b when the
sensor 303 has detected the carrier 6, and starts
closing the gate valve 4b before the carrier 6 reaches
the stop position. The position of the sensor 303 is
determined such that the trailing end of the carrier 6
does not collide with the gate valve 4b as the gate

valve 4b starts closing in regponse to the detection
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Fig. 5. In response to the detection signal of the carrier 6 from
the sensor 303, the processor 501 outputs a control signal for
instructing the gate valve driving unit 505 to cl ose the gate val ve
4b, as described above. [0047] The processor 501 receives the
detection signal of the carrier leading end fromthe first stop

posi tion sensor 301, and that of the carrier trailing end fromthe
second stop p%é?ﬁﬁénf§ﬁﬁséhe3§§n88§ 38éscri bed above. These two stop
position sens ﬁggr to confirmthat _the carrier reached the

6
stop position? proce@@?n@rQH%ﬁ%%F 5V%eﬁe?%év§%n§%?sgeﬂ%?E&?nthat
the carrier 6 has ieaghed tﬂe % g05|t|on exhaust , g
i ntroducti on, 488258 6R°AnE"Cs B§§6u ﬁ?ppPQHéFéPﬁlﬁgﬁsﬁ oé@%siﬁ@capg
performed in _the groc ssi ng chanber _2a. At this s%sg hg
Val ve 4b renmafhgbc 8§é§1°Fogﬁ§F°£ ﬁBFOraaﬁ.eﬁﬂaoan 50351 €708t ed
to the proce 01,-as i n F| Th [{ Vi n|t
503 eIectrica??% d?lvég?éf Ons%néf eé&ﬁoéls%ﬁ%.%s

Tagnetic screw.27,8s he ok anspac sg§0969'sgh&ggfgegsga&rgga 6. The

notor driving unit 503 noti |es the processor driving
conpl etion S'QHébuHBOQ EBﬁG%BQr%h@ﬁaﬁh%oQaEﬁb%EucﬁlnEX%HB| gacef vhge

not or used hereinh are a servo notor a stepping notor. [0049] The

processor 501gisvhayi hhed ebsthe close the gate valve 4b, as
described above.
[0047] The processor 501 receives the detection
signal of the carrier leading end from the first stop
position sensor 301, and that of the carrier trailing
end from the second stop position sensor 305, as
described above. These two stop position sensors serve
to confirm that the carrier 6 has reached the stop
position in a processing chamber. When the sensors
detect that the carrier 6 has reached the stop
position, exhaust, gas introduction, and so on and
subsequent predetermined processing are performed in
the processing chamber 2a. At this stage, the gate
valve 4b remains closed.
[0048] A motor driving unit 503 ig connected to
the processor 501, as shown in Fig. 5. The motor
driving unit 503 electrically drives a motor (not
shown) which rotates the magnetic screw 27 as the
transport mechanism for the carrier 6. The motor

driving unit 503 notifies the processor 501 of a
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driving conpletion signal upon the el apse of a predeterm ned
operating tinme fromwhen the carrier 6 starts to be transported from
the processing chanber 2b until the carrier 6 is transported to the
stop position in the processing chanber 2a, or of a tine
corresponding to a predeterm ned nunber of notor driving pul ses. As
a matter of course, the ﬁiocessor. 50@ ng% detect the.o ergtin tine
or the numberdotVINSt oP R FuiRY PPRRL. URHR b 0RERSbT 18815 Pecoght 1ok
t he conpletign trg?s or %;ion qj the c Q{ier.G to the stop

posi ti on upon’ bei iy HotdTi% € e HritA CSft 5% e i Bed

above, that tgg cgrrigr Pgs meSP transported to the stop position is
not only deted?ed BasRR 3R TRe“Het ecti on signals fromthe first and

second stop pf&ﬁ]ﬁ)n Sensﬂ{é&%ﬁ%%% SP %8%]n%s)m#&mgfb d on the

information o e driving I on. shown 1n Frg. 4,

t he processin@ffﬂgﬁ§eéomgfe£gg#gggén%ggug$Hr@ﬁépglgéﬁgﬁ%gearoIIers 22

arrayed in a n the m rocessi ng er 2a, the

side rol lers 28:-86tcPRi 488 t¥Bratdeg oimeacho@uiden £RE! 8hr2Zerapd a
shaft 405 connected to the nagnetic™ screw 27 through a gear box 409.

The processi ngcardé t&hvaberarapalsedi Pebudese apbetébouwsngd0énsabednN2b
the side of the processing chanber 2a of the shaft 405, the first

stop positionusensothd0danhieh deiectsahsigorcadrterthet saospposetion

along the guide rollers 22, the
in the processing chamber 2a, or of a time
corresponding to a predetermined number of motor
driving pulses. As a matter of course, the processor
501 may detect the operating time or the number of
motor driving pulses. The processor 501 recognizes the
completion of transportation of the carrier 6 to the
stop position upon being notified of the driving
completion. As described above, that the carrier has
been transported to the stop position is not only
detected based on the detection signals from the first
and second stop position sensors, but also doubly
confirmed based on the information of the driving
completion.
[0050] As shown in Fig. 4, the processing chamber
2a includes the plurality of guide rollers 22 arrayed
in a line in the middle of the processing chamber 2a,
the side rollers 28 set on the two sides of each guide

roller 22, and a shaft 405 connected to the magnetic

screw 27 through a gear box 409. The processing
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sensor 303, and the second stop position sensor 305. [0051] Each of
the first stop position sensor 301, sensor 303, and second stop
position sensor 305 can be an optical sensor (photo-interruptor)
including a light-projecting unit and light-receiving unit. The
position of the carrier 6 can be detected upon shielding, by the
carrier 6, light which is always. emtted by the |ight-projecting
unit toward t@eampght2araéepviRgludre. aF@ﬁéX@W§e4ﬁun§?5I§n3©E§ s308a,
and 305a denote |ight- prolectln% units of the first stog p05|t|on
sensor 301, sBhAsbRe3DBOCEAEBdc6RAMREEP22pBSi t6nSEBARSOAOB0O5LNe
respectively. Also, reference, nunerals 301b, 303b, and 305b denote
| i ght - r ecei vi AT SENFESPOPOBRE1PRr SENSPE3RbsIRiBR SBREGFS36EE sensor
303, and second sto 503|t|on sen

e

305, esgectlvel 0052] . The
Shatt 405 i CORAetred LoAPRBOFGER: PORNIshAFt 0t o5 ﬁBﬁ&Fanaﬁ ‘hin
whi ch t i f tsi.de_th h
This motor [sSSBRPGerOBy ERE NBEQPSHP Ui NG AnPEeeb s R0 Parare Frs
rotation shaf sildescrlggﬁhaggvgh Tpgrg@aétggxpéggbgé?agéggg§ g@g

power of the s 405 t e nmagnefic ~screw
processing chapher i §o9ne,Qh, sE@Bnd s%@gngééﬁEHSn éeﬁBBEt§6B”9an be

device, a reactive sputfering device CVD devi ce, and can
include an exhausheibAlt saRdoa QéﬁotBtEQQHEkﬂﬁtHBbt1ﬂ@&ﬁﬁlh@t50duces

argon gas or a reactive gas (e.g., oxygen or nitrogen)
light-projecting unit and light-receiving unit. The
position of the carrier 6 can be detected upon
shielding, by the carrier 6, light which is always
emitted by the light-projecting unit toward the light-
receiving unit. Reference numerals 30la, 303a, and
305a denote light-projecting units of the first stop
position sensor 301, sensor 303, and second stop
position sensor 305, respectively. Also, reference
numerals 301b, 303b, and 305b denote light-receiving
units of the first stop position sensor 301, sensor
303, and second stop position sensor 305, respectively.
[0052] The shaft 405 is connected to the rotation
shaft of a motor (not shown) which generates a rotating
force outside the processing chamber 2a. This motor is
driven by the motor driving unit 503 to rotate its
rotation shaft, as described above. The gear box 409
transmits the power of the shaft 405 to the magnetic
screw 27.

[0053] The processing chamber is one of, for
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al t hough neither is shown. [0054] The light-projecting unit 30la and
i ght- receiving unit 301b of the first stop position sensor 301 are
electrically connected to the processor 501, shown in Fig. 5 via a
first port portion 401. Likewi se, the light-projecting unit 303a and
light- receiving unit 303b of the sensor 303 are electrically
connected to the processor 501, shown in Fig. 5 via the first port

5
portion 401. SFHRIMP1ght2 pFofeEeFHET UFFYIC3052 BeRCTH (Rt SPREEFTVIRG uni t
305b of the %§cond SB%E %ositign sensor 305 are eLe trical%%
connect ed to THE CHr e sdrCBH19Ehown PP BIC WA a2 R eTHRAPor t
portion 402. VWen thg grocessor 591 confirns the hdetectciion siggal
fromthe sens®30%9 3 BT ptit ST ATUCHAE roft 5i YhkF t Rt he et R TRPVR
driving unit 505 to _close e gate valve 4b, as descr%bed above.

th I ,
[0055] Upon red2iing THRe-GrYvi %SCSﬁ%Feti%ﬁyg%?g%5|n%r6%$?ﬁe mot or
driving unit éPého&Qﬁ ££9§§§§O£S g%&wﬁpnfirns that the carrier 6 is
ase

| ocated at the stop” position on the detection signals fromthe

first stop ppgpsdpn sensfle 3Plgpnd, serond 8§ o, POSidd OMangeNsgic 305.

From the vi ewpol nt” of detecting a I'oss’ of synchroni zati on upon

transportati ofRetdali fXPhelt S301880f Mot Syt tsiSpehbeet i¥8 Eénsor
confirm by the processor 501, not only the driving conpletion

si gnal but alser dhe él@@tﬁi@eﬁlﬁl? o0 Ebed st OPcROSHEbOBs SEASYL S,

[ 0056] Figs. 6A to 6C are views for explaining
shown in Fig. 5, via a first port portion 401.
Likewise, the light-projecting unit 303a and light-
receiving unit 303b of the sensor 303 are electrically
connected to the processor 501, shown in Fig. 5, via
the first port portion 401. The light-projecting unit
305a and light-receiving unit 305b of the second stop
position sensor 305 are electrically connected to the
processor 501, shown in Fig. 5, via a second port
portion 402. When the processor 501 confirms the
detection signal from the sensor 303, it outputs a
control signal to the gate valve driving unit 505 to
close the gate valve 4b, as described above.
[0055] Upon receiving the driving completion
signal from the motor driving unit 503, the processor
501 confirms that the carrier 6 is located at the stop
position based on the detection signals from the first
stop position sensor 301 and second stop position
sensor 305. From the viewpoint of detecting a loss of

synchronization upon transportation that exploits
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conventional carrier transportation. A case showmn in Figs. 6A to 6C
as a conparative exanple will be conpared with the present
invention. In the conparative exanple, when substrate processing in
a processing chanber 2b is conplete, a gate valve 4b is opened, and
a transport nechanismtransports a carrier 6 to a processing chanber
2a, as shown in Fig. 6A. Wth this operation, the carrier 6 reaches
the stop poshapgoatén thelpretéssthyechanbentan, abyshbanpraceegor
613. [0057] After it is confirmed that the carrier 6 has reached the
stop position>®hsedobnonhe Hbeedrivhngsrgnaletiepndagnptsbust apso
position sensor 301 and second stop position sensor 305, the gate
valve 4b is ER®seHOPaSigRaRA £HOF ghe6ELOnf PRPLERAR, SENGAEEUM
exhaust process and a process of _introducing argon_gas or a reactive
gas start in iﬂgsﬁ}ocessi%bﬁ%haﬁ%e?OZ%? aT?KﬁEﬁW%iﬁgr ?%Pi%lﬁt?%re
views for explaining.a carrier transport operation when a gate val ve
gianal :

is control | ed°UEFH nSBF AT attOraBATE W PR t He CPHiesER™™ 11
i tion. Wh b t i i . i 2b i
complete a GatesuarbetanePetSonehatr Bat kB AR LR SN B carri or
6 is - 19 d t I - - , i Fi g.
C15; 19 anaperLad.p a piorsksLlg chariel A, s o 0 g

carrier 6, the,ggte,valye 40.34art fnefl 98H008-RELOPECLAESSRALT LAM 46

reaches the stop position,
processing chamber 2b is complete, a gate valve 4b is
opened, and a transport mechanism transports a carrier
6 to a processing chamber 2a, as shown in Fig. 6A.
With this operation, the carrier 6 reaches the stop
position in the processing chamber 2a, as shown in Fig.
6B.
[0057] After it is confirmed that the carrier 6
has reached the stop position based on the detection
signals from a first stop position sensor 301 and
second stop position sensor 305, the gate valve 4b is
closed, as shown in Fig. 6C. After that, a vacuum
exhaust process and a process of introducing argon gas
or a reactive gas start in the processing chamber 2a.
[0058] Figs. 7A to 7C are views for explaining a
carrier transport operation when a gate valve is
controlled using a sensor in accordance with the
present invention. When substrate processing in a
processing chamber 2b is complete, a gate wvalve 4b is

opened, as shown in Fig. 7A. A carrier 6 is
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as shown in Fig. 7C. [0059] In this manner, in this enbodi nent, the
gate valve starts closing before the carrier reaches the stop
position in response to the detection signal fromthe sensor,
advancing the tine to close the gate valve. This makes it possible
to shorten the processing tinme in a processing chanber, thus
improving the throughput and the productivity. [0060] The | ocation
position of atsansperteghto shpebdemgingi cheabas aapaps ehowhein
carrier 6 which shields the light traveling fromthe
light-projectFhg- “Rit B03ahi® tHeel iWan recesNe Mg Ui tISOBB- sthmt
limted to the | eading end of the carrier 6. The sensor

li ght - shi el di h§2@hRe 6adcah bbe| 6earearab ahNeapprBprrave pBsPEREASI n
the carrier 6._This position is determ ned such that the carrier 6
does not coIIFH%SlﬂEtHeFﬁée95P8 GaFvacApowhPERFS EPBsEECRsPPR&CLCOD,
carrier shields the. li veling fromthe |ight-projecting

uni t 303a to £fie® ﬁ?ﬁﬂt}Fegégv hg unit 303b. If the sensor

l'i ght - Shle|dl t 6a is_n | ocated at.{he end of e
carrier Eﬁogglan be fo ohi Ss%anggrtol?u%h g%ﬁgl ainﬁﬂgnd to

the sensor i ght éga@gdgeggeglggégln %QfaLQOQEL Ag§91e@'&ggeags

case in which e carrier ans rte romt proces

chanber 2Db tOtBQestBboﬁS§§£98nCQﬁ”?%%g%ﬁs@aﬁobgﬁg eé%ggkagheglaagye

quite the sane neth gate val ve control is applie
from the sensor, advancing the time to close the gate

valve. This makes it possible to shorten the
processing time in a processing chamber, thus improving
the throughput and the productivity.

[0060] The location position of a sensor light-
shielding unit 6a as a part of the carrier 6 which
shields the light traveling from the light-projecting
unit 303a to the light-receiving unit 303b is not
limited to the leading end of the carrier 6. The
sensor light-shielding unit 6a can be located at an
appropriate position in the carrier 6. This position
is determined such that the carrier 6 does not collide
with the gate valve 4b which is closed as the carrier 6
shields the light traveling from the light-projecting
unit 303a to the light-receiving unit 303b. If the
sensor light-shielding unit 6a is not located at the
leading end of the carrier 6, a slit can be formed so
as to run from the leading end to the sensor light-

shielding unit 6a.
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case in which the carrier 6 is transported between other chanbers
connected to each other. [0062] Furthernore, although an inprovenent
in throughput is attained by controlling the start of closing of
the gate val ve using a photo-interruptor as the sensor for detecting
the carrier in the above- nentioned enbodi nent, the present invention
isnot limted to this. The sensor may be, for exanple, a proximty
sensor or a ph9esthl smAt%hﬁoluﬁkﬁh@wgwe¢ycaSQhbnsﬁms©¢ ey drrrier

i npl emrented by the processor 501. More specificall t he processor
501 can neasufel®herappepatedgfrPietbe Pﬁ@cﬂﬁﬁbﬁgdﬁgﬂmhgruﬁbttgoghe
that is, the operating tinme of the magnetic screw 27 which rotates
by driving t heraeeseiadi GIAGOaRI £25D3S(bAen 66%@3%Fﬁ§e@|ﬁ§OV?0nﬂPhEe
start of carrler transportatiogn), and instruct to ¢l ose gate
valve 4b wheh? ?h%aW%a@ﬁFEGdoﬁérQ?Fﬁgvﬁﬁﬁé fiastFeach&d2BP b?@sEP a

operating tine. Wen the gessor 501 provides the n on of the
sensor, 1t canServe 45 P68t RiEnearsontor. aHat TRBSROREFDI PEFYeF063)

In this case, %h? |bIe Lo stark cI03|HgO£Qe gate valve 4b at a

timng at whic opera?lﬁ I e oft?h%a%arrler transport

h h
mechani sm has g 8%] reacgﬁ%r@hgfﬁéfé OPELALL ”g%%93$eﬁgﬂg Dﬁetect

until the flrst and sec stop position sensors and

the | eadi ng a@ﬂr&u?hbhggl§ng§t9£nEBeb9aEBh€Eo§l1ﬁ§dtBQaEtb§tl8@9

enough to prevent carrier
closing of the gate valve using a photo-interruptor as

the sensor for detecting the carrier in the above-
mentioned embodiment, the present invention is not
limited to this. The sensor may be, for example, a
proximity sensor or a physical switch. Alternatively,
the sensor may be implemented by the processor 501.
More specifically, the processor 501 can measure the
operating time of the motor driving unit 503, that 1is,
the operating time of the magnetic screw 27 which
rotates by driving the motor driving unit 503 (the
operating time from the start of carrier
transportation), and instruct to close the gate valve
4b when the measured operating time has reached a
preset operating time. When the processor 501 provides
the function of the sensor, it can serve as both the
sensor and the controller.

[0063] In this case, it is possible to start
closing the gate wvalve 4b at a timing at which the

operating time of the carrier transport mechanism has
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colliding with the gate valve 4b. In this manner, the processing
time in a processing chanber can be shortened as well by starting
closing the gate valve based on the operating tinme of the carrier
transport rmechanism [0064] The present invention may al so be
i npl emented by starting closing the gate val ve when a detection
signal is output fromthe sensor 303 and the operating tine of the
carrier transpeprehadchaprsArhasrerahehadtampr ebet eperaniPAg vhAel In
this manner, apparatus reliability can be further inproved by doubly
confirming thahet Rgrear ANér sRaS FefERBIPASPF @Bt EPRFAEE 3PdsPrPF0A0S
[ 0065] The operating tine of the carrier_transport _mechani sm may
al so be neasuf@8eBYy EBENtPAGiPHe2RANbERLILSRIpANdESORNFER BREVECH ©
not or, such as ahe above- _nenti oned servo notor Oé stegglng not.or ,

e th pBFt

that rotates *PRetHagnefi o8BS BRPYF sEPVPREVERTt hBet £ 6 from
hani f t he, ier 6. [0066] Ne t d th f
T act ur | e AONGY ELF BobPd: g EReroe BB aht it ae TERbRt 1 aree
t t t he - t i i i lied, wll b
ool ot ned. T nPFBrYSeThaqr ful S0l pEDMERLLAD, charBRD LER Bl i 11

be expl ai ned gg,ap.,e¥agp! G0 Bgtgkazégbggé%gggﬂﬁg@ﬁg ﬁggelbalbais

specification, the term "magnetiC recor imted to
an optical digksedchnasha BaLdadisk Ohime of the carrier transport

mechanism.

[0064] The present invention may also be
implemented by starting closing the gate valve when a
detection signal is output from the sensor 303 and the
operating time of the carrier transport mechanism has
reached a preset operating time. In this manner,
apparatus reliability can be further improved by doubly
confirming that the carrier has reached a predetermined
position.

[0065] The operating time of the carrier transport
mechanism may also be measured by counting the number
of pulses which drive a motor, such as the above-
mentioned servo motor or stepping motor, that rotates
the magnetic screw 27 serving as the transport
mechanism for the carrier 6.

[0066] Next, an apparatus and method for
manufacturing a magnetic recording medium, to which the
substrate transport apparatus of the present invention

is applied, will be explained. In this embodiment, a
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fl oppy (registered trademark) disk using only magneti sm when
recording and reading information. For exanple, a "magnetic
recordi ng nmedi unt includes a magnetooptical recording nmedium such as
an MO (Magneto optical) disk wusing both magnetismand light, or a
thermal |y assisted recording nediumusing both magneti sm and heat.
[0067] Fig. 8 is an exenplary |ongitudinal sectional view show ng an
exanpl e of a WagRetie rereesfdrdagTrREdLENVELAI Ref PKRLSLAEK) as an

manuf actured by the magnetic recordi ng nedi um manuf act uring
appar at us andSXaBBhEt PE PeEBi B hd  Redfam<raif Rt i3 hg! et hbd
according to the enbodinent of the present invention.  In this
enbodi nent, afPEEELLEREAIRgetBBEUpFER COAEBSFEE) rerREtRPoBEALHE] By

[ [ di cul di i, il]l b | ai.ned as an
ool & ot hEChaOnEELEE FBCaParHy et ERHBUEUeRS EnBochl fretand
f th t i ti t_ limited to.this anpl e. . For
core o the FRGREF-hBYEPAREY REGeRMAy iH ELY SaRPRbRe O
4 cul ; i Ctudi ot di ¢
Drt oot ornad"hERT EARBYaTRA Uil 088 bl R b T 8L Peo R S e

As shown in Fhﬁagﬁet&é?r@@%@@?h@ %%Qgh%hngncﬂﬁéégnbi&%g%g%%oﬁtical

substrate 100, and a first soft ™ 23 nagnetic |ayer spacer

|l ayer 102, seeendrgohl mgagnﬁtggchaﬁgraﬁoﬁb,(&agﬁek@y©btléaa>nag@ﬁt!c

| ayer 104, exchange coupling control |ayer 105, third soft magnetic

| ayer 106, andsphgtBethveabayerisk0&nd light, or a thermally assisted
recording medium using both magnetism and heat.
[0067] Fig. 8 is an exemplary longitudinal
sectional view showing an example of a magnetic
recording medium (thin film stack) manufactured by the
magnetic recording medium manufacturing apparatus and
magnetic recording medium manufacturing method
according to the embodiment of the present invention.
In this embodiment, an ECC (Exchange-Coupled Composite)
medium obtained by improving a perpendicular recording
medium will be explained as an example of the magnetic
recording medium. However, the spirit and scope of the
present invention are not limited to this example. For
example, the magnetic recording medium may also be a
general perpendicular recording medium, longitudinal
recording medium, bit-patterned medium, or thermally
assisted recording medium.
[0068] As shown in Fig. 8, the magnetic recording

medium includes a substrate 100, and a first soft
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sequentially stacked on one or both of the two surfaces of the
substrate 100. [0069] As the material of the substrate 100, it is
possible to use a nonmagnetic material generally used as a nmagnetic
recordi ng medi um substrate. Exanples are glass, an Al alloy having
an NiP plating film ceramcs, a flexible resin, and Si. In this
enbodi nent, the substrate 100 is a disk-1ike nenber having a central
hol e. Howevermaghet presaneri hQéati epaces haveri hPRedsegoni sofand a
rectangul ar nenber or the |ike may also be used. [0070] The first
soft magneti cpapericoiayesr hBdb, oAceHel3Vibst FABe MBONES1E Layer
preferably forned to inprove the recordin?/reproduction _

charact eri sti €84byexeBanes| FPHpLlanFagaBErelf La¥eFr 6APa RFR4KEt Fefhead
for wuse in magnetic recording. However, the first soft magnetic

| ayer 10la na?aaP§616e16H?Ftég§fAénﬁhér056ﬁ§ﬂVFu%ﬁveﬁaQQFiaI of the
first soft naggetic | ayer 1013, it is ossLEle to usg, for exanpl e,
CozrNb, Cozr T8IUGHC EREOBCP AP 6B 7 1P ASNENBY nBPERi 8F bf'St h¥COspHEERCSS
| ayer 102, it _i ossible to , for exanple, Ru or Cr. The second
sof t nagneticoFaggg EH%BLFS&ﬁegagn the spacer |layer 102 - 24 s

i dentical to EB?S?LTSt SOf L ?ggg@éﬁga%éyeéf19ﬁébﬁﬁﬂgé¥££ésio§°fEt is

magnetic | ayer spacer and sec oft magnetic
layer 101b fOﬁBEQiEQEttouﬂggrEaﬁgﬁmagnetic material generally used

as a magnetic recording medium substrate. Examples are
glass, an Al alloy having an NiP plating film,
ceramics, a flexible resin, and Si. 1In this
embodiment, the substrate 100 is a disk-like member
having a central hole. However, the present invention
is not limited to this, and a rectangular member or the
like may also be used.

[0070] The first soft magnetic layer 10la formed
on the substrate 100 is a layer preferably formed to
improve the recording/reproduction characteristics by
controlling a magnetic flux from a magnetic head for
use in magnetic recording. However, the first soft
magnetic layer 10la may also be omitted. As the
constituent material of the first soft magnetic layer
10la, it is possible to use, for example, CoZrNb,
CoZrTa, or FeCoBCr.

[0071] As the material of the spacer layer 102, it
is possible to use, for example, Ru or Cr. The second

soft magnetic layer 101lb formed on the spacer layer 102
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[0072] The seed layer 103 forned on the soft wunderlayer is a |ayer
preferably fornmed i medi ately below the nmagnetic |ayer 104 in order
to suitably control the crystal orientation, crystal grain size,
grain size distribution, and grain boundary segregation of the
magnetic | ayer 104. As the material of the seed Iayer 103, it is
possible to use, for exanmple, MJO_ C, Ru, Pt, or [0073] A
magnet i c reco%ﬁlh@enéy@ﬁl5tPnéh@déérﬁﬁesoﬁﬁgmégn@tFQyéﬁY§G4lﬁé@|ng a
| arge Ku val ue, the exchange cou [ln? control layer 105, and the
third soft nﬁ@ﬁe?FESFa§@ﬁt1@69ﬁégﬂﬁg avekal PlRu GRRGEL [6U?H] 1FRe
magnetic |ayer 104 fornmed on the seed _|ayer 103 and having a |arge
Ku val ue affe@Pg Fﬁ€°n6v§P§FlmﬁﬂnﬁéFEelﬁYthéoHﬁgﬁ@FWcaré@nging

| ayer 5, gaﬁirlal havi ng a nmaxi num possi ble Ku value is
preferably usBH “Yfie-material of the magnetic |ayer 104 whi ch

hibits th h t it ible t t I
havi ng an cas]ORkghet | zat Fh S8t sl pEThehtl cir bRt o tnereupetFate -
surface, and h génga rsgructga |n mhkgragfrrggggngt L ¢ g&ggg%lare
i sol ated by Fﬁ nonfragneti € Farh Boun onent “oOf —a Xt de.

For exanpl e, gélb§ PHgshQ%ﬁeEQCUEQ ér”ﬁb@rkﬁ'ord@§. BbEB&EQﬁ gy

adding an oxide to a ferr netic materia contai ning at

CoPt . Exa”pleéoﬁﬁ?ogbghgrc§y9%a§ngr1gﬁgﬁt§b§2 ckistai1absgipogsihle to
use Co50Pt 50, FesoPtso, Co50_yFeyPt 5

grain size dlstrlbutlon, and grain boundary segregation
of the magnetic layer 104. As the material of the seed
layer 103, it is possible to use, for example, MgO, Cr,
Ru, Pt, or Pd.

[0073] A magnetic recording layer 5 includes the
magnetic layer 104 having a large Ku value, the
exchange coupling control layer 105, and the third soft
magnetic layer 106 having a small Ku value.

[0074] The magnetic layer 104 formed on the seed
layer 103 and having a large Ku value affects the
overall Ku value of the magnetic recording layer 5, so
a material having a maximum possible Ku value is
preferably used. As the material of the magnetic layer
104 which exhibits the above characteristic, it is
possible to use a material having an easy magnetization
axis perpendicular to the substrate surface, and having
a structure in which ferromagnetic grains are isolated
by the nonmagnetic grain boundary component of an

oxide. For example, it is possible to use a material
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[ 0075] The exchange coupling control |ayer 105 forned on the
magnetic | ayer 104 contains a crystalline nmetal or alloy, or an
oxide. As the material of the crystalline netal or alloy, it is
possible to use, for exanple, Pt, Pd, or an alloy of Pt or Pd. As
the crystalline alloy, it is also possible to use, for exanple, an
all oy of an elenent selected fromCo, Ni, and Fe and a nonmagnetic
met al . A mat epbabinethblyonddingneni 2aidenteushfasram@gaeBial Moy emagl
al so be enployed. [0076] The strength of the exchange coupling force
bet ween the neghegigingyaf 1eas&anfofhi r cEx3TRlemgret | €oPTayefiqd06nshn
nost sinply be controlled by changing the_ filmthickness or

conposi tion of°PReSéRehardde oI hPOoEdMlcolta aFsr Croshtsihe FepdRhso:

t hi ckness of the _exchange coupling control layer 105 is desirably,
for exanple, ©B.5%wv¥E:F%m [0077] The third soft magnetic |ayer 106

f d th i trol | 105 i f i

to reduce the RGOAG] 2at i OHor BOGPENAD CHRDALEF CPREFAL SYETmbOSr i

havi i ni i b K I i bl d. As_th .

material of tREPRER PR 5Pt “AEURGL C rERer 10600 PE S B paeeTHFE A tre
, - 26 f Ni L ke, 78] - T

g?gtective Ig§8§§§ggk$8%%§g'OEESRQCngﬁgd g% Egﬁégﬁgk?%gggy%$ Q@% IS

;Or”Ed to prexepkra$95hasheRagnddanage, caused Byskhgicontagkebetypen
example, Pt, Pd, or an alloy of Pt or Pd. As the
crystalline alloy, it is also possible to use, for
example, an alloy of an element selected from Co, Ni,
and Fe and a nonmagnetic metal. A material with low
magnetization such as a CoCrB alloy may also be
employed.

[0076] The strength of the exchange coupling force
between the magnetic layer 104 and third soft magnetic
layer 106 can most simply be controlled by changing the
film thickness or composition of the exchange coupling
control layer 105. The film thickness of the exchange
coupling control layer 105 is desirably, for example,
0.5 to 2.0 nm.

[0077] The third soft magnetic layer 106 formed on
the exchange coupling control layer 105 mainly
functions to reduce the magnetization reversing
magnetic field, so a material having a minimum possible
Ku value is preferably used. As the material of the

third soft magnetic layer 106, it is possible to use,
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head and the medi um surface. As the protective |layer 107, it is
possi ble to use, for exanple, a film containing a single conponent
such as C, Si02, or Zr02, or a filmobtained by adding an additive
elenment to C, Si02, or Zr02 as a nain conponent. [0079] A thin film
formati on apparatus (to be also referred to as a "magnetic recording
medi um manuf acturing apparatus” hereinafter) used in the magnetic
recordi ng medf e FEHTIPHRt UFP ngVHES hoBoNEER or &F ngP¢ 6P ERe enbodi ment of
the present ipventjon wll be explajned below Fig. 9 is an

exenpl ary vi eWP0%hbwi ng allexRipt € oF Ve e ¥rignkt 1 chﬁ“@f’:%c? Fhg-HRdi um
manuf act uri ng afggratys according . to the enbodinent of the gresent

i nvention. Figitid® $RLG PRENChAF(1#6FT £%DI &F nt AG e heQefhehtRt of t he

magneti c recordin .nediun1§%nufacturin 00 n_t he

nmet hod. 80£ I
magnet i ¢ recordf hgSHedi the ARAEPactIPPRY Rbparat TR a3 shBwh " FR" Fig.
9, a load | ock _ch i h trate 100 (Fi g,
2 Garrier 2 G U Bt oRR NN B e B f o b o e VS T at o
100 fromth i | 201202, 203,
204, 208, 206t bo7e 268, PEEEEEPS 158 U3y, “hen ORILS, 1 61 E8%, 6
217, and 218 apg:aiRing a4k’ 80a5ee abongoh b cONtRULs of §i@e,ct@zggé&2,

Also, a transfer path is fornmed along the | oad | ock chanber

chanbers 201 g 218;1@andbtiai fad bpckaghagbeh 83aidhee transhercpath
has a plurality of carriers 2 capabl e of

$10,, or Zr0O, as a main component.

[0079] A thin film formation apparatus (to be also
referred to as a "magnetic recording medium
manufacturing apparatus" hereinafter) used in the
magnetic recording medium manufacturing method
according to the embodiment of the present invention
will be explained below. Fig. 9 is an exemplary view
showing an example of the magnetic recording medium
manufacturing apparatus according to the embodiment of
the present invention. Fig. 10 is a flowchart for
explaining the sequence of the magnetic recording
medium manufacturing method.

[0080] In the magnetic recording medium
manufacturing apparatus as shown in Fig. 9, a load lock
chamber 81 for loading the substrate 100 (Fig. 1) on a
carrier 2, an unload lock chamber 82 for unloading the
substrate 100 from the carrier 2, and a plurality of
chambers 201, 202, 203, 204, 205, 206, 207, 208, 209,

210, 211, 212, 213, 214, 215, 216, 217, and 218 are
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carrying the substrate 100. In each chanber, a processing tinme (tact
time) required for the processing of the substrate 100 is
predeterm ned. When this processing tinme (tact tinme) has el apsed,
the carriers 2 are sequentially transferred to the next chanbers.

[ 0081] Each of the load | ock chanber 81, the unload | ock chanber 82,
and the plurality of chanbers 201, 202, 203, 204, 205, 206, 207,
208, 209, 210arpangedaponglghenggntouss ofsa pertagade21ghlso, a
corresponds to the processing chanber_2a according to the_ present

i nvention, anareaﬁﬁﬁrséétbhéSséﬁ§8ﬁd39é0ﬂartaété@ﬁgnéOCKhéhé@P?re?}f
the first sto osition sensor 301, and _second stop position sensor

305. [0082] FEPQWHErﬁaﬁﬂétFE fé€or aAgURRAREM ORknGPalPEKI G- The

b . 000 bst r at h . the t ti
' one. chambel “Fac [&RoRRLE 830 G PYLSS! LarfAFy  BBGuP S2BoGAE BF

less. [0083] Each, of Load. | ock chanber 81, uni | ock chanb
53, and chanbSRLL 9030 505, °903° 964, LI0s, 206 °bOF 508  ob0. 210,

2. B2, syt s I, o8 0 A R s

can be evacua a-de or s vacuatin

val ves (not sfewn)cacgLEeraed hRot he RRHRdAEYPREH! ONgLan 28,1 bet ween
the | oad | ock chanber 81, unload | ock chanmber 82, and chanmbers 201

202, 203, 204580855206, 204, (c408, £208) BiQ, e2ibsedl2tnél3arsldyrs 2
215, 216, 217, and 218.

are sequentially transferred to the next chambers.
[0081] Each of the load lock chamber 81, the
unload lock chamber 82, and the plurality of chambers
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211,
212, 213, 214, 215, 216, 217, and 218 corresponds to
the processing chamber 2a according to the present
invention, and comprises the sensor 303 for detecting
the carrier, the first stop position sensor 301, and
second stop position sensor 305.

[0082] For the magnetic recording medium
manufacturing apparatus to process about 1,000
substrates per hour, the tact time in one chamber is
about 5 sec or less, desirably, about 3.6 sec or less.
[0083] Each of the load lock chamber 81, unload
lock chamber 82, and chambers 201, 202, 203, 204, 205,
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217, and 218 is a vacuum chamber that can be evacuated
by a dedicated or shared evacuating system. Gate

valves (not shown) are formed in the boundary portions
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[ 0084] More specifically, the chanber 201 of the magnetic recording
medi um manuf acturing apparatus forns the first soft nagnetic |ayer
101la on the substrate 100. The direction change chanber 202 changes
the transfer direction of the carrier 2. The chanber 203 forns the
spacer |layer 102 on the first soft magnetic |ayer 10la. The chanber
204 fornms the second soft nmagnetic |ayer 101b on the spacer |ayer
102. The chakbeveepsther Apathéoskeghpaber 303 vBRlPRE deebnghspper
magneti c | ayer 101b. The direction change chanber 206 changes the
transfer direB2iofndf CEABPEEFr B  220Fhe20fnghRtti c2Peecof8Fng2Rédi um
manuf act uri ng agparatus al so__includes the chanber irst

207 f
heating chanbéP¥ affl® t RéCchakber 2288 €a3seddfid Reéati ARG 2h§ﬁﬁer?n§s

preheati ng chanbers for preheating the substrate 100. The chanber
209 can al so fofmthe seed | ayer 103. [0085] The chanbers 210 can

funct i on as SPHbbSY|Ng  SPRRLALUSC] PI_LOLYl g, Lhe, tgaets 6y | ayer, 204

on the seed lFayer- 103. € Co0 cool's su rate

100 on whi ch ﬁgﬁaggggﬁEES kéXﬁéi%QéipﬁtWBB&@EQtulﬁggd%ﬁgggégpﬁﬁgégﬁg

chanmber 212 c e irection o e carrier

chamber 213 EHét??EsEPQB%ttRQg%EQ?Er?59e}0901§h8n09ﬁ€b§hb%%%ﬁE8r"E -

29 the exchange coupling cont ~layer”105 on the nagnetic ayer
104. The chambgp 21pnd ofBedbheoh NbhdhsOfthaBanel o £ LRy esed06,0n the

exchange coupling control |ayer 105.” The direction change chanber

216 changes transfer direction of the carrier 2. The chamber 203
forms the spacer layer 102 on the first soft magnetic
layer 10la. The chamber 204 forms the second soft
magnetic layer 101b on the spacer layer 102. The
chamber 205 forms the seed layer 103 on the second soft
magnetic layer 101b. The direction change chamber 206
changes the transfer direction of the carrier 2. The
magnetic recording medium manufacturing apparatus also
includes the chamber 207 (a first heating chamber) and
the chamber 208 (a second heating chamber) as
preheating chambers for preheating the substrate 100.
The chamber 209 can also form the seed layer 103.
[0085] The chambers 210 can function as sputtering
apparatus for forming the magnetic layer 104 on the
seed layer 103. The cooling chamber 211 cools the
substrate 100 on which the magnetic layer 104 is
formed. The direction change chamber 212 changes the
direction of the carrier 2. The cooling chamber 213

further cools the substrate 100. The chamber 214 forms
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the direction of the carrier 2. The chanbers 217 and 218 formthe
protective layer 107. [0086] In the chanmber 209 for formng the seed
| ayer 103, two targets are installed facing each other. This nmakes
it possible to formthe seed | ayers 103 on the tw surfaces of the
substrate 100. As the target material for formng the seed | ayers
103, it is possible to use, e.g., G, MO Pt or Pd. Note that a
t urbo nol ecul Bheparphangebecrupiangedonoras aayFNPL0oShenethaf megnegic
for evacuatin? a chanber is connected to each of the chanbers 209,
210, and 211. 1ppe87]0%he Eranpermbap FLhciowns HecatBpudterihg
apparatus and forns the magnetic |ayers 104 on the substrate b{
sputtering tafgenchafelPdPs 386 PR the SXRBABEF Z2UPlEDOSSPRTHE
above-nentioned nmagnetic |ayer material = can be used as the nateri al

of the first targét 145a, Th&iFHPEr Yot 2DPILcrPearget 943an9end
f th t t . 43h. For . | it is, ible t i al
Do ned by bt R i P a OB Thel 677 SiBendr s clia G T B er B ont 4i g
t | t CoPt | Pt Cr.- Si d Pt-Sio2. It i |
B aroL CoPaaSameE s B SRR S SRR rL S L h 5 <
target materigloggy30 [09§9LhEOEhEngPHQ § fgrr§8g&gh§9tﬂédgegﬁ
, 00 substr our,

manuf act uring ‘apparatus to process about tes per
the tact tinejhp.onepshapher cayskrhe shorhengd 1t 2BeUhgSe$e6 Bkher.

| ess, desirably; about
This makes it possible to form the seed layers 103 on
the two surfaces of the substrate 100. As the target
material for forming the seed layers 103, it is
possible to use, e.g., Cr, MgO, Pt or Pd. Note that a
turbo molecular pump (to be referred to as a "TMP"
hereinafter) 31 for evacuating a chamber is connected
to each of the chambers 209, 210, and 211.
[0087] The chamber 210 functions as a sputtering
apparatus and forms the magnetic layers 104 on the
substrate by sputtering target materials set in the
chamber 210.
[0088] The above-mentioned magnetic layer material
can be used as the material of the first target 42a,
third target 42b, second target 43a, and fourth target
43b. For example, it is possible to use a material
obtained by adding an oxide to a ferromagnetic material
containing at least CoPt. Examples are CoPtCr-Si0O, and
CoPt-S1i0,. It is also possible to use Cos¢Ptso, FesoPtse,

or Cosp yFe,Ptsp as another target material.
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3.6 sec or less as described previously. [0090] Next, a nagnetic
recordi ng nmedi um manufacturing nmethod using the nmagnetic recording
medi um manuf act uri ng apparatus according to the enbodi nent of the
present invention will be explained belowwth reference to Figs. 8
and 10. [0091] In step 5501, a substrate is carried into the |oad

| ock chanmber 81 and placed on the carrier 2 by a substrate transfer
robot (not shéQA$21[0092]FPH Ehepmad502Li¢heccebdirateedsukeated to a
predeterm ned tenperature T1 (about 100C) in the |oad |ock chanber
81, thereby reppvfagtesananrRRAT3ItHAdEOVAreEesei akPH Lo0PRe
substrate. [0093] In step 5503, soft underlayers are forned. More
speci fi cal | y, SRPPEFatgft PREgHEHTE e FBgefF3clotamar én PBPNEAAMREFhBUST
chanber 201, spacer | ayers 102 (the thickness is 7.to 2 nm_ are
fornmed in the @héﬁBEFeHQéBtoaﬁHogécénaegoPF iﬁ@ﬁetﬁ@SF§§€P¥ 16PBUAr e
formed in g ghanber 204. [oogé% § &p 5504, Ee Substrate is
sequentlally aisfePred®ts fRe“cRaMbEF 2@§eYFPP§ Yheati ng chanber)

d chamb d d .
end chanber ' 208 bgecond hegng, chemberl. ppg beRLEaB 8
temper atur e T} (about.,100 >mgehahees§§ 26 INisoakep. Laca ArgRaration

step of increasi ng t netic anlso magneti c recordi ng

ngg;;lﬁgen f QERT NG mgﬁg@gkterhﬂﬁeagpAQéthgtsecokalhaetgagﬂ@t'C

embodiment of the present invention will be explained
below with reference to Figs. 8 and 10.

[0091] In step $501, a substrate is carried into
the load lock chamber 81 and placed on the carrier 2 by
a substrate transfer robot (not shown).

[0092] In step S502, the substrate is heated to a
predetermined temperature Tl (about 100°C) in the load
lock chamber 81, thereby removing contaminants and
water sticking to the substrate.

[0093] In step S503, soft underlayers are formed.
More specifically, first soft magnetic layers 10la are
formed in the chamber 201, spacer layers 102 (the
thickness is 0.7 to 2 nm) are formed in the chamber
203, and second soft magnetic layers 101lb are formed in
the chamber 204.

[0094] In step S504, the substrate is sequentially
transferred to the chamber 207 (first heating chamber)
and chamber 208 (second heating chamber), and heated to

a temperature T2 (about 400°C to 700°C) higher than the
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medi um manuf acturi ng apparatus, the processing time (tact tinme) in
one chanber is limted in order to increase the throughput. In the
chanbers 210 for formng magnetic layers 104, it is difficult to
heat the substrate to a tenperature required to increase the
magneti c ani sotropy of magnetic layers 104 within the |imted tine.
Therefore, the magnetic recording nedi

ym panuf acturing appar at us
i ncl udes the ERBRBERTSEH? Efi (8POUReAPPHy cHANDE?Y %%%zchéﬁﬁﬁﬁ S
(second heatin chanber%gfor rehea%in % relimpary heating) . In
t he nagneticlgeﬁopﬁ?ﬁar HPBngﬁﬁﬁuP cng'EaséBBaFgﬁu@?gpﬁEl chamber
207 (first heating_chanber) and chamnber 2%8 (iecond heat i chanber)
function as prBFFHFRARY ChelePG AEaRSCOrB088] [&VREE PRENsABET Ao

t enperature decreases ,before e,substrate i,s conpletely transferred
%BQ E a# t e %%he%h% rec 11

to the chamb®rI35b Fol ¥ 5FHi gnetic tayers SUDSTTat e

s, b Mt L LA e

heat i ng chanber con éating ¢

tenperature equakcteipe) AhoRRE ChaRpkpe;LeTR&E AEUN ¢nr BAHELEd L O
i ncrease the nmagnetic anisotropy i1 n the chanmber 210. If the

substrate nadenefegbassnkstayeuiegted, hoWeverohddbdBY 2182for
plastically deformand fall fromthe carrier 2. In the chanber 207

(first heatingoehangempgandiehaabers2084,(secopddhedtcngrchanbeny,

therefore, the glass substrate is preferably heated to a tenperature

bel ow the substrate to a temperature required to increase the
magnetic anisotropy of magnetic layers 104 within the
limited time. Therefore, the magnetic recording medium
manufacturing apparatus includes the chamber 207 (first
heating chamber) and chamber 208 (second heating
chamber) for preheating (preliminary heating). In the
magnetic recording medium manufacturing apparatus, the
chamber 207 (first heating chamber) and chamber 208
(second heating chamber) function as preliminary
heating means.
[0095] Since the substrate temperature decreases
before the substrate is completely transferred to the
chamber 210 for forming magnetic layers 104, the
substrate must be heated (preliminarily heated) in the
chamber 207 (first heating chamber) and chamber 208
(second heating chamber) to a temperature equal to or
higher than the temperature required to increase the
magnetic anisotropy in the chamber 210. If the

substrate made of glass is overheated, however, it may
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where plastic deformati on occurs. For sonme glass substrates this may
be up to, for exanple, 600C. [0096] In step 8505, seed |layers 103 are
formed to suitably control the crystal characteristics of nmagnetic
| ayers 104. Note that the seed |layers 103 may also be fornmed in the
chanber 205 before the heating step in step S504. [0097] In step
8506, the substrate is transferred to the chanbers 210 for form ng
magneti c | ayepsadbical hriddrhgnet ped| bt sfTow bhe fermre@rwAi| el Hene
substrate is heated to a predeterm ned tenperature T3 (about 400C
to 600C). In ?h@@bgreéwthglﬁﬁenéﬁ%lnay@h@m@em ard FbeREETWAPEe t he
substrate is uniforn1% heated in the chanmber 210 as descri bed
previously. [0898PenlgpbpnaserampRE) subbeFatescar Bhesddasftially
transferred to the cooling chanbe 211 and 213 and cooled to %

t enper at ur e oﬁ?PﬁEﬁ?FSrl?hBrefSFﬁéiVoﬁeBFegrBPeEtF@@P?§?EP§91©?.OWhen

[ b th i gl _of t tecti I 107, th
Substrate mustABECCBbMBHL P otoF BFEX AR BCabBt FIb0E-TGr HBES. [ 0099)

|ngStep 8508, Lhe sUPsLr ehegl Ralr ESLETLEd. oo Lhengharberge2l? and

u
218 for prote%Flve ?ayers posi tron e forned

by CVD. [0100}qpgk¢ that ﬂﬁtééé%hé@0§¥09@@@el UpLi NGy POt EQLnLaYesSs

105 may al so be fornmed between the nagnetic layers 104 and

protective | aygi8a89¢ LBntbE1 the crystal characteristics of
magnetic layers 104. Note that the seed layers 103 may
also be formed in the chamber 205 before the heating
step in step S504.
[0097] In step 8506, the substrate is transferred
to the chambers 210 for forming magnetic layers 104,
and magnetic layers 104 are formed while the substrate
is heated to a predetermined temperature T3 (about
400°C to 600°C). In this step, the magnetic layers 104
are formed while the substrate is uniformly heated in
the chamber 210 as described previously.
[0098] In step 8507, the substrates are
sequentially transferred to the cooling chambers 211
and 213 and cooled to a temperature optimum for the
formation of protective layers 107. When using carbon
as the material of the protective layers 107, the
substrate must be cooled to, for example, about 200°C
or less.
[0099] In step 8508, the substrate is transferred

to the chambers 217 and 218 for protective layers 107
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chanber 214. Note also that third soft magnetic layers 106 may al so
be fornmed in the chanber 215 after the substrate is cooled and
before the protective |ayers 107 are fornmed. [0101] Finally, in step
8509, the substrate is wunloaded as it is renoved fromthe carrier 2
in the wunload | ock chanber 82. [0102] As expl ai ned above, this
enbodi ment can provide a nmagnetic recordi ng nmedi um manuf acturi ng

nmet hod capabl @eRPS Pekdrhgh UhRY oPen £ erped gft??(lr%VDcont rol on
substrate surfaces, [010%% Wil e the present invention has been
descri bed wit 0}%tkr ence N exEft dtyF ThentS1ande R e
understood that the invention is not |[imted. to hﬁ di scl osed

exenpl ary enbodiient st adeES stdpe™df 2t ?%If%ﬁW%@ FRIRE" SPf0 be
accorded the broadest _interp ati on_so_as, t o enconpas 'l _such
Todi 11 at | onSVARLE ot VATERE it UEEar BES Rt FURCt T OnEe 10734 VRRT 1S
CLAIMED | S: 1., A subs te fransport arat.us, conpri si ng:. . chanber
connected to (él&%rﬂb%yf h%{r gt hrl\ijoutg% a[z;lsgoattgp va%vler;d at rar%ap%r%it lrrcggha ne:ars%

cont i gur ed 10, 9pethe, gatee Valieaand Lo ! LANROLL; 85 CRELLET het ween

the chambers ranspor h; a“sensor configured to detect
the carrier bgfre sthe; carsbebqr RENESFErStORePOSLELOPILE 1 Bfers

chanber; and
107 are formed.
[0101] Finally, in step $509, the substrate 1is
unloaded as it is removed from the carrier 2 in the
unload lock chamber 82.
[0102] As explained above, this embodiment can
provide a magnetic recording medium manufacturing
method capable of performing uniform temperature
control on substrate surfaces.
[0103] While the present invention has been
described with reference to exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest

interpretation so as to encompass all such

modifications and equivalent structures and functions.
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a controller configured to cause the gate valve to start cl osing
based on the detection signal fromthe sensor. 2. The apparatus
according to claiml1, further conprising a first stop position
sensor and a second stop position sensor configured to respectively
detect a leading end and a trailing end of the carrier at the stop
position in the chanmber, wherein the sensor is |ocated at a position,
between the first stop positi onWBahsof @hlI¥BEe s8cond stop position
sensor, at which the carrier does not collide with the gate valve
when the gatelval verisubstpgled. tBangegubsapRaea t L anSPoPT 1 appar at us
conprising: chanbers connected to each other through a gate valve;
a transport mechani SheelonTs gtperctoedpen ¢heh gatleer-tidpough| yegand
transport a carrier between the chanbers along a transport path; and
a control |l er ¥®hf®gured to cause the gate valve to start closing

before the carrier reaches a stog gosition Ln the_chanber based on
an operating tinme of CIMeSPPhhsPoriiibERanPRit I eFneC apparatis 9ate

according to claim3 mﬁgrein the controller Measur es %he erating
time of the tYahEportd nechanPeHPby Cotntrhb: t He: Kiber 1or “paTees"
whi ch drive along a transport path;

a sensor configured to detect the carrier before
the carrier reaches a stop position in the chamber; and

a controller configured to cause the gate valve
to start closing based\on the detection signal from the
sensor.
2. The apparatus according to claim 1, further
comprising

a first stop position sensor and a second stop
position sensor configured to respectively detect a
leading end and a trailing end of the carrier at the
stop position in the chamber,

wherein the sensor is located at a position,
between the first stop position sensor and the second
stop position sensor, at which the carrier does not
collide with the gate valve when the gate valve is
closed.
3. A substrate transport apparatus comprising:

chambers connected to each other through a gate
valve;

a transport mechanism configured to open the gate
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a notor to drive the transport mechanism 5. A substrate transport
apparatus conprising: chanbers connected to each other through a
gate valve; a transport nechani smconfigured to open the gate valve
and transport a carrier between the chanbers along a transport path;
and a controller configured to cause the gate valve to start closing
before the carrier reaches a stop position in the chanber. 6. A

met hod for namufectamd ngransponet & ccaecdedi pgt weeni Une ushagbans
apparatus conprising a substrate transport apparatus as defined in
claim 1. 7. Ahwmdod fornsp@uf aeetlti ngn@d magnetic recording nedi um
usi ng an apparatus conprising a substrate_transport apparatus as
defined in clai m3.a8°%Het conf e dctursdgsa Hagrerte valve
recordi ng nedium using an apparatus conprising a substrate - 36
transport appe? attarasCHefiRedPe hoEs ab e Ssarrigy reaches a stop

position in the chamber based on an operating time of

the transport mechanism.

4. The apparatus according to claim 3, wherein the

controller measures the operating time of the transport

mechanism by counting the number of pulses which drive

a motor to drive the transport mechanism.

5. A substrate transport apparatus comprising:
chambers connected to each other through a gate

valve;

a transport mechanism configured to open the gate
valve and transport a carrier between the chambers
along a transport path; and

a controller configured to cause the gate valve
to start closing before the carrier reaches a stop
position in the chamber.

6. A method for manufacturing a magnetic recording
medium using an apparatus comprising a substrate
transport apparatus as defined in claim 1.

7. A method for manufacturing a magnetic recording
medium using an apparatus comprising a substrate
transport apparatus as defined in claim 3.

8. A method for manufacturing a magnetic recording

medium using an apparatus comprising a substrate
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transport apparatus as defined in claim 5.





