: 1 012e3eMe\ MTTUXX] 6] T>\ 31 AUG 2004 -1- COATI NG APPARATUS AND N&%IH@;zﬁh
APPARATLS Background of the Invention 1. Field of the Invention 8 'The
present_ﬁnvention relates to a coating apparatus for coating a substrate to
be processed such as a sem conductor wafer or the like with i uch
as a resist solution, a devel oping sol uti og, or the |ike ancﬂmwmmmwmnm
apparatus. 10 2. Description of the Related Art In a photoli ograg*y
process of the process of fabricating a sem conductor device, fcﬁ“’&anple,
resi st coating processing of formng a resist filmon the surface of a

sem conduct or wafer (hereoxpfverAPPARATEH ABDtMIXINGaARRABATYSand

devel opi ng processing for the resist-coated wafer are perfornmed with
exposure processing therebetween. If notice is taken of the resist coating
processing, a spin coating nmethod or the like is 20 frequently used as a
met hod for unifornly coating tBagkg ik off the IpgentiQnh a resi st
solution. Resist coating by nmeans of this spin coating nmethod is perforned
as foll ows: thelmafeFl?gdr@ﬁaFBG WAVEBtB&MNg vacuum sucked by a spin chuck;
the resist solution is 25 dropged and supplied to the surface of the wafer
fromdirextly above TRE BEREEPtOAPVRBLAGParEIRTEENFA Re PALYY sol ution is
spread over the_entire surface f£on1 3 é AU_G 200 -2 the cent sofﬁthe
waf er by centri#RBAF2FBPcEOT| HOALHRYi 8¢ S¥ EFFﬁgeagﬁaP§t8§9&F%ﬁ% s tVpe, the
t hi ckness of a fesis Llm olle : ti.0 of the

- spin chuck (maf%%)é %ﬁ%%???aagFgga%QE%%r8gsgh?%1?b%h&ﬁ§% §p§E§35§Q¥hinner
resist filmcan obtain . s rom,t I gL f ; f nce of
t he coating app%?gyuggi?sgg?l%$ﬁ§¥?gfé%ﬁénasggg%ug?lﬁﬁgsggﬁﬁngﬁ%cﬁ?ﬁaa

m ni mum val ue ofha {9kBRRhA geﬁ&§gnéibgbbghgﬁgqss is restricted by itself.
Therefore, whenever the thickness of a resist filmis changed, resist

sol utionggdiffepent beseirigpeSohy ofeethe Rlat@eparted. I n order to cope with
the aforesaid situation, an art in which a resist solution to with a
desired viscosity isIauppliphetodithognaphyr dnocess raf 1they precesxiof ratio

of a resist solution to a thinner is described in Japanese Patent Lajd-open
No. Hei 10-242048bricating a semiconductor device, for example, resist

coating processing of forming a resist film on the
surface of a semiconductor wafer (hereinafter referred
15 to as “a wafer”) and developing processing for the
resist-coated wafer are performed with exposure
processing therebetween.
If notice is taken of the resist coating
processing, a spin coating method or the like is
20 frequently used as a method for uniformly coating the
surface of the wafer with a resist solution. Resist
coating by means of this spin coating method is
performed as follows: the wafer is rotated while being
vacuum-sucked by a spin chuck; the resist solution is
25 dropped and supplied to the surface of the wafer from
directly above the center of the rotation; and the

resist solution is spread over the entire surface from
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and Japanese Patent Laid-open No. Hei 10-272407. In such a resist coatziﬂdlg
apparatus, however, the resist solution and the thinner have no31 AUG
conpatibility, and hence mxing is insufficient in sone cases. \Wen the
wafer 15 is coated with a m xed solution in such an insufficient mxing
state, ununiformty of resist filmthickpess within the surface of the

waf er sonetines occurs. Summary of the Invention Statenents of the
invention may be found in clains 1, and 11. .An object of t present

i nvent i on i e centgr Ghthewater Mé‘FWH&‘gé‘bg‘é?eaﬁHsa TeYst C%ttl)ﬂéﬁﬁﬁp(%aﬁ’fsyoqgglétt}'ﬂ?g t he
surface of 3 1 AUG 200 - 3 a substrate with a solution such as a resi st
sol uti on whihethicknespof 2 eegist flne pan kagestrotedby hedotation srasd ohBisapin ¢huck A
coating apparatus of the present invention 5 conprises: a holder for

hol di ng a sg#agér) aNamnely, nathzinenéroasesn pphtjomgpeed, mi thiadersrebistt filoncanfbea
processing solution and a solvent to a surface of the substrate; a first

pi pe havi ngg@afkd st inside dianmeter, for supplying the m xed solution to
the nozzle; a second pipe having a 10 second inside dianmeter, for supplying

the procgssing SHIPUJte{/é}nfrB{ﬁ yti'lg'ﬁmil 4 %herﬂept%imﬁic% ke frd d%bf?ﬁ’g Btk el ied

i nsi de dianeter, tor supplylng e sol'vent to the first pipe; a fourth pipe
which has a faourth inside diapeter smaller a | - 1.nsi de

di amet er, t FpLatOE S?S‘E‘ﬂ?ﬁfgf ﬁ%‘f‘&g&‘ihs’amrg?l}ma %‘LLT #eaaﬂ[ohT?%e ?Jr%gsll gderﬁ leilgmag ée{r1
which is connected to the first pjpe, the second pipe, and the third pipe,
to which t heespictrisitsel- %F{?tf?YSn"BE‘?%&VWge %‘ﬁ%?ﬁof%r@s‘%&fgm liség?ngéade%ﬁ' cﬁ

supplies the m xed sol ution of the processing solution and the 20 sol vent
to the fir ssolptige. differentinrviscagpanest tsboprepiredpr esent i nvention conprises: a
first pipe having a first inside dianeter, for discharging a m xed solution
of a processing H0bidei Rrropadiith teohfoesshid sttustemo adag inpwhivhwi mgstesobioond 25

i nside dianeter, for supplying the processing solution to the first pipe; a
third pipe Q@i dkshed Pisésbithy Redpplist SwrB bevaferl | contipRingitRgmiigg fdlogat to the
first pipe; 3 1 AUG 2pp~"- 4 a fourth pipe which has a fourth inside

di aneter s - Of gt 1S i ar gl de
di amet or , - aneh e FlbAR o hien s WsclteRin YARRRCSE PlATERGlopeh 1E. REF R4,

pi pe, the second pip 5 and the.third, pi to which the processing

sol ution anamff?é’ag%ﬁ’éﬁf‘t gf‘@""é’ﬁﬂﬁh‘ t‘tr?l IQZ?Wl ch supplies the nixed
solution of the processing solution and the solvent tq the fjrst .pipe.
According to thelmpushagssist copHng aRpagadus, hOWREST; ‘%e Bt é‘ﬁ’t‘tl‘?rh%‘}éfn‘ilF hﬁg“‘ghe

i nsi de dianeter of the junction pipe, for exanple, which is_the fourth pipe
is set to béasmmd enpativaitysdnd liened mixing wringudficiensfin sorae easaer Whicp &z wofiser eby
the processing solution and the solvent can be m xed efficiently in the
juncti onspi pecoafssl with & aiikdd solfiiontie smehxadnsidficientonixidg stite, pruotessitngf
solution and the solvent to be supplied onto the substrate is m xed

suf fi ci ent! Yoo @ MmERESesE REhEIHRS bhiFhR oTaE WalcEmidiinadidcburkhe mi xed sol ution
so that a uniformfilmthickness can be obtained within the surface of the

Summary of the Invention

Statements of the invention may be found in claims 1, 8 and 11.
An object of the present invention is to provide a coating apparatus for

20  uniformly coating the surface of




?2p substrate. These objects and still other objects and advant ages 8& Me
present .invention wll becone apparent upon reading the foll ow Agd A
specificbtion when taken in conjunction with the acconpanyi ng draw ngs. 25
Brief Description of the Drawings FIG 1 is a plan view showing the entire
structure of a coating and devel opi ng processing systemof a g 1 AUG 200
- 5 semconductor wafer according to an erbodt ment of the pr esent
invention; FIG 2 is a front view showi ng the structure of the coating and
devel opi ng processing systemin FIG 1; 5 FIG 3 is a rear view show ng the

structure of the SeRdtPgENditeVe 601 HEiOh0SRERI BY 8YBEEMELNsbLGidn FIG 4
is a sectional view showing the entire structure of a resist coating unit

in the coating wintckevel gpbDiedr o6 eshéngubystate nahtiGa hix1AgFIG 5 is a
pl an view showi ng the entire structure of the resist coating unit in FIG
4; FIG 6 is a apparavushow ng the structure of a resist/thinner mxer in
the resist coating unit in FIG 4; 15 FIG 7 is a schematic enlarged view
of a region in the chArcbetAngnapp&raduswhifchhespaeseoti dnalentiiom showi ng a
junction pipe; FIG 8 is a diagram showi ng the structure of a devel opi ng
sol uti on/Svat er ¢PRRris@sa @Ieh@l@prnQOQOhQ%déegsangubﬁtt‘?tﬁl;Ga gozglg

di agram showi ng the structure of another resist/thinner mxer; FI.G |OA and
FIG 10B are di 59¥F af8PRAXANghdvRAESEhEOSPBELGR BF & RFAGSEF 1B IbEPHWEIFum

and valves in 25 FIG 6; FIG 11 is a_sectign Vi e howi ng _the structure
of o otatic mi@Rdif EHEVORL tOga1SuPERSR0RT. the PRESTIgheANd FHESTIon ar

front views eacy shoptng.a hapLe, PhaLeabatlifetbil) Gof ¥ppnfiFSerkt

mixed solution to the nozzle; a second pipe having a

10 . second inside diameter, for supplyingzthe processing
solution to the first pipe; a third pipe having a third
inside diameter, for supplying the solvent to the first
pipe; a fourth pipe which has a fourth inside diameter
smaller than all of the first inside diameter, the

15 second inside diameter, and the third inside diameter,
which is connected to the first pipe, the second pipe,
and the third pipe, to which the processing solution
and the solvent are supplied, and which supplies the
mixed solution of the processing solution and the

20 solvent to the first pipe.

A mixing apparatus of the present invention
comprises: a first pipe having a first inside diameter,
for discharging a mixed solution of a processing
solution and a solvent; a second pipe having a second

25 inside diameter, for supplying the processing solution
to the first pipe; a third pipe having a third inside

diameter, for supplying the solvent to the first pipe;



FIG 13 is a block diagram show ng the configuration of a control system of
the resist/thinner mxer in the enbodinent; FIG 14 is a diagran1§ﬁo '%6“”
the structure of a punp accordi ng to another enbodi ment of the present
i‘nvention; and FIG 15 is a diagram show ng the structure of a 10 check

val ve according to the aforesaid another enbodi nent. Detail ed Description
of the Preferred Enbodi nent Enbodinents‘of4the'present invention wll be
expl ai ned below with reference to the drawings. 15 FIG 1 to FIG 3 are

di agrams showing the entire structure of a coating and devel opi ng

processing SYSt£%éuPEha;E§§@1&Hﬂ@HCEQ£ yetstrtheigknatt giapetesred to as "a
wafer") in which a resist coating unit, an enbodi nent of the present

invention, is usedhlét GhdniglP0os phentyrew, iftk&le2diametéronthei ew, and
FIG 3 is arear view. This coating and devel opi ng processing system 1 has
a structure in sdreihd ainsasdet dbametaerpnaid@ the thapdf énsidg diphetelri,ty of,
for exanple, 25 wafers W25 as substrates to be processed per wafer
cassette CR aswhicimiis ¢onmecbedhtoothei flérsht pipeenthhesspgeondnpipe,
carrying the wafer Winto/out of the wafer cassette CR 3 1 AU G 2004 _ ~
_a processing andtte third phpeh tarwbichkthespspcprsdrgskpadgutiabns which
perform predeterm ned processing for the wafers Wone by one in a coating
and devel opi ng Prdcels 8PEveRhcREE FHPHLLEAp| andj whiacht SPPR4eLEr fed
positions, and apn interface unit 12 for receiving and,sending the wafer W
fromto an ali ghb¥ed ndPlvFLeRt PAt ERS BFBG?E%&“Qd?S&Bﬁ%OPOapﬂet focessi ng
station 11 are iniegral% ggnngcteg. Ln the cassette station 10, as shown
in FIG 1, a 10°ptYUFaki é € toFSexBMBFe, up to four wafer cassettes CR
are mounted in a ling_.n_ana _X-dir i i t - ma@ rection in
FIG 1) at the posit?8ﬁ8r§?“§ogPt?§%i%§°%F§F§€t%§%§°§%§%%n°§'Eggéette
mount i ng, 4 abl e Pe%,&fa LAFBREL LN ¥AECE nkf ABS HEAmBRELS offa¢hRI shacti®n
processihg station 11 side. wafer carrier 21 nmovable in the-direction of
arrangenent of %bﬁe?aféﬁt bRampiBe ¥hdbheski @Rk Fodrith phipediikeidtor of
arrangenment of the wafers housed in the cassette CR (a Z-direction, i.e., a
vertical directheongmseleetthehytle gassdacaeametereacl ehet behsaf @ripes,

cassettes CR The wafer carrier 21 is also structured to be rotatable in a
B -direction sowhsrébybehabpeotesgénhgasodssiba amdaltihgnsedivemt tcapAlbeM) and
an extension

mixed efficiently in the junction pipe. As a result,

15 the mixed solution of the processing solution and the
solvent to be supplied onto the substrate is mixed
sufficiently, and hence the substrate can be coated
with the mixed solution so that a uniform film
thickness can be obtained within the surface of the

20 substrate.

These objects and still other objects and
advantages of the present invention will become
apparent upon reading the following specification when

taken in conjunction with the accompanying drawings.

25 Brief Description of the Drawings

FIG. 1 is a plan view showing the entire structure

of a coating and developing processing system of a



unit (EXT) included in units staked in nultiple tiers 25 of a th?rdAUG 2004
processing unit group G3 on the processing station || side as w
described later. In the processing station 11, as shown in FIG 1, g1
AUG 2004 - 8 _ a vertical-transfer type main wafer transfer mechani sm 22
provided with a wafer transfer device is disposed, and around the main
waf er transfer mechanism 22, all processing untts are stacked in nultiple
tiers to 5 conpose one or a plurality of groups. As shown in FIG 3, the
mai n waf er transfer mechani sm 22 is provided with a wafer transfer device

46 which is freg gg?@p g@%: ey NeLti LA+t
Z-direction) |nS|d% a cy |ﬁ%r|ca I%ééﬁgggg% td éﬁ %ﬁéb%§$éﬂ rPgathe
supporter 49 i t esvd O foﬁotatlng shaft of a notor (not illustrated)
and rotated aréﬂ g tEe rotatlng Shaft integrally with the wafer transfer

device 46 by rotatioppg,dpi ysng fpbRe e&emehm&ag theesekaceurkhe maf er
transfer device 46 is 15 freely rotatable in the di rection.

I ncidental Iy, ttie Cd’cbétﬂﬂrlid}; C&hd SAPPELbBinddpreyebeialyr vgbuemndihorFaannagt
Wi th another rotating shaft (not illustrated) which is rotated by the

af oresai &g notor. TheryafeB fisaasteardeveweshbwhayg ahel stahicttyref o0 the ders
48 whi ch are novable in the forward and backward directions of a transfer
base 47, and reabatingtarddéeveboying pheceaséng\W\spetwaennt REGredpecti ve
processing units by using these holders 48. In this exanple, five
processing unit groupiGal4 25 &2secsioval sAewGBheminge esﬁ@§e§e Units
staked in nultiple tiers of the first and second processing unit groups Gl
and & are d|sp%%%@cﬁﬁr?h%ff?oﬁ?séﬁﬂeceﬁtﬁﬁgsunlﬁ IDABBeZGGQtan angy st em

(the | ower srde in 1). Units,staked in nul% e.tiers of the third
processi ng uni t3gY¥ E%gaPE°8?§ﬁb§8ds¥ﬁfﬁ@eﬁP g hé'cassette station 10.

Uni t t aked i | t f .the f. t t 5
01 sposedita) acont 1 oFLRe Py Fabbalnve o “hoRi R Hhe 2 tir's ddthnd’ 2CC
of the fifth prgfeéﬁ%nge$5§£ 95999n§5uﬁ§9 gﬁ g&&poied on the rear side. As

shown in FIG I'rst processing unit group , two spinner-type
processing units eacprgf §0;¥hLChiRgRAN %owl%@ett@rems&eﬁd@mree%% ng while

t he waf er
resist/thinner mixer in the resist coating unit in FIG.
4;

15 FIG. 7 is a schematic enlarged view of a region in
the circle A in FIG. 6, which is a sectional view
showing a junction pipe;

FIG. 8 is a diagram showing the structure of a
developing solution/water mixer in a developing

20 processing unit;

FIG. 9 is a diagram showing the structure of
another resist/thinner mixer;

FIG. 10A and FIG. 10B are diagrams each showing
the operation timing of a bellows pump and valves in

25 FIG. 6;

FIG. 11 is a sectional view showing the structure

of a static mixer in FIG. 6;



Wis mounted on a spin chuck within a cup CP, for exanple, a regi $AUGOAbY Ng
unit (COTI) and a devel opi ng processing unit (DEV) are stacked in two tiers
fromthd bottomin order. Also in the second processing unit 15 group &,
two spi nner-type processing units, for exanple, a resist coating unit (COT)
and a devel opi ng processing unit (DEV) are stacked in two tiers fromthe
bottomin order. It is preferable to dispo$e these resist coating units
(COr) at the lower tier since the 20 drainage of a resist solution is
troubl esome in ternms of both nechani sm and mai ntenance, but it is naturally
possible to dispose pham abat hEqUPPE! §hBM aRBPERBHEALELY A8 abRAYhEE ngAS
shown in FIG 3, in the third processing unit 25 group G3, oven-type
processing units wagm efpyhtehinether seapiedpiges NRAFREOCES$i Ng While the
wafer Wis nounted on a nounting table SP, for exanple, a cooling 81 AUG
Z004 - to wunit (COLyrwhi cB perhopmBckoaliaggapr stewinggthan adhesi on unit
(AD) which perfornms so-called hydrophobic processing for enhanci ng adhesi on
of a resist, ancehfijgaeationiof(ALcMtwblchyaktegneft hhewakeist/ thinher
extension unit (EXT), pre-baking units (PREBAKE) each of which perforns
baki ng processimixéref bnetkepesbrdipentessi ng, and post-baking units
(POBAKE) each of which perfornms baking processing after exposure processing
are stacked in ei ght FEGer $4f ignit Héapgsemomhowing dheestracsyren ofhé fourth
processing unit group 4, oven-type Erocessina_units, for exanple, a
cooling unit (CPAP afcexdéndi bA anathes| prgodamenteXfCEhpr, PERSERTensi on
unit (EXT), a copoling,unit éCCL), pre-baki ng units (PREBAKE), and
post - baki ng unif%vﬁﬁgﬁﬁkE)a fle 15 stacked in eight tiers fromthe bottomin
order. The aforesaid rangenent qf. the cooling unit and t
526 85 ERTeOD 2ARR. RAGMIGoh Hri i ea g

extensi on and coolin OM/pfbc ng

t t t i h - baki [ E), th
post - bakd g uni T30 PRLAREN3EA T Ro CRUILET ot COnrE LAABY CSeh havi ng a hi gh

processi ng tenpghpbdifept .t he upper tiers can reduce thernmal nutual
interference between units. Random arrangenent in nmultiple tiers is
natural |y suitable.pdbgiiBelieptaceighlibnldfi $heebraketrteds imposiisRnds 25 the
processing station IT in a depth direction (the X direction), but at a
smal | er size than thambodimenitdt bfdithecpresenk timarspdrdm i id Ipikekup
cassette CRand a 3 ~ AUG 2~1~ - 11 fixed-type buffer cassette BR are
stacked in two ekplsimedt helbwontitbf relierientcer tacehenidrad ngs .peri pher al
edge aligner 23 is disposed at the rear thereof, and a wafer carrier 24 is
provi dedl@t the cent EZGt-hdr &of FIS.THi argafddagyams ethonvingvde jentihee
X-direction and the Z-direction to get access to hoth the cassettes CR and
BR, and the per PhRBFRIRTEdRE & FEAREANI3aNTLdeNelOPidg PrOcesf ing fAvsgem

structured to by fotatgble baatiec? dhiesti QL0 5 GdR.% A% 10

“a wafer”) in which a resist coating unit, an
embodiment of the present invention, is used. FIG. 1 is

20 a plan view, FIG. 2 is a front view, and FIG. 3 is a
rear view.

This coating and developing processing system 1
has a structure in which a cassette station 10 for
transferring a plurality of, for example, 25 wafers W

25 as substrates to be processed per wafer cassette CR, as
a unit, from/to the outside into/from the system or

carrying the wafer W into/out of the wafer cassette CR,




10 unit (EXT) included in the units stacked in nmultiple tiers of id@ ﬂﬂrth
processing unit group &4 on the processing station 11 side and r
dellverw table (not illustrated) on the adjoining aligner side. Nbreover,
i-n the coating and devel opi ng processing 15 system 1, as descri bed above,
units stacked in nmultiple tiers of the fifth processing unit group G5 shown
by a broken line can be provided on the-redr stde of the main wafer
transfer mechani sm 22. The units stacked in nmultiple tiers of the fifth
processing unit group Go 20 can shift along guide rails 25 sideways as seen

fromthe main W?ﬁ%?%%%ﬁ%ﬁ@;sﬁﬁﬁf$ﬂifg‘Eﬁ-wﬁEEHrQBEQEMS EY@QSWQ@” the units

stacked in nmulti processi ng section are provided

as illustrated, /P8¢ end Suﬁfﬁé”ﬁﬁ'l?ﬂ ﬁékébfﬂ %b@ﬁ};ebeﬁgnéaeggabesﬁ&a@ S 25

25, so that nalntenance Operations tor the nai er transf ani'sm 22

can be easily Pﬁ&fOﬁm@dwéféﬁétﬁeohéckytBﬁéeﬂﬁ a|86b€§ﬂgahhm dé&ei@blhﬁe
units stacked in 31 AUG Z~~, - 12 nmultiple tiers of the fif

processing unit gw@mwscﬁteasﬁ@@kedfﬂn mhﬁtﬂplétﬁméﬁéeaeppkéﬂeeﬁimﬁﬁédthe
mai n waf er transfer mechani sm 22 can be secured easily not only by such

| i near slg di ng poditabowng &dhé gni dpteafbse2bnhtt 13 &bsorbyedotiayi anadl shift
to the outside of the systemas indicated by the reciprocating rotational
moti on arrow sheemdbyg atk@avafernd EnoRf® an Aksignerhénpsgsi st coating unit
(CaT) in this enbodinent will be explained. FIG 4 and FIG 5 are a 10
schematic sectibhltstrahedhdrrovidedntfidappah tPelhehpPRgSERaTentire
structure of the resist_coating unit icoT An annular cup CP is provided
inthe mddle oﬁt%%hp?e%is§r€oéPFﬁ§rﬁ Ly ?QEW?Ct§Hd a spin chuck 52 is 15

| aced de th CP, Th h tational ly d b
G [ve ot or 54 uhi | oTR kg aRBPBF R AL 198 4P WAy PRt A ok« Tho

drive notor 54 | Ce as _to b cendabl e nd des endable ough an
openlngléba prd%f%gdf} i a gﬁl Oﬁagég%PiFé BB, QO% nd coupfégafo %tF§|S|ng

and | owering dréye, 50 ABdneeacinl 291200 LAYER RUaIVLAR 62, (hor aexpnl o

conposed of air cy or exanple, via a cap- shape flange

exanpl e, made ofoabhsHEHHM i felt X6 §H|F&G0nlwoé%|%h%6 b2 t3eRR! WMy a m xed
25 solution of a resist solution as a processing sol UFIOH and a thinner as

a solvent to theosut{iesengf ptbgevnions\Voa baMavabkgetteambrmttiog he tip of
a m xed solution 3 1 AUG 200
table 20 with respective wafer transfer ports facing
15 the processing station 11 side. A wafer carrier 21
movable in the direction of arrangement of the
cassettes (the X-direction) and in the direction of
arrangement of the wafers housed in the cassette CR (a
Z-direction, i.e., a vertical direction) selectively
20 gets access to each of the wafer cassettes CR.

The wafer carrier 21 is also structured to be
rotatable in a 8-direction so as to be able to get
access to an alignment unit (ALIM) and an extension
unit (EXT) included in units staked in multiple tiers

25 of a third processing unit group G3 on the processing

station 11 side as will be described later.

In the processing station 11, as shown in FIG. 1,



: 13 nozzle scan arm 92 with a nozzle hol der 100 therebetween. gﬁiiugb&ﬁd
solution nozzle scan arm92 is attached to the upper end of a verltica
support )96 which is horizontally novable on guide rails 94 laid in 5 one
direction (the Y-direction) on the unit base plate 50, and noves in the
Y-direction integrally with the vertical s%pport 96 by a Y-direction drive
mechani smnot illustrated. The mi xed solution Tozzle scan arm92 is al so 10
novable in the X-direction perpendicular to the Y direction in order to
selectively attach the m xed solution nozzle 86 thereto at a m xed sol ution
nozzl e waiting Pogétt HDaPOrrandf8PVeFpeMmbNE WadereerhABfby MBcKadikbaCcti on
drive nmechanismnot illustrated. At t%e 15 m xed sol ution nozzle waiting
position 90, a 2% sghevideqonithfathefarxedansfati aaviiozzlie 8hspssedsert ed
into a hole 90a of a solvent atnosphere chanber and exposed to a sol vent

at nospher e t heramnd, anrenébyhéhmeaimxedfenl tranafaer mkehanpsof 22headdzzl e
does not solidify nor 20 deteriorate. Mreover, a plurality of m xed

sol ution nozzl epr@Gesgbng unatpravedetackad ansumildbpéensiglre t9 chosen out
of these according to the type and viscosity of the resist solution.

Mor eover ,5 a t hi APRPOPOzONe @D1afbtusappLyi 8§ dre8pPehi nner, for exanple, to
the surface of the wafer before the supply of the resist solution to the
surface of the waf er2FsSBPWRCRBIFLE -t He F%E a8 WeLsre tAGNEEer 3 1 AUG Z-

- 14 100) of the m xed tion nozzl C arm 92. A vertical ort 122
whi ch Suppor t s BEPRAAES R33! 45BNV SARR196CHnE ey KEREoTRE HEVLCE

Y-direction, as |l .as the_vertical su t 96 ich supparts the 5 m xed
sol ution nozzIe4§§ghl%$n%§2FrF§i§r8§F8 §B§ etHnggFﬁge éﬁ@§e94. A rinse
nozzl e 124 for side.Ll i s.attached. ] i fi sthis ki | e scan
arm 120. The riiégeﬁgégig é%gnkggn?igbkgﬁgggﬁé ?P%ég%nSZE éq%?ﬁqgﬁéinnved
tran5|at1@na||ySQﬁpbk@@?rhy.bﬁfvﬁﬁg%ﬁiﬂdﬁféaios1 Sleetaibi DY BBAKELCRJ(2

position shown by a full [|ine is set by the side of the cup CP and a

rinse sol ution €gbsghapfethpagi thaft(afpasimbiter ghewn iV ustdellerrd ldme) which
is set directly above the periphery of the wafer Wplaced on the spin chuck
52. 15 The m xetlosatedli aponndzkbhe8botattagnenudd tintagradilst Miihnndre m xer
70 provided inside a | ower chanber of the resist coating unit (COI) via a
m xed sol uti on wapprytpapefes. dewiret 6 byt abtetdbnieie drdsiisty thanwerofhi xer
w [l 20 be given. As shown in FIGS. 4 and 6, the resist/thinner mxer 70

i ncl udes a resithet@akori fBreretpreg thecdatersbranséar devharandl t&nk for

"storing, for exanple, a thinner as a solvent, the m xed sol utiaon supplg

pi pe 88 ¥or supbF9ehy EohPkaRlgofint the G-dHeeteiPrt SAIGkdeHally, th

cylindrical supporter 49 may be structured to connect
with another rotating shaft (not illustrated) which is
rotated by the aforesaid motor.
The wafer transfer device 46 has a plurality of
20 holders 48 which are movable in the forward and
backward directions of a transfer base 47, and realizes
the delivery of the wafer W between the respective
processing units by using these holders 48.
In this example, five processing unit groups Gl,
25 G2, G3, G4, and G5 can be disposed. Units staked in
multiple tiers of the first and second processing unit

groups Gl and G2 are disposed on the front side of this




25 and the thinner to the m xed sol ution nozzle 86, a resist solu Hon G 2004
supply pipe 97 for supplying the resist solution to the m xed sol tiéH
supply pipe 88, a $ ~ AUG 2004 - 15 thinner supply pipe 98 which is a
sol vent supply pipe for supplying the thinner to the m xed sol ution supply
pi pe 88, a junction pipe 75, which is |ocated at the junction of the resist
sol ution supply pipe 97 and the 5 thinnér éhppTy pi pe 98, for mxing the
resist solution and the thinner and supplying this m xed solution to the
m xed sol ution supply pipe 88, a resist bellows punp 73 for sucking up the
resist sol utlOnsyéltédaegitﬁélﬁéwéanglaé aAdriralrogucingitd $€deed henresist 10
sol ution supply pipe 9 a thinner bellows punp 74 for sucking up the
thinner in the miivhelet 8érd2oandhenthodacprgcebsingouhiie ghbapes3supply
pi pe 98, and a static mxer 76 for stirring and m xi ng again the m xed
solution of thearesdispssédtadiaaadtthe thennessehtehstathan passednibe
junction pipe 75. It further includes a sensor 99 which neasures the
concentration oftakedninemutbipleohipassefigthkefpiuxtsl pobgeseanguppliy pi pe
88, and a controller 77 which perforns such control that the concentration
of the mi%ed so¥x@ewpnGt @dchabisporedradifacent el Homcthternfaon. urke 1a‘%ﬂsor
99 can neasure the concentration of the m xed salution, for exanple,
irradiating a IV@h?swﬁ?ﬁkﬁdthemEﬁﬁﬁﬁletBlﬁﬁ?cﬁftﬁ@er§§¢§P P§°ﬁ8€sé%§bsed
to the m xed solutjon and apal t he tra d | i The aforesaid
pi pes 25 such a%PthedFeuBebri ¢ nsEgpﬁ}sBPﬁé Qﬁd fre ™ gﬁc?ﬂgﬁ *pi pe are

formed, for exanple, out of Teflgggtu es. §I corrosi.on resistance.

The junction pi pe i AS §howR &n, 161na P 165Fré§65ﬁ3%ﬁ?%<¥qﬁ¥
junction of the %8&{) §;150£HB' Bglﬁp@#ﬁ!ﬂgpkhhﬁ}gﬁ%ss%% lutn]lllt§: SO bgd that

the inside di angterfof {hé pi p ctron is’sm an those of
the otheyq pi pesy,RYch ﬁérgbﬁﬂe F?@détéﬂn‘ih'eﬁn pHoRRlsY ﬂgp%rhltﬂée theShilfer

sol ution supply pi pe, hi nner supply pi pe. Mreover, these pipes,

for exanple, thg jynabhABel BA, at Bpill ¥BHckOWILhAM &umlpycm PEort he resi st
sol ution supply pipe, and the thinner supply pipe can be manuf act ur ed by

separately prepaxampglé) aheseiptpesatidgwanditng CoOmgmanaget idvelbpangesi st
tank 71 and the thinner tank 72 are provided outside the coating and
devel opi ng procpsscagssingt enit @#P8Vooamecistdcked Ha rem stieys fidoon i | ows
punp 73 and the solvent bellows punp 74 via pipes 78a 15 and 78b which | ead
to the inside apdtbomsigeosflerhe AYs0ecim the 8ecPddspPpaApssIBIanBiitd suck
up and the resist solution and the solvent fromthe tanks 71 and 72
respectil®ly angr@nBcHar gEWPhERLBRELNEYRR PFOCHFSANG 28 ¢St f8&% i on noti on
of each bel | ows- shag d exten5|ble and .contractibl e fl%?%lﬂ e, tuhe. As shown

in FIG 10A, fofXa® FRS&A teKPEN N dSOT) |ae>8%"i QR 102, a
sphere 104 for oggglggase g%g%SkB%V% %%%t|%%4§%§ ;p%dg gwg%}éhgramm

in such a direcPron he ‘suct’i on por IS opene

si mul taneously BopBRr ¢nlB04bar OpENigg BgeEhBib”Qoad%iBE%r ¥pcRYt 105 of

each punp is drawn In suc irection
resist coating units (COT) at the lower tier since the

20 drainage of a resist solution is troublesome in terms
of both mechanism and maintenance, but it is naturally
possible to dispose them at the upper tier
appropriately as required.

As.shown in FIG. 3, in the third processing unit

25 group G3, oven-type processing units each of which
performs predetermined processing while the wafer W is

mounted on a mounting table SP, for example, a cooling



3 1 AUG 2004 - 17 discharge port 105 is cl osed, whereby the resisb
solution and the thinner to the anount corresponding to the extens dhAHﬁ@m4
contractlion stroke of the flexible tube 102 in the respective punps are
sucked up. 5 Contrary to this, in a conpression process of the flexible
tube 102, as shown in FIG 10B, the sphere, 104 is drawn in such a direction
that the suction port 103 is closed, and st | taneously the sphere 106 is
drawn in such a direction that the discharge port 105 is 10 opened, whereby
the resist solution and the thinner in the respective punps are di scharged.
A chuck val ve ignst redily egh fsh dgestbprsd é‘_@@YErlngﬁoEégéiHb? hybe 102 is
driven to advance or retreat by an air cylinder 107, and can regul ate each
15 of supply araundsi®d GMetr esb stwhotHt penfapfst se-thilnear nhhyrophbbtical |y
limting a novabl e range of a piston inside the cylinder through the use of
alimter. In theosesd mdgyfof eardnoinghadhesionsopuapsegdsandand, a |ight
transm ssion sensor, conposed of a light 20 emtting elenent 108 and a

| i ght-receivi ngaklgmeent 1009t f OALTOM) eshioh ahégasrihel waferhW,f hexi bl e t ube
102 at an end point of the conpression process (discharge process) and
outputtirfg a deextensiosignat {(BETeof pre-bhkingnunatbe( PREBAKEPpoSadhat a
fixed position. 25 As shown in FIG 6, the junction pipe 75 is connected to
the mixed sol ut?brivkiphpl pepfpemggbakhngr pspgessandt PBACEGpERPOFIEE 97, and
t he thinner supply 3.~ AUG 200 - 18 ipe 98. FIG 7.is an %nl%rged Vi ew
of the circle APF?F?#%%“%!f%?deRﬁﬁﬁrHPhgnﬂthPﬁ§i&§O§A§§ét89§ oP*t he

[ [ .. Th 1 xed I I ' [ lindrical, 5 f
Cxanpl o, wi Lh ST RE EoBRS: BAk BRI 6B PR RE Boar EE e GRBEPB s ppl y pi pe
97 i lindrical. for. | it h.an insi I t f
Chi nner” supply B pecSk T4 BpF Rif A I, PLaHE, SHEEE, gl BBt | oo

f 6 The j t [ 75 i t L odr i eal ith
nsi do i Dot o1 51 DS A D, B i cahey R aT o abry 86 AEOPR S

i nsi de met er ™ of nm and nore pr r mm

and as shown i nofbfatypel pPobBesdRgdLARNRES! fb eMBhpEE,! Iaa@_obhqslg fnifthe
m xed sol ution supply pipe 88, the'resist solution supply pipe 97, and the

thinner supply pcge)98anléxferisighnghy, cbbeinhi angt qEUATCOE )resinst sol ution
which flow into the junction pipe 75 are mxed in the junction pipe 75 and
flow out to theextarsisnl uhiton(BHDpl,yapcpel88g umditdgdodl)l,y prie~Hatkainogsi de
di anmeter of the junction pipe 75 is smaller than 0.2 nm a pressure 20 | oss
on the punp si denbeso(BREBAKE )|, argd, pasti-bhkiing unditde (FOBMIEIr agfe t he
junction pipe 75 is larger than 0.5 mm_ the effects praoduced by m xing the
t hi nner Bhd t hestecked #B| gipbh thAerEe frefctihen beityeM7 3 e &FAF3t- be
expected. Mreover, especially in this enbodinent, the 25 resist, solution

supply pipe 97, the FUﬁpP?Bﬁeﬁf“&@ %,raé’ﬁ(?“teﬁ’é: rﬂ&&]‘es&cm]iw s‘Ub’p"ry pi pe 88
AR R I R R R N St e A
having a low processing temperature at the lower tiers
and the pre-baking unit (PREBAKE), the post-baking unit
20 (POBAKE), and the adhesion unit (AD) each having a high
processing temperature at the upper tiers can reduce
thermal mutual interference between units. Random
arrangement in multiple tiers is naturally suitable.
The interface unit 12 is set at the same size as
25 the processing station 11 in a depth direction (the X-
direction), but at a smaller size than that in a width

direction. A transportable pickup cassette CR and a



the ratio of the resist solution to the thinner to be supplied t {h@gnﬁned
solutiongsupply pi pe 88 is about three to one, the aforesaid conrection
enabl es snmooth 5 supply of the m xed solution w thout putting too nmuch of a
burden on each of the punps. The m xed sol ution which has flowed out to the
m xed sol ution supply pipe 88 is m xed agaLQ in a static mxer 76, and
supplied to the m xed solution 10 supply nozzl & 86 through the m xed

sol ution supply pipe 88. Since the resist solution and the thinner are

m xed in advance prior to mxing by the static mxer 76, it is possible to

shorten the |lengife@ityhe Stbfes Faxeec¥E BRI ReVithcReqdenctifedibaker and
t hereby downsize 15 the entire unit. A m xing degree of the resist solution

and the thinneragaghdefirompt ovedehy patérahty 6hatging hhgerphéeadi anet er
of the junction pipe 75 according to the type of a solution which passes

t he pipe, propesdye depiymieng2d®nish@ispssedi &y 8hd tkaw thteeof, 28ndaah of
sol utions such as the resist solution and the thinner which pass the pipe.
As shown in Fl Gvafldr ¢hersent24 isxprovbded strtubeucedtby &heargifng a
plurality of, for exanple, 74 baffle plates in nmultiple stages in a
cylindricdal pipgehPs waterfoarekanplé, movde oh BWS. XAdirhowmonnaRfGthe2,
each baffle plate 117 is fornmed by tw sting one side of a square plate by
90 degrees to t#ediTgPEioR FRedebfaccess toabethobhe- cagsertes €RAa8Hows a
baffle plate twisted to the left, while FIG _12B shows a baffle plate
twisted to the PRghand hheneepipheral 8AIenaligRerc2aixeFNeeakekh baffl e
plates 117 twisted to t left.and the right are 5 arran al,terpate|ly. By
the aforesaid a??%ﬁb%ﬁegf ¥ #hEChd FPB£B?§geg°I??,rPﬁétagigdlgoFSFi N of
the resist sol utj t i pper ich.is introduc in tatic

m xer 76 flows %%??%gg%%nggnégi gf?oﬁgtggﬁ °r %Figﬁ %ggnf%?ﬁhgggé | eft and
left to y4 ght t e 3 ef.ficke Syl BLe ixed, and
then f1 o out TECi CarbrereBfael i PR her e st rpuiarT™
cylindrical pipeidfa &f the sbatth gkaseész@neeun&er gP%aPPGE. ohnthige range
of 2 Mmto 8 mMmwhich is equal to 15 that of "a tube™for connection. If the
i nsi de di anet erppbcébeiny! sodtionl 1pi pedébantsaswalteer dehanetripe tabaresai d
range, the possibility that the pipe is clogged up increases. Contrary to
this, if it is {motnuthustrgeed)tbe ahsuatjofintthg adligneanstidebe di sposed
20 of increases when the viscosity and type of the resist solution are
changed, whereby t heMarebveati an &hei cretdings andd develegiisg golagtessinghd
the thinner lower. Incidentally, in this static mxer 76, the inner surface
of the pipe andSYFkeBulfade deschabpdf pbevplataizs stackiedh iphmeH tipd e
resist/thinner nxed sglution IS _brought into cqontact are coated with a

corrosion resi sti®¥S{PFnFREchILERaPFRFPER1BGatiPAg, IXONPMGRLEROWE DY AUG
2004 - 21 | ated fil .a TiC fil Tuf ted fil. i.te ALM TE
or the Iike ASSERbRR Hfereangbe ReByidphoOR, SbE" 8 sifle B8 HH ST ant <o
that the domstr[\)gﬁr} \gbggr' ﬁrQﬁ?SE &e&ﬁ%ﬁi%ﬁ-: Z'éESt'gﬁggEﬁ'tiﬂE' sk8ckBa shatic

m xer 76, many at €s provi rein € passage of air,

whi ch causes tnﬁu_pefﬁiéeegislrgf ost gaaa@&f%hr pr§%%@s%§g%gqn&gt t'ﬂo@a_@es a

drop in the stirring capa ity of the resist soluti e thinner. For

this reaspn, 10cin &histeaPeryMBlidet PEi3kabisC sipeRiayEd dsS slaacad-gis! ant or
vertically so that the downstream side is higher, whéreby air which enters

the static m xethdbmabiewatort feadevast nealasiide 2. t AcevwrdRugy§nCevand
beconmes easy to discharge fromthe m xed sol ution
when the units stacked in multiple tiers of the fifth
processing section G5 are provided as illustrated, a
space is secured by sliding them along the guide rails
25 25, so that maintenance operations for the main wafer

transfer mechanism 22 can be easily performed from the

back thereof. Incidentally, as for the units stacked in



15 nozzle 86. As a result, the occurrence of stagnant air is prevgqtﬁﬁhqﬂﬁ
a fixed stirring capablllty can be maintained. Incidentally, it can be
confirnmed that stagnant air does not occur if the angle of inclination of
the static mxer 76 is 20 or nore. 20 Next, the configuration of a control
systemof this resist/thinner m xer wll ﬁ explained. FIG 13 is a block
di agram show ng the configuration of t fe coftr ol system The controller 77
which is situated downstream of 25 the static mxer 76 controls the

di scharge anounts of the resist solution and the thinner to be discharged
fromthe bell owsptipse 78iars df BREOF UEtH bPodedEshiednit3gtodpCaBO04 - 22
concentration of the m xed solution, and al so neasures the concentration of
the m xed sol utsméuwtlemetmaih%mned Spevatoonsuppkythezmhen8Gaded
controls the discharge anounts of the resist solution and thinner to 5 be
di scharged fronttarsbel |meshanigs 73 ean B4 basedednetbélyeastir emdgt byAs
showmn in FIG 13, the controller 77 controls the respective bell ows punps
73 and 74 by cosuchllimgannskiétngosnfhealeongathe foridepeniing ahdbultosi ng a
main air valve 132 which is connected to an 10 air supply source. Nanely,
air cylirfders vinleh @Viv@tﬂhéob@ll6h$fbuhﬁsths angsder eSp&bei vyFFelr e
connected to the air p source via the main air valve 132, and the
bel | ows punps 7@§ah@dyqag?% By vha Fﬁ?é@FﬁFP?lﬁﬁ sAtatAioRaAt FEioR air
supply to the respective air 15 ¢ Mor egver, the controller 77 has

the function of2HF¥ ngRLFYBY s2 |ﬁg?&atiﬁﬂecbﬁtFSPIea *variabl es according to

tt de b t to_t fl t h 133 d
134 which are 20 pr oVeiEa EBPr EERUREI G TS enenad NORE pdMbe a3 and 74,
Si nce the disch %& ?fﬂgH@tﬁlf bH”E&BQQEBer tpfcbeAlg Pfaps 7§ré”9 4

are determ ned e spee I'n a resi st

cyl i ndery 4072 a5ghn 20LYeBEcDebhRYSRUIPaRL' acxhhaﬂ%rueomant B schar ge

25 anounts per unit our  ows punps 73 and 74 cCan be controlled

by increasing ogh&Reh aﬁhé@leﬁtiré' svrhiataset 8rbeheUpRiiied cdatthe@iunit
cylinders 107a and 107b 3 AUG ~4 - 23 fromthe air supply source. The

af oresai d contrptopf.the dlscharge amounts per unit hour of the bellows
punps 73 and 74 nakes it possible to freely set the mxing ratio of the
resist solution to ths ahnnher, capdCP henpeotvheed seodinte mifddle afedilst
solution to be supplied to the wafer Wcan be sel ected. Wien the
concentration ofeshetnpeetingl unibn(f9Theadtfed BPitheheksS2 9% and t he
concentration of _the m xed solution is stabilized, the m xed, ,solution is
appli ed ¥d the RbacedfkReide the GHPeFPw Thei ERARaFNyCk: fd é8ncentrati on

of he mxed sol ULl o012, 523U 84, by, MEagu A0 e eLEeLALG Fapagl ey, of the

holding the wafer W by vacuum suction. The drive motor
54 is placed so as to be ascendable and descendable
through an opening 50a provided in a unit base plate 50,
20 and coupled to a raising and lowering drive 60 and a
raising and lowering guide 62, for example, composed of
air cylinders, for example, via a cap-shaped flange 58,
for example, made of aluminum.
A mixed solution nozzle 86 for supplying a mixed
25 solution of a resist solution as a processing solution
and a thinner as a solvent to the surface of the wafer

W is removably attached to the tip of a mixed solution



Moreover, the controller 77 perfornms such control that the nmain @it AUgl 2084
132 is closed and the air 15 cylinders 107a and 107b are switched to an
OFF- st atle based on a first i nputted detection signal out of outputs from
each of two light transm ssion sensors 135 and 136 which detect end points
of discharge processes of the respective bellow punps 73 and 74. 20 Next,
the operation of the aforesaid resist/thinh®r mxer will be explained. The
operator previously gives data for setting the viscosity of the resist
solution to be supplied to the wafer Wto the controller 77. If a

correspondence %g?&ﬁezgcgé 59& g&s&géhtg gézggg é§§?%g Egbution and t he

stroke speeds (drscharge anounts per unit hour el'l ows punps 73 and

74 is provided £ne£@@%69@éﬁp" id iy soﬂéimgd%%)]éé m%iéaneéﬁﬂpé?’iéhe

vi segosity can be set by directly 1 nputting nuneric ch indicate a

viscosity desirggchynédecopenat @ppethenguepl ¥ 28PHAEAf stppoi-@siost / t hi nner
m xed solution in each cycle can Ee set artificially by 5 regul ating

novabl e ranges whi¢heipi BbpRgohtalle Mbvabyki Bdegaide7aaand dQ7hafiar in
driving the bellows punps 73 and 74 by neans of the limters or can be set
automati cal | y byneodiretthbynmeahe pidihectdoh)obhetheWheadtt baseopllatld er 77
gets the data for setting 10 the viscosity of the resist solution fromthe
operator, for eXx@pphed mbeesomnr bhee¥-direetdsnountegraldy whidh the
correspondi ng stroke speeds of the bellows punps 73 and 74 fromthe
correspondence vabtiécahdsygppertsi §haby andi-darengicondirdviecteghaindisives
corresponding to 15 desired stroke speeds to the two air flow rate control
mechani sms 133 BAE EF3hupbratsftrol ling the driving of the air cylinders

107a and 107b of the Belloms pungs 73 and 73. Thus, stroke speeds, that is,
di scharge anounts peFREnPEXRGUFOSHLERE PRZEEE: SFATHEATM Sf3 and 74

20 are s 6 in order io obt Ln gesirgd vi scosity .of .the re%ﬁst ol uti on.

After t ) compl BPVBRIGs RhEngs B daheGElen; PREPePiCUdAt, 50 &% ¥ act uat es

the el ectromagngti.c yaLye; OOEQ 5 £BesERER+ 61V 0 8 atR2 thd QRSRRH- BY
pening the 25 nairn air valve , air is supplired to the air cylinders

0 ;i 1Ved 29

107a and 107b ofoifieiBR! heve1BUABSthdraRd 44 &I m&t«aﬁegemawplr%zsz% ce.
Ther eby, the resi st 3 1 AUG 20(14 - 25 solution and the thinner, which

are sucked up i photihg peklewsnPuipsakd MBYessd i eMet ke diedcttidmmMy Gh and
the thinner tank 72 respectively, join in the junction pipe 75, and they

are m xed and i Rtaodecedlonnigivvbemetabndsih AoxernliGstHaa erixedtsehetion is
stirred and mixed in this static m xer 76 and passes through the m xed
sol uti onlSuppl ympkpe 88luthenconeeder whiitnngf polsd triove® Osolautd imThzassd ng
through the m xed solution supply pipe 88 is neasured by the sensor 99, and
when t he port of the mixed solution nozzle 86 is inserted into a
hole 90a of a solvent atmosphere chamber and exposed to
a solvent atmosphere therein, whereby the mixed
solution at the tip of the nozzle does not solidify nor
20 deteriorate. Moreover, a plurality of mixed solution
nozzles 86, 86, °** are provided, and a suitable nozzle
is chosen out of these according to the type and
viscosity of the resist solution.
Moreover, a thinner nozzle 101 for supplying a
25 thinner, for example, to the surface of the wafer

before the supply of the resist solution to the surface

of the wafer is attached to the tip (the nozzle holder



10 controller 77 judges that the nmeasured concentration-is a de?i-[q@svzrbbye,
the m xed solution is discharged to the surface of the wafer Wfromthe

ni xed sol ution nozzle 86. Meanwhile, when it is j udged that a val ue
measured by the sensor 99 is not the desired value, the 15 di scharge
amounts of the resist solution and the thinner are controlled based on the
measured val ue by the controller 77 in-ordé# to obtain a desired
concentration. The m xed solution nozzle 86 stands by at the m xed sol ution
nozzl e waiting position 90, and 20 the m xed solution is discharged until
its concentrati eagh t si.red ncentratign, Wien i,t,s concentration
reaches the des?@%& %gnggﬁtgg ggn?OEH%gﬁnga%ég%ugFSH ﬁSQZP *86 noves to a
position above the f A i g t he .mi x |t Qn _t. he 25
surface of the maferﬁv§é§¥é%g€hghﬁgg%% ??éngﬁﬁgki§§P§§%§%r%1§§%€% 136
detects the arrhUﬁ&les@hﬁhgfmoi2bhgnéehkomﬁvgﬂﬁgsgﬁ3the9YldéFgFgggﬁ,' 26

and 74 at the end point of the discharge process, e control

actuates the el ggtyemnoast thevabyeiba1ckappolrheogBiAiah supp¥eti32neBy
closing the main air valve 132, the conpression (discharge) operation of 5
each of the belmbdwsdpsopatidnandzziel scaanpkt 6d, aBdpibe idedcens thiaen
advances to the extension (suction) process by elasticity restoring force
of the flexibl egtihe #821sThds, A heissephyzonieth24 resrssidel ninga ie the
wafer Wis conpleted. 10 As descri bed above, according to this enbodi nent,
it is possible abtackedr ot hber tspsvfsthasi onnget hoazdesisca wirscdiot.y by
stirring and mxing the resist solution and the thinner in a desired ratio
and supply it tBheheingaeepowzae spant pd d£0t Radstppel yiose mezeder didst to
the wafer W Further, the controller can neasure the concentration of the
ni xed sol ution ah8 Re¥efoFreRelarienatdy arodAnsasilyt hetwesns@ Idn$S on and

the thi r so that.the desired concentration.can be_obt ai ned, reby the
mixed SOt i on WPEALS KREERRE DBSCOMEBn! RaPPBitaqR BEOUHRY G Tt he waf of

Wand a coatin i 1 a.desired thickness can,bhe abtained efficientl
Furt her nor e, tﬂ%iéég}ﬁbigglﬁ?i%ﬁ£agg Fhé Fﬁ?ﬁngi P& SHBVISuEN A xed iny
the junction pi f b Xing s S I: ¢ .l Xer, . e e

| engt h of the S?g??g %é;g?lég gégxgéggﬁobﬁgﬁgéghagg §§ﬁ§§g§%h3%§ﬁﬁhé%§ntire

unit can be dowasjgedeqdMpigayewhikhe jkegkest a3kelion adRdd hd hinner are
m xed 3 1. AU G 2004 _ 27 _ adequately, whereby fhe thickness of a

coating film appéieghenyt be vhkewaVerswnpdacea bar he i drckursace of
the wafer W Al t hough t%e structure of supply of the resist 5 solution and
the thinter is expl aThedmixed sbdutdsinsthozedtd B UE tcdMieltead tdie exanpl e
thereof in the aforesaid enbodinent, this structure can be applied to the
devel opi ng uni tr¢9ESS /thonnexampker Aldpreivddiedy inslidte en/heatesr aliamdren n
the developing unit (DEV) will 10 be expl ained bel ow by neans of FIG 8.
This mixer has @fnbBe rREiSknEo3tinst yrdtadCOMY Vési ¢t mimath&olubdanin the
resi st coating unit §CIH%, ﬁut differs therefromonly in the type of

sol uti ons st or eBUPRLY aRkB®aff t he use of mass-flow controllers in place of

the bellows 15 punpsNOW, the details of the resist/thinner mixer will

20 be given. As shown in FIGS. 4 and 6, the resist/thinner
mixer 70 includes a resist tank 71 for storing a resist
solution, a thinner tank for storing, for example, a
thinner as a solvent, the mixed solution supply pipe 88
for supplying a mixed solution of the resist solution

25 and the thinner to the mixed solution nozzle 86, a
resist solution supply pipe 97 for supplying the resist

solution to the mixed solution supply pipe 88, a



In the developing unit (DEV), a devel oping solution is used as a%qrﬁﬁﬁgmlng
solution, and water is used as a solvent. As shown in FIG 8, th

devel opilng sol ution/water mixer includes a devel oping solution 20 tank 171
for storing a devel oping solution, a water tank 172 for storing water, a

m xed sol ution supply pipe 88 for supplying a m xed solution of the
devel opi ng solution and the water to a-m x&28 sol uti on nozzle 186, a

devel opi ng sol ution supply pipe 197 for 25 supplying the devel opi ng
solution to the m xed solution supply pipe 188, a water supply pipe 198 for

suppl ying the ], X ohytion suppl ] 8 3 UG 2Qp;
- 28 junctionw€$€ép%€5%@§ﬂ?¥hsggél%ga%ggcgtgghé Fh%g?%gnsggpgﬁepégéeloping
sol ution supplyepi P&y the ¥RiRhePURB! ¥nBi RExd88sol Al 1BNXisRgpl

devel opi ng so!u%?%n a%@f¥ﬁ§gmater ang gupplying tﬁrs_nfged éoluti%ﬁ o the
5 mxed sol utiopisepPsy R pendBBonapdpuehopi Raisnl wki eBcERSE- GltOWhe
controller 173, for exanple, as a fFom/rate controller for controlling the
anount of the deyetepbRgosotnéi pastietbeol akednoslippflyt bepdewdgl apidnghe
solution tank 171 and introducing the devel oping solution into 10 the
devel opi g sol uthDineupphypbyppip@798a Beremindag thewresidsrtolsidutlidh for
exanple, as a flowrate controller for controlling the anount of the water
to be taken outand the thfipnetraakdl@fppigingt tbdecmigetheolattdon oo t he
wat er supply pipe 198, a static mixer 15 176 as a mixer for stirring and

m xi ng agai n t heheiméxedosalinbhonf subplyepdbepBfy golresieh Hed lows wat er

whi ch has passed the %unction Eipe 175. It further includes a sensor 199
whi ch neasur es PWBP cHAcEREr GUFbANEf UPhEhRi ¥88186 §OLYH19BsditndNehe ni xed
sol ution supply pipe 20 188, and a.controller 177 which, perforng such
control that thﬁgﬁgﬁEeﬁ?P§t?6naBﬂ ERETRAREAN oMbt O Q@hé?%ég%

pr edet er mi ned congﬁﬁtration. The . nmas -fIOM/%pntroI ens | 73 and %%ﬂiﬁﬁ? flow

rate con oLIer§° ﬁﬁnaﬁPBRﬁYiEépﬁy§gup8I§ %H@eéeyEIOSWFgfnghtion and t he
25 water. Thanksbg;sychodibl URiHREy 90 bR QRAAHEI" 1ahK o Sitpply of the

devel opi ng sol utron e waf er ~w, possible to
stivoand mx thendeyghophgosieOuHtbORnANniARIALRLIIY BifRSIIEd diid I 1O
make a devel oping solution with a desired concentration and supply it to
the wafer W Fugtheic hixk® Pesgbkl etfietihle ag@ninidingy a%yalih rERsuiisdde
concentration of the m xed solution and control the discharge anmounts of

t he devel opi ng selution afdthberwatietr selatibh abidaithen tdeidinead which
concentration, whereby the m xed solution with a precise concentration can
be suppll®d to hhs passedWh&0jEocthennpipe FiSncelthéudehelopinggdusielsut on
and the water are previously mxed in the junction pipe before m xing by
the static nixepenger PPewhapht megsumies $hs cONFeNdTr e Af HhaHbk¥ethed,
and consequently the entire unit can he downsi zed. Moreaqver,, the devel opi ng
15 sol ution andSehetdaRepagpdngi £6¢ HdEGdatOLPti SYRMHabIRPS BB urfidr m
supply of the devel opi ng_sol uytion.onto the wafer Consequently, .uniform
devel opi ng proc@sSPh rﬁg}ﬁ?"n%h?—ﬁ’ ¥ REE THEMS & YRl &° tgba%e‘?rf%r ned,
and unevenness of devel opi.ng dqes,not .occur. .20 .Al t ho t he mass-fl ow
controllers ar ecaggan?‘ﬁa I’nog c?gsz’,het -5 Isé)v\l/suq-' Nt srer:%rbeb% Used i nst ead,

and aIso2gass-fbggﬁggg&hﬁhggr%O%@%ﬁ%%dg%g%j n$headeRfbol"89 can measure

the concentration of the mixed solution, for example,
by irradiating a light with a wavelength, to which the
resist is not exposed, to the mixed solution and
analyzing the transmitted light. The aforesaid pipes

25 such as the respective supply pipes and the junction
pipe are formed, for example, out of Teflon tubes

excellent in corrosion resistance. The junction pipe is



bel  ows punps in the aforesaid resist coating unit (COT). 25 If i44tAlG200k
lot of tinme to stabilize nmeasurenent in the neasurenent of the
concentrlation of the mixed sol ution by the sensor 99 in the aforesaid
enbodi nment , 3 1 AUG 2004 - 30 a circulation pipe 200 for circulating the
m xed sol ution may be provided as shown in FIG 9. FIG 9 shows a structure
in which the circulation pipe 200 is addedlfo the structure shown in FIG

6, and with this 5 addition, the positions of the sensor 99 and the
controller 77 differ fronlthose in FIG 6. As showmn in FIG 9, the

cireulation pi pg 200o MY bespuaNLAgdesochhay bt ik x6d saLuLLgnSE! o ng

bet ween the m xed |on s junc Ion pipe 75 is 10

circul ated t hroggiy,8i6RULRE E'hfef ’E‘ﬁgﬂhﬁyo Bhﬁt”‘lé’vgegﬁk%aoﬂh dPRhy pipe

88 located with the static m xer ere tmeen over ves 01 and

202 are prOVIdeﬂnsﬂdéhélahéeérsekUthenpigapbx Eh@% %ﬁnéelbha&stgﬁaller
circul ation pipe 200 is sandw ched bet ween t hem The sensor 99 is set so

as to nmeasure tbRagODEEBET 8Fi BReObthbe pFiiyed gqbnt aenthbom&&dthrough t he
circulation pipe 200. In addition, valves 211 and 2l 2 are provided at both
ends of the cirsolation auppl?O@lpeLhthbereeﬂsarsBQuaﬂdntbaprytpdbber 77

t herebetween. 20 Qperation in the case where the aforesaid circul ation pipe
200 is further pndvibedthihhebesupplyi pedei.n Woredvekhebhedhe pepest for
solution and the thinner are discharged fromthe respective tanks, the

val ves 211 and eiampievi the junchaéosi pépkeat tbe pulp;@dzeol%l@nessl[p@de'd The
valve 201 in the m xed solution supply pipe 88 is opened, and the val ve 202
therein is cIosEHPePrEBGté?ﬁﬂﬁédSQREEHQFQ@“QF&UhP&P@% gre the Hhiseest ion

8 1 AUG 2004 - nd the thinper are supplied into the nlxed sol ut,i on
supply pipe 88 ?HPBgﬁhPFH@ FBHCPFoWaﬁpﬁécggregn@Yaﬁ?QPrPﬁg ¥ PEFPESILRS on

d h 75 h h,th 76, th I
212°in (He 5 if?ﬁb%%??@ﬁgg.ga BB IREngEheN CRAESAA | apse of seveﬁa? R

m nutes, the valve 29& o Setli g%eqaﬁkhglvghget%%;ghg.Q%ﬁﬂ%%nga

dlscharge of the sol Utlofis fromthe tanks are stoppe e nlxed

solution {ransfgreedabal utBedsl £hd! 8bhRlng BRa?Aeved obliRNeH:desdtiq | nt o
10 the m xed solution supply pipe 88 whi is provided before the stdtic

m xer 76. This giyxeedmsol dhiioBohheweddoub R&ASSeestiowah uithens ballileows xer 76
again, flows through the nmxed solution supply pipe 88 and the circul ation

pi pe 200, and hpump TBrantathe bblowgh beel1bwspipued [74mviied pipedshe seal ves
201 and 202. In such a structure, the m xed solution circul ates through the
pi pes i nl@a predandr ABhewhielhi dradanc the dmsdelst eaid owtsfidehios dilrecul at i ng
m xed solution is neasured. Accordingly, when it takes a lot of tine to
stabilize 20 th8Y&Ea@®Burenent of concentration by the sensor 99, the m xed
sol ution can be neasured w.t hout being di sposed of as a waste sol ution,

resulting in a shar pTREdBELAGHS] RUMRS JosAnst TariGhaltP ek ithafgihist
exAPLe Of & PulR, SHLLADL e Ohel ISy 2201 S50 IVRILIQ f LS £XP1 @1 nec
respectively and discharge them by the extension and
20 contraction motion of each bellows-shaped extensible
and contractible flexible tube. As shown in FIG. 10A,
for example, in an extension process of a flexible tube
102, a sphere 104 for opening and closing a suction
port 103 of each pump is drawn in such a direction that
25 the suction port 103 is opened, and simultaneously a
sphere 106 for opening and closing a discharge port 105

of each pump is drawn in such a direction that the



punp 301. The punp 301 is used, for exanple, in place 3 1 AUG 2305) KUG?’ﬁm
of the bellows punps 73 and 74 in the aforesaid enbodi nent. As shown

FIG 14,) in the punp 301, a contractible diaphragm 304 is housed in a
container 303 5 filled with a secondary nmedi um 302, for exanple, nmade of
silicon oil. Pipes 305 and 306 are connected respectively to the suction
side and the discharge side of the diaphragim 364, and a rigid body 307 nmade
of PTFE or silicon is housed in the diaphragm 304. Two check 10 val ves 308
are mounted in each of the pipes 305 and 306. A cylinder 309 is directly

cecondary medi (NSO RITHEPRE bREr L1 GhoBrar nun PP RaEREsbEs tiler cby ¢ ne
solution can be.sBPLbAtand ehbey RUAReIOR0 1 BHL HACThE UL BdpoRaRhES Ry ©

| oss can be reduced gre y conpare OWS punp

di agram show ng. gg é%é‘@l?éf:‘oﬂf aﬁ&%&ﬂ%%c’é%i{es%%kb”okh%h@f @A @%3id ePunp
301. In this check valve 308, a sheet nenper 312 nade of sapphire, ruby,

or the like is gipeksgh iﬁaﬁheOBegﬁécﬁweaﬁamgé a%hset:k@dsu@tl on port 310
and a discharge port 311 of the punp. A sphere 313 has, for exanple, a

di ameter »f abogdnBranyt o4ty , ang ah@oﬁaph@é@1aia3ph:ac@lssoO|fa@¢1eof
sapphire, ruby, or the |ike. The use of 25 these material s enabl es preci se

wor ki ng, for exfibgkeblerecbeelopy kangshbwa sphericeall 08yr thee spheadi n@4t o
further reduction in pressure | oss. 3 1 AUG 2pp~ - 33 Although the
exanpl e i n whi chstdeapnesensuchvendivecksoapphaédthe shetieint poat déadting
the sem conductor wafer with the resist solution is explained in the

af oresai d enbodifentasedheapdesénulsangousiyoitheaspbergpplOited st sirawmit for

coating substrates other than the sem conductor wafer, for exanple, an LCD
substrate with +ReSveRiardisraEien. thatt koL, d&ﬁFﬁéﬁ@ﬁ PREEUAIYS 6 coating

t he subs{ ate to be roc sseg Fh t he reS|sﬁ sqQlutio g¥}he devel opi ng
sol ution Qs theoB?B% SSW greBYut San§l§§p58 H& &OntFQ%ngfé I FEnti™n can
b lied t t_whi I t

SRR [ AR R T L A sk LI
any ot her proceéﬁ#ggtﬁggathgn @nglﬁe§“885¥ea solvent before the coating of

t he processing so fon In or 0 enhance wettability of the
The flexible tube 102 is driven to advance or

retreat by an air cylinder 107, and can regulate each

15 of supply amounts of the resist solution and the
thinner by mechanically limiting a movable range of a
piston inside the cylinder through the use of a limiter.
In the vicinity of each .of the bellows pumps 73 and 74,
a light transmission sensor, composed of a light-

20 emitting element 108 and a light-receiving element 109,
for detecting the arrival of the flexible tube 102 at
an end point of the compression process (discharge
process) and outputting a detection signal thereof to
the controller is disposed at a fixed position.

25 As shown in FIG. 6, the junction pipe 75 is
connected to the mixed solution supply pipe 88, the

resist solution supply pipe 97, and the thinner supply



substrate to be processed. Furthernore, the coating unit havingé:e;m;zmg
structure in which the processing solution is applied to the 20 “surface of
the senikonductor wafer while the sem conductor wafer is rotated is

expl ained in the aforesaid enbodi nents, the present invention can be
applied to a coating unit having a structure in which the processing
solution is applied to the surface of Zb th® seémi conductor wafer without
rotating the sem conductor wafer. As expl ai ned above, according to the

pr esent 31 AUG 2(p4 - 34 invention, the inside dianmeter of the junction

pipe is set to he,emggl erpidian the insigea i £65 Of the OihelePAPES,
wher eby the processing solution and the solvent can be mxed efficiently in

the junction pipec. 56 AsoR éﬁ%yéiniﬁ etAbXefss@bUliafe®brkhe fpdeessi ng
solution and the solvent to be supplied onto the substrate is m xed

sufficiently, andspectevéhpipabstrate is coated with the m xed solution so
that a uniformfilmthickness can be obtained within the 10 surface of the
substrate. The di scl OhermigbdJapanesenPauepilyApplpiec &8 s Ny lA@E-i¢A11,6
filed March 31, 2000 including specification, drawi ngs and clains are
herei n i ntor por fordevgmpiéerenth an insidet diempter50Al thowgh Bhey sone
exenpl ary enbodi ments of this invention have been described in detai

above, those skreségtisoineiapt swpplyrpanel §7appr evilandgichdt fery

nodi fications are, possible in the exenplary enbodi nents without materially

departing from Ehe"RbGel WithcANndBs2deafdangiant 2deé B -t nFRe| RREARESN.
Accordingly, all suih nvdifégations arg Lntgnd&% to be includ within the
scope of this i RYBRLYoRIPe 35113 @YbaR4ricas, HRL: examplanidShsam . A

ti t . 1 Sing.: hol d f hol di bstrate; |
coat 10 abpar 2ty s SOTRALARRAY Aeel Ui (ke "SAhE0e8, BURELIE' o BR00EH 5,
a surfacgof thea5ubst Lol enapthiStnRbBe X! g nbibs! diblede Ol o
or supplying the mixed'solution"to the nozzl e; a sécond pi pe having a

second inside dhanebep.sffm, 1AndURBLY! BeeFBLaBAGCOSY Rth T WL.isORf O e
first pipe; a third pipe having a third inside dianeter, for supplying the

solvent to the asrshophpen RI&OUrYhipspenwidehdiamed efrourst Bmaldiede whiaaet er
small er than all of the first inside dianmeter, the 15 second i nside
di aneter, and thkoséi ofi thei nléxddaseiationhsabply @dpeediBed the tdesifdtr st
pi pe, the second pipe, and the third pipe, to which the processing solution
and t he sol ventsatetsoppbiupdlyapndpehP@h sopgplthes thianerx sctppdlyutgige X8 + he
processing solution and the 20 solvent to the first pipe.
1 Accordingly, the thinner and the resist solution which
flow into the junction pipe 75 are mixed in the
junction pipe 75 and flow out to the mixed solution
supply pipe 88. Incidentally, if the inside diameter of
the junction pipe 75 is smaller than 0.2 mm, a pressure
20 loss on the pump side becomes very large, and if the
inside diameter of the junction pipe 75 is larger than
0.5 mm, the effects produced by mixing the thinner and
the resist solution in the junction pipe 75 can not be
expected. Moreover, especially in this embodiment, the
25 resist solution supply pipe 97, the junction pipe 75,

and the mixed solution supply pipe 88 are connected in

a straight line, and the thinner supply pipe 98 is



2. The apparatus as set forth in claim1l, wherein the second pipe the
fourth pipe, and the first pipe are connected in a straight |ine. 3§ Atith @004
apparatus as set forth in claim1, 25 wherein the first inside dianeter,

the second inside dianeter, and the third inside dianeter are al nost t he
sanme.. 3 1 AUG 2004 36 4. The apparatusnﬁf set forth in claim1l1, wherein
the fourth inside dianeter is about 0.2 ?o0 about 0.5 nm 5. The
apparatus as set forth in claiml, s wherein the first inside dianeter, the
second inside dianeter, and the third inside dianeter are about 6 nm each,

and wherein tfﬁbﬁﬁhﬁé$héi§yd@oﬁhé@?égrtbStﬁéoyﬁthZBHTb@pébﬁyt &G 3wpe 6.
The apparatus as set forth in claim1, furthef conprising: io a mxer for

further mxing the raxes 60l théopesixedsoDuthenfeortheptRénndr ¥bebe
apparatus as set forth in claim®6, further conprising: a controller for

measuring a cornogmbl béd oo ot hé heixedeslosat ibhosuppkedphyet B8 ik xaboand
perform ng such control that the concentration reaches a predetermned is
concentration. hreéecoatomg, appar afosgsabdpecosnagtianhehdblesosmhokdi ng a
substrate; a nozzle for supplying a m xed solution of a processing sol ution
and a solvent 2suppln @ﬁrth@embxedhe0éub§@nawéthQUtithtéhpethavmngha first
i nsi de dianeter, for supplying the m xed solution to the nozzle; a second
pi pe having a §§Edhdﬁi ¢eoni aRehepf FBF BUBBFyi ng the processing sol ution
to the first pipe; 3 1 AUG 7004 37 a third pe having a third inside

di ameters for suppl yFR§ Ph§e§0F9éHF198 Wﬁécplﬁéﬁ SFBEEd OfiGuteh th€pe whi ch

has a fourth inside,di first inside dianeter,

the second i nsiHE¥eia afEFloﬁnﬁuPngtﬁ?Pa_9hs?ﬁemafgﬂeﬁgﬁ nwﬁpcﬁ is s
connected to the fi étmfkgg Zﬁé s%ﬁg ngigﬁ)tgn?hEhﬁlkg RLR§ ot O Whi ch

t he processing SO |on an are suppli RRI-Eh supplles

e 1 X5 0l Ut hoe B eFseh UhLcR: 08 KBRS NCRLgL ot Bl
first pipe and gg, since the resist solution and the thinner are mixed .
in advance prior to mixing by the static mixer 76, it
is possible to shorten the length of the static mixer
76 which will be described later and thereby downsize
15 the entire unit. A mixing degree of the resist solution
and the thinner can be improved by partially changing
the inside diameter of the junction pipe 75 according
to the type of a solution which passes the pipe,
properly depending on the viscosity and flow rate of
20 each of solutions such as the resist solution and the
thinner which pass the pipe.
As shown in FIG. 11, the static mixer 76 is
structured by arranging a plurality of, for example, 74
baffle piates in multiple stages in a cylindrical pipe
25 76a, for example, made of SUS. As shown in FIG. 12,
each baffle plate 117 is formed by twisting one side of

a square plate by 90 degrees to the right or the left.



the other end of which is connected to a second position in the fpgihGQhﬂe
10 a controller for performng such control that the m xed sol ut fo
circulatles in the first pipe between the first position and the second
position and in the fifth pipe, and a neasuring unit for measuring a
concentration of the m xed solution in the fifth pipe. is 9. The apparatus
as set forth in claim@8, further conprisi a mxer for further mxing the
m xed solution mxed in the fourth pipe disposed mdway in first pipe,
wherein the first position and the second position are set so that the

m xer is sandwighed Pl eehed hemafP1d0p1be BpParaluecaengeickerth in

claim1, wherein the processing solution is a resist solution, and wherein

the solvent isyhihénnas. 228 ldnhows M Xbagr 8EPPLatdstwistrai bnghe ~ 1 AU G
200 38 a first pipe having a first inside diameter, for discharging a m xed

solution of a prigessi Mg sMditgipe areh 2 5 ke Nt a tai s aeinsl pi e davhng a
second inside dianeter, for supplying the processing solution to the first
pipe; s a thirdapifee wiatgs allhitwisheddeodthaeleft &nd shppkyighy bire
solvent to the first pipe; a fourth pipe which has a fourth inside dianmeter
smal | er than aldrwdngéd dlternabelye dwrsierafates st onrdmgenenti afiet er)
and the third inside dianeter, which is connected to the first pipe, the
second pi pe, euﬁh@fh@ff#?dpbﬁbés tb7whthe mhseflosplutdéesi Ag sbeuresd sind
the sol vent are supplied, and which supplies the m xed solution of the
processi ng sol (I HHCIORI 2R %B?v%h%nﬂﬁrtHBlFPréﬁ pPpECARgedTREtEp SR at us as
set forth in claim1l1l, wher é?e secon the fourth and the

first pipe are %Eﬁﬁ%%t%ﬁx?ﬁ 55 QYT alVBh eIFﬁéngng +he ﬁﬁﬁgF&Pﬁb as set
(et L oL 2L el he! Bebhec (4R pLTSREE hATSLE, (bR Sheon ol e
oot 6 =SSR ohe gy 1g HOSEELDClE L QuEth i ey |
3 1 AU G 20p4 and then flows out.

It is preferable that the inside diameter of the
cylindrical pipe 76a of the static mixer 76 be, for
example, in the range of 2 mm to 8 mm which is equal to

15 that of a tube for connection. If the inside diameter
of the cylindrical pipe 76a is smaller than the
aforesaid range, the possibility that the pipe is
clogged up increases. Contrary to this, if it is too
much larger, the amount of the solution to be disposed

20 of increases when the viscosity and type of the resist
solution are changed, whereby the utilization
efficiencies of the resist solution and the thinner
lower. Incidentally, in this static mixer 76, the inner
surface of the pipe and the surface of the baffle plate

25 117 with which the resist/thinner mixed solution is

brought into contact are coated with a corrosion-

resistant film such as a Teflon coating, a NIMUFLON



38a wherein the first inside dianeter, the second inside diamet 1 é@?a@pe
third inside dianmeter are about 6 mm each, and wherein the fourt

diameter is about 0.2nmto about 0.3nm. s 16. The apparatus as set forth
in claim8, wherein the second pipe, the fourth pipe) and the first pipe
are connected in a straight line. 17. The apparatus as set forth in claim
8) 10 wherein the first inside dianetefl, t s€cond inside dianeter) and
the third inside dianmeter are al nost the sane. 18. The apparatus as set
forth in claim8, wherein the fourth inside dianmeter is about 0.2 mmto
about 0.5 M i A%y THEyRPRAMPL &St ffn S84 F@FFé NeFbRESA B i RS gin the

first inside dianeter, the second inside dianeter, and the third inside

di aneter are aaggitéigﬂnfggj1ofﬂ@héW@&g@n the fourth inside dianmeter is
about 0.2 mmto about 0.3 mm 20 20. The apparatus as set forth in claim8,
further conprising: msngXewnfof Fucthe; Bh&i Bgathe mixed %6l isi on m xed in
the fourth pipe. 21. The apparatus as set forth in claim8, 2s wherein the
processi ng sol uinstalked a€kast sol thabnthandownsStted & @601s 3Bhghkerei n
the solvent is a thinner. .A

. AE. AL. AS. A93. Ahari& e | upot Aedm ABNBe A& TAL afheAdd tra tAIRY .mhil{e ALN Al . AQu. A&
. A& A9. A&Y. A9a. A&Y. Al r. AQu. A9! . A&ur . Ar. A& A9( @ . AL; . A A, . Aa_. Ah. A3; . A9; :
9Uo=US8I O baffle plates 117 provided therein block the passage of
{qugb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]cPa]ca]ca]ca]ca]ca]ca]ca]ca]cagcagca]ca
] ca] ca] ca] ca] C%%a]x&l’a}% ac]:%taw%a}légl ocCurpgpce of stagnant air uc

o] cal cal nal cal VA SaA e 44f coptartag carop Th-Ehe ke LaBLETI TRY Al ool €
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e e ke e el hgs g
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ca]ca]ca]ca]caLﬂca]ca]ca]ca]ca]ca] aJ ca] ca] ca] ca] ca] ca] ca] ca] cal k++++2,1i,,,
.0.a...//00 nigher, whereby air which enters the static mixer 76
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Js Next, the configuration of a control system of
kskBI|IIII nf mMnNn@wo00000' pBpnpp| wgl gb] X] ca] ca] ca] ca] caU] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] cahes] sabeateahenhea] makeaUhaahc alec alxgalaGaleen] calcal ad! Aerr, s
_sss(tltttuDuLuCpXuOVJv@mumFMAxxxx$yAy62nzzzzz|mmnhcAXU]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] saber] aahgahnakhatling]) thkc ajoedlicalrealioa] e adjea) ca) cal ca]
cajca'zz{{|}:}1}}}}~—~G--.amt MP*[ } xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] catontra)l caysaema] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $2*323Rs
e:ny}xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] carbe] ceptapddjedal/dawhich is situated downstream of
/6](6nC)|mﬁnhcAYU]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] c&d ca] catbe] ehptaFcaisarcdpcgpodredis tie discharge amounts of
@W#HULF LY } xsnid_ZU] ] ca] ca]ca] ca] ca]ca ca]ca]ca]ca]ca]ca]ca]ca ca ca]ca]ca]
ca]ca]ca]ca]ca]EEFcéFééFEaFeéPE&P@aF&£<EHQx¥ higingIRAG disc

[i1}xsnid_Z calca] ca cal ca c cal cal] ca] ca] ca] ca] ca
]ga]cg]ca]ca]t%¥58 05 EaLEi# 8% ] g] ¥%§]ac S J d ]égélrég ]
Fjv')>nv{X"T| wnhc”YU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Z-ey{! pdASw



I wmhc”YU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ga,] ia&cﬂ‘ca] c
a) ca] cal.,ca] ca] ca] ca] ca] ca] ca] ca] ca!
[96<1hc§e~246?}xsnhc]X]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
Jca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! v| 47-<?$" "' +M xs} xsnhc] X] ca
Lﬂca]caLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]fg]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]calca]ca]calca]ca]ca 9o0cAl,3 y10% /& ()<910% & ()- #109%&' ()- 9! YE 10% /
1& ()-f 10% & ()-%10% & ()-1o0o="b@L!'10% /& ()-L!'10%& ()- L!10%& ()-F
3z10% & ()-3 s10% & ()-910% & ()-U. =!""3"10% ()-@ '3"10%& ()- @ L@}z

10% /& ()-F ! Ok drdt (AW & €he A& ol hti8h 7! and also measures
910% & ()-1S6F"10% / & ()-1 4:104& ()- I ,210% & (§- |

LO10% & ()-! "' XHOUdrfcént fADL{dn 16024 €hé)mitO Sofht 1660 Suppi YOV &bl
10/ 10/ 10/ $<10% & ()-O ; dELCI 310% & ()-y 10% & ()- ":!'10% & ()-
310% & () - @10hxXed )sdD RO )supply ?poEbTe#8408M&' ¢dntrols the
110 & ()-YZI0% & ()-'110% & ()-110% & ()- 10%& ()- p Z ~ dE:/ 10\
10\ 0y10% &' () - Bi19sh & ¢ -and@os R ¢F-the0Pe&iéy- sohadwAR' AndEbavn&r( ko
5 be discharged from the bellows pumps 73 and 74 based on
the measurement. As shown in FIG. 13, the controller 77
controls the respective bellows pumps 73 and 74 by
controlling an electromagnetic valve for opening and
closing a main air valve 132 which is connected to an
10 air supply source. Namely, air cylinders which drive
the bellows pumps 73 and 74 respectively are connected
to the air supply source via the main air valve 132,
and the bellows pumps 73 and 74 are driven integrally
by on-off control of air supply to the respective air
15 cylinders.

Moreover, the controller 77 has the function of
giving signals indicating controlled variables
according to setting made by an operator to two air
flow rate control mechanisms 133 and 134 which are

20 provided corresponding to the bellows pumps 73 and 74.
Since the discharge amounts per unit hour of the
bellows pumps 73 and 74 are determined by stroke speeds
of rods in a resist bellows pump air cylinder 107a and
a solvent bellows pump air cylinder 107b, the discharge

25 amounts per unit hour of the bellows pumps 73 and 74

can be controlled by increasing or decreasing air flow

rates to be supplied to the air cylinders 107a and 107b
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the discharge amounts per unit hour of the bellows
pumps 73 and 74 makes it possible to freely set the
mixing ratio of the resist solution to the thinner, and
5 hence the viscosity of the resist solution to be
supplied to the wafer W can be selected. When the
concentration of the mixed solution is measured by the
sensor 99 and the concentration of the mixed solution
is stabilized, the mixed solution is applied to the
10 surface of the wafer W. Incidentally, the concentration
of the mixed solution is measured by measuring the
electric capacity of the solution.

Moreover, the controller 77 performs such control
that the main air valve 132 is closed and the air

15 cylinders 107a and 107b are switched to an OFF-state
based on a first inputted detection signal out of
outputs from each of two light transmission sensors 135
and 136 which detect end points of discharge processes
of the respective bellow pumps 73 and 74.

20 Next, the operation of the aforesaid
resist/thinner mixer will be explained.

The operator previously gives data for setting the
viscosity of the resist solution to be supplied to the
wafer W to the controller 77. If a correspondence table

25 of the viscosity of the resist solution and the stroke
speeds (discharge amounts per unit hour) of the bellows

H

pumps 73 and 74 is provided in the controller 77, for
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numeric data which indicate a viscosity desired by the
operator. The supply amount of the resist/thinner mixed
solution in each cycle can be set artificially by

5 regulating movable ranges of the pistons in the air
cylinders 107a and 107b for driving the bellows pumps
73 and 74 by means of the limiters or can be set
automatically by control by means of the controller.

When the controller 77 gets the data for setting

10 the viscosity of the resist solution from the operator,
for example, the controller 77 reads out data on the
corresponding stroke speeds of the bellows pumps 73 and
74 from the correspondence table and give signals
indicating controlled variables corresponding to

15 desired stroke speeds to the two air flow rate control
mechanisms 133 and 134 for controlling the driving of
the air cylinders 107a and 107b of the bellows pumps 73
and 74. Thus, stroke speeds, that is, discharge amounts
per unit hour of the respective bellows pumps 73 and 74

20 are set in order to obtain a desired viscosity of the
resist solution.

After the completion of the aforesaid setting, the
controller 77 actuates the electromagnetic valve so
that the main air valve 132 is opened. By opening the

25 main air valve 132, air is supplied to the air
cylinders 107a and 107b of the bellows pumps 73 and 74

from the air supply source. Thereby, the resist
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bellows pumps 73 and 74 from the resist tank 71 and the
thinner tank 72 respectively, join in the Jjunction pipe
75, and they are mixed and introduced into the static

5 mixer 76. The mixed solution is stirred and mixed in
this static mixer 76 and passes through the mixed
solution supply pipe 88. The concentration of the mixed
solution passing through the mixed solution supply pipe
88 is measured by the sensor 99, and when the

10 controller 77 judges that the measured concentration is
a desired value, the mixed solution is discharged to -
the surface of the wafer W from the mixed solution
nozzle 86. Meanwhile, when it is judged that a value
measured by the sensor 99 is not the desired value, the

15 discharge amounts of the resist solution and the
thinner are controlled based on the measured value by
the controller 77 in order to obtain a desired
concentration. The mixed solution nozzle 86 stands by
at the mixed solution nozzle waiting position 90, and

20 the mixed solution is discharged until its
concentration reaches the desired concentration. When
its concentration reaches the desired concentration,
the mixed solution nozzle 86 moves to a position above
the wafer W and discharges the mixed solution to the

25 surface of the wafer W.

When the light transmission sensor 135 or 136

detects the arrival of either of the bellows pumps 73
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controller 77 actuates the electromagnetic valve to
close the main air valve 132. By closing the main air
valve 132, the compression (discharge) operation of

5 each of the bellows pumps 73 and 74 is completed, and
the process then advances to the extension (suction)
process by elasticity restoring force of the flexible
tube 102. Thus, the supply of the resist solution to
the wafer W is completed.

10 ‘ As described above, according to this embodiment,
it is possible to prepare the resist solution with a
desired viscosity by stirring and mixing the resist
solution and the thinner in a desired ratio and supply
it to the wafer W at the time of the supply of the

15 resist to the wafer W. Further, the controller can
measure the concentration of the mixed solution and
control the discharge amounts of the resist solution
and the thinner so that the desired concentration can
be obtained, whereby the mixed solution with a precise

20 concentration can be supplied to the wafer W and a
coating film with a desired thickness can be obtained
efficiently. Furthermore, the resist solution and the
thinner are previously mixed in the junction pipe
before mixing by the static mixer 76, whereby the

25 length of the static mixer 76 can be shortened, and
consequently the entire unit can be downsized. Moreover,

the resist solution and the thinner are mixed
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adequately, whereby the thickness of a coating film
applied on the wafer W is made uniform within the
surface of the wafer W.
Although the structure of supply of the resist
5 solution and the thinner is explained with the resist
coating unit (COT) as the example thereof in the
aforesaid embodiment, this structure can be applied to
the developing unit (DEV), for example. A developing
solution/water mixer in the developing unit (DEV) will
10 be explained below by means of FIG. 8. This mixer has
almost the same structure as the resist/thinner mixer
in the resist coating unit (COT), but differs therefrom
only in the type of solutions stored in tanks and the
use of mass-flow controllers in place of the bellows
15 pumps .

In the developing unit (DEV), a developing
solution is used as a processing solution, and water is
used as a solvent. As shown in FIG. 8, the developing
solution/water mixer includes a developing solution

20 tank 171 for storing a developing solution, a water
tank 172 for storing water, a mixed solution supply
pipe 88 for supplying a mixed solution of the
developing solution and the water to a mixed solution
nozzle 186, a developing solution supply pipe 197 for

25 supplying the developing solution to the mixed solution
supply pipe 188, a water supply pipe 198 for supplying

the water to the mixed solution supply pipe 188, a



LGLO% & ()-f10% & ()-f&L0% & () - =i ?2?? @AB@EYNC 310% 10% & ()-.F

&10% & ()-3 310% & ()-&@ 109 & ()-3 “s10% & ()- | 10% & () - Gay GBRAAYBAINC
310% F 0310% & ()-F .Z10% & ()-9,110% & ()-3 | %0%& ()-t9#s10% & () -3

r109% & () - - BLB} BBBYC&C C(CAYNC 310% 10" 10" 10"3 :10% & ()-F

@10% & ()-9L6"10% & ()- 14s10% & ()-F 210% & () - (CAC, C DCDxDDIEYNC 310%
3 109%& ()-F f109& ()-"109& ()- 109%& ()-f198& ()-&F10%& () - DDD' EUEEEJEYNC
310% 3 F10%&' ()-F 910%& ()-F YZ10%&' ()-Ly@ 10%&' ()- 10%& ()-F

109& () - ELFGAGYGGGIEYNC 310% Y 2109%& ()-Y OMLOY& ()-Y

junction pipe 175, which is located at the junction of
the developing solution supply pipe 197 and the water
supply pipe 198, for mixing the developing solution and
the water and supplying this mixed solution to the

5 mixed solution supply pipe 188, a developing solution
mass-flow controller 173, for example, as a flow rate
controller for controlling the amount of the developing
solution to be taken out of the developing solution
tank 171 and introducing the developing solution into

10 the developing solution supply pipe 197, a water mass-
flow controller 174, for example, as a flow rate
controller for controlling the amount of the water to
be taken out of the water tank 172 and introducing the
water into the water supply pipe 198, a static mixer

15 176 as a mixer for stirring and mixing again the mixed
solution of the developing solution and the water which
has passed the junction pipe 175. It further includes a
sensor 199 which measures the concentration of the
mixed solution passing the mixed solution supply pipe

20 188, and a controller 177 which performs such control
that the concentration of the mixed solution reaches a
predetermined concentration. The mass-flow controllers
173 and 174 are flow rate controllers which
automatically supply the developing solution and the

25 water.

Thanks to such a structure, on the occasion of the

supply of the developing solution to the wafer W, it is
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solution with a des1red concentratlon and supply it to
the wafer W. Further, it is possible for the controller
5 to measure the concentration of the mixed solution and
control the discharge amounts of the developing
solution and the water so as to obtain a desired
concentration, whereby the mixed solution with a
precise concentration can be supplied to the wafer W.
10 Furthermore, since the developing solution and the
water are previously mixed in the junction pipe before
mixing by the static mixer 176, the length of the
static mixer 176 can be shortened, and consequently the
entire unit can be downsized. Moreover, the developing
15 solution and the water are mixed adequately, which
enables the uniform supply of the developing solution
onto the wafer W. Consequently, uniform developing
prbcessing within the surface of the wafer W can be
performed, and unevenness of developing does not occur.
20 Although the mass-~flow controllers are used in
this case, the bellows pumps can be used instead, and
also mass~flow controllers can be used instead of the
bellows pumps in the aforesaid resist coating unit
(coT).
25 If it takes a lot of time to stabilize measurement
in the measurement of the concentration of the mixed

solution by the sensor 99 in the aforesaid embodiment,
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solution may be provided as shown in FIG. 9. FIG. 9
shows a structure in which the circulation pipe 200 is
added to the structure shown in FIG. 6, and with this

5 addition, the positions of the sensor 99 and the

controller 77 differ from those in FIG. 6. As shown in
FIG. 9, the circulation pipe 200 may be provided so
that the mixed solution flowing between the mixed
solution supply nozzle 86 and the junction pipe 75 is

10 circulated through a course different from the mixed
solution supply pipe 88 located with the static mixer
76 therebetween. Moreover, valves 201 and 202 are
provided in the mixed solution supply pipe 88 so that
the circulation pipe 200 is sandwiched between them.

15 The sensor 99 is set so as to measure the concentration
of the mixed solution flowing through the circulation
pipe 200. In addition, valves 211 and 212 are provided
at both ends of the circulation pipe 200 with the
sensor 99 and the controller 77 therebetween.

20 Operation in the case where the aforesaid
circulation pipe 200 is further provided will be
explained in brief. When the resist solution and the
thinner are discharged from the respective tanks, the
valves 211 and 212 provided in the circulation pipe 200

25 are closed. The valve 201 in the mixed soluﬁion supply
pipe 88 is opened, and the valve 202 therein is closed.

Predetermined discharge amounts of the resist solution
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the mixed solution mixed in the junction pipe 75 passes
through the static mixer 76, the valve 212 in the
5 circulation pipe 200 is opened. After a lapse of
several minutes, the valve 201 is closed, the valve 211
is opened, and the discharge of the solutions from the
tanks are stopped. Thus, the mixed solution transferred
into the circulation pipe 200 is flowed out again into
10 the mixed solution supply pipe 88 which is provided
before the static mixer 76. This mixed solution flowed
out passes through the static mixer 76 again, flows
through the mixed solution supply pipe 88 and the
circulation pipe 200, and‘hence circulates through the
15 pipes limited by the valves 201 and 202. In such a
structure, the mixed solution circulates through the
pipes in a predetermined region, and the concentration
of this circulating mixed solution is measured.
Accordingly, when it takes a lot of time to stabilize
20 the measurement of concentration by the sensor 99, the
mixed solution can be measured without being disposed
of as a waste solution, resulting in a sharp reduction
in the cost of materials.
Next, another example of a pump suitable for the
25 present invention will be explained.

FIG. 14 is a diagram showing the structure of a

pump 301. The pump 301 is used, for example, in place
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embodiment.

As shown in FIG. 14, in the pump 301, a
contractible diaphragm 304 is housed in a container 303
5 filled with a secondary medium 302, for example, made
of silicon oil. Pipes 305 and 306 are connected
respectively to the suction side and the discharge side
of the diaphragm 304, and a rigid body 307 made of PTFE
or silicon is housed in the diaphragm 304. Two check
10 valves 308 are mounted in each of the pipes 305 and 306.
A cylinder 309 is directly connected to the container
303. The diaphragm 304 contracts via the secondary
medium 302 with the operation of the cylinder 309,
whereby the solution can be supplied. In the pump 301
15 thus structured, a pressure loss can be reduced greatly
compared with a bellows pump.
FIG. 15 is a diagram showing an example of the
check valve 308 in the aforesaid pump 301.
In this check valve 308, a sheet member 312 made
20 of sapphire, ruby, or the like is stuck at least on the
surface of each of a suction port 310 and a discharge
port 311 of the pump. A sphere 313 has, for example, a
diameter of about 3 mm to 4 mm, and the sphere 313 is
also made of sapphire, ruby, or the like. The use of
25 these materials enables precise working, for example,
precise working of a spherical surface, leading to

further reduction in pressure loss.
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invention is applied to the unit for coating the
semiconductor wafer with the resist solution is
explained in the aforesaid embodiments, the present

5 invention can be applied to a unit for coating
substrates other than the semiconductor wafer, for
example, an LCD substrate with the resist solution.

Further, although the unit for coating the
substrate to be processed with the resist solution or
10 the developing solution as the proceésing solution is
explained, the present invention can be applied to any
coating unit which uses any solvent and processing
solution if the coating unit is to coat the substrate
to be processed with any other processing solution and
15 supply a solvent before the coating of the processing
solution in order to enhance wettability of the
substrate to be processed.
Furthermore, the coating unit having the structure
in which the processing solution is applied to the
20 surface of the semiconductor wafer while the
semiconductor wafer is rotated is explained in the
aforesaid embodiments, the present invention can be
applied to a coating unit having a structure in which
the processing solution is applied to the surface of
25 the semiconductor wafer without rotating the
semiconductor wafer.

As explained above, according to the present
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set to be smaller than the inside diameters of the
other pipes, whereby the processing solution and the
solvent can be mixed efficiently in the junction pipe.

5 As a result, the mixed solution of the processing
solution and the solvent to be supplied onto the
substrate is mixed sufficiently, and hence the
substrate is coated with the mixed solution so that a
uniform film thickness can be obtained within the

10 surface of the substrate.

The disclosure of Japanese Patent Application
No.2000-97016 filed March 31, 2000 including
specification, drawings and claims are herein
incorporated by reference in its entirety.

15 Although only some exemplary embodiments of this
invention have been described in detail above, those
skilled in the art will readily appreciated that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings

20 and advantages of this invention. Accordingly, all such
modifications are intended to be included within the

scope of this invention.
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1. A coating apparatus, comprising:
a holder for holding a substrate;
a nozzle for supplying a mixed solution of a
5 processing solution and a solvent to a surface of the
substrate;
a first pipe having a first inside diameter, for
supplying the mixed solution to the nozzle;
a second pipe having a second inside diameter, for
10 supplying the processing solution to the first pipe;
a third pipe having a third inside diameter, for
supplying the solvent to the first pipe;
a fourth pipe which has a fourth inside diameter
smaller than all of the first inside diameter, the
15 second inside diameter, and the third inside diameter,
which is connected to the first pipe, the second pipe,
and the third pipe, to which the processing solution
and the solvent are supplied, and which supplies the
mixed solution of the processing solution and the
20 solvent to the first pipe.
2. The apparatus as set forth in claim 1,
wherein the second pipe, the fourth pipe, and the
first pipe are connected in a straight line.
3. The apparatus as set forth in claim 1,
25 wherein the first inside diameter, the second
inside diameter, and the third inside diameter are

almost the same.
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5. The apparatus as set forth in claim 1,
5 wherein the first inside diameter, the second inside diameter, and the third
inside diameter are about 6 mm each, and

wherein the fourth inside diameter is about 0.2mm to about 0.3mm.

6. The apparatus as set forth in claim 1, further comprising:
10 a mixer for further mixing the mixed solution mixed in the fourth pipe.
7. The apparatus as set forth in claim 6, further comprising:

a controller for measuring a concentration of the mixed solution mixed by the
mixer and performing such control that the concentration reaches a predetermined

15 concentration.

8. A coating apparatus, comprising:
a holder for holding a substrate;
a nozzle for supplying a mixed solution of a processing solution and a solvent
20 to a surface of the substrate;
a first pipe having a first inside diameter, for supplying the mixed solution to
the nozzle;
a second pipe having a second inside diameter, for supplying the processing

solution to the first pipe;
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pipe;
a fourth pipe which has a fourth inside diameter smaller than all of the first
inside diameter, the second inside diameter, and the third inside diameter, which is
5 connected to the first pipe, the second pipe, and the third pipe, to which the
processing solution and the solvent are supplied, and which supplies the mixed
solution of the processing solution and the solvent to the first pipe;
a fifth pipe one end of which is connected to a first position in the first pipe and
the other end of which is connected to a second position in the first pipe;
10 a controller for performing such control that the mixed solution circulates in the
first pipe between the first position and the second position and in the fifth pipe, and

~ a measuring unit for measuring a concentration of the mixed solution in the

fifth pipe.

15 0. The apparatus as set forth in claim 8, further comprising
a mixer for further mixing the mixed solution mixed in the fourth pipe disposed
midway in first pipe,
wherein the first position and the second position are set so that the mixer is
sandwiched between them.
20
10. The apparatus as set forth in claim 1,
wherein the processing solution is a resist solution, and

wherein the solvent is a thinner.

25 11. A mixing apparatus, comprising:
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5 a third pipe having a third inside diameter, for supplying the solvent to the first
pipe;
a fourth pipe which has a fourth inside diameter smaller than all of the
first inside diameter, the second inside diameter, and the third inside diameter, which
is connected to the first pipe, the second pipe, and the third pipe, to which the

10 processing solution and the solvent are supplied, and which supplies the mixed

solution of the processing solution and the solvent to the first pipe.

12.  The apparatus as set forth in claim 11,
wherein the second pipe, the fourth pipe, and the first pipe are connected in a

15  straight line.

13.  The apparatus as set forth in claim 11,
wherein the first inside diameter, the second inside diameter, and the third
inside diameter are almost the same.
20
14. The apparatus as set forth in claim 11, wherein the fourth inside diameter is

about 0.2 mm to about 0.5 mm.

15. The apparatus as set forth in claim 11,
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wherein the second pipe, the fourth pipe, and the first pipe are connected in a

straight line.

17.  The apparatus as set forth in claim 8,
10 wherein the first inside diameter, the second inside diameter, and the third

inside diameter are almost the same.

18.  The apparatus as set forth in claim 8,
wherein the fourth inside diameter is about 0.2 mm to about 0.5 mm.
15
19. The apparatus as set forth in claim 8,
wherein the first inside diameter, the second inside diameter, and the third
inside diameter are about 6 mm each, and
wherein the fourth inside diameter is about 0.2 mm to about 0.3 mm.
20
20. The apparatus as set forth in claim 8, further comprising:

a mixer for further mixing the mixed solution mixed in the fourth pipe.

21. The apparatus as set forth in claim 8,

25 wherein the processing solution is a resist solution, and




L H#S9& () *+, - ./ 0123456789: ; | AUG
<=>? @\BCDEFGH JKLMNOPQRSTUWIKYZ[ \ ] ~_ abcdef ghi j kI mopgr st uvwxyz{ |31 200
| HSUR (), -

38b
wherein the solvent is a thinner.



