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COATI NG FI LM FORM NG METHOD AND COATI NG FI LM FORM. NG REFLACEDABBERATUS SG

BACKGRCUND OF THE | NVENTION The present |nventlcH]F%Ha@égntGMEdcoatmn@“mi ..........
film 7 ~forming nethod and a coating fil m f{&f fag(shppapeageds 3.0 paged . 4...,
coating a process |iquid such as a photoresigt lijfliddawing(s) : pagedn..a. to paged ..........
substrate such as a sem conductor wafer or an LCIOI] Abstract gbaed .substpagdde

to forma coating film 10 I'n manuf actwarpbrargemepnductor
- device, a photoresist lLiquid is coated OM @ SEM COMIUCTOT—Waf-efrmsaw:
to forma photoresist coating fil nrIthEe @¥OrHE EENVENTION coating film
I s exposed and then devel oped. Such a phot ol i t hogr aphy techni que
s a very inportantOATINGsEILM SFORMING rMETHOD i ANR CQRAT DNG oF TBM SEORM NG uct or
.device. In order to uniformy forma photoresist filmon a wafer
surface in this prRRRARATYHe cl osest attention is paid, and a | ong
period of time is spent. As shown in FIG 1, a conventiona
5 ' The present invention relates to a coating film

forming method and'a'coating film forming apparatus fof
coating a process liquid such as a photoresist liquid
on a substrate such as a semiconductor wafer or an LCD
glass substrate to form a coating film.

10 In manufactﬁre of a semiconductor device, a
photoresist liquid is coated on a semiconductor wafer
to form a photoresiét coating film, the photoresist
coating film is exposed and then developed. Such a
photolithography technique is a very important process

15 in high integration of a semiconductor device. 1In
order to uniformly form a photoresist film on a wafer
surface in this process, the closest attention is paid,
and a long period of time is spent.l

As shown in FIG. 1, a conventional resist coating

20 appératus compxises a procéss vessel 2, a spin chuck 3,
a cup 4, a resist liquid supply nozzle 5, a fan filter
unit (FFU) 6, a temperature/humidity adjustment device
7, a temperature/humidity sensor 9a, and a controller
9. The process vessel 2 is partitioned from the

25 atmosphere of a wafer convey section 1 by a panel. A
spin chuck 3 is arranged in the process vessel 2. The

spin chuck 3 vertically moves along a Z axis to be able




20 . apparatus conprises a process vessel 2, a spin chuck 3, a
cup 4, aresist liquid supply nozzle 5, a fan filter unit (FFU) 6,
a tenpergature/ hum dity adjustnment device 7, a tenperature/ humdity
sensor 9a, and a controller 9. The process vessel 2 is partitioned
fromthe 25 at nosphere of a wafer conyey section 1 by a panel. A
spin chuck 3 is arranged in the process Veszel'z. The spin chuck 3
vertically nmoves along a Z axis to be able

- 2- to rotate about the Z axis by [err]. The cup 4 is arranged

to surround the ophefopatbPEBbYt2EHe! 88%iROBY! @0 Ofthe cup 4 EQea§EEHg€BUCk

3, and a gas outlet port 4a and a liquid outlet port 4b are fornmed

in the bottom portb0Buekotiie the outé¥pPpdriphbeyr 8alstowestUpdreipal ¥£nozzl e
5 is designed to discharge (supply) a resist liquid toward a wafer

w hel d onthbesphinnchhokk33. ahieaFghls6oathpti portashaandaa liquid
and a filter 6b for supplying clean air into the process vessel 2.
The t enper at ur e/ hontdetypadtudbnane féfmed idetheebdtieomdpeirgien od &tipust
the tenperature and '
5 cup 4. The resist liquid supply nozzle 5 is designed
to discharge (supply) a resist liquid toward a wafer W
held on the spin chuck 3. The FFU 6 comprises a fan 6a
and a filter 6b for supplying clean air into the
process vessel 2. The temperature/humidity adjustment
10 device 7 is designed to adjust the temperature and
humidity of the air in the process vessel 2. The
temperature/humidity sensor 9a is arranged near the FFU
6 and connected to the input side of the controller §.
In the resist coating apparatus arranged a;
15 described above, a wafer W is conveyed into the process
vessel 2 by'the convey arm mechanism 8; is held by
adsorption of the spin chuck 3, and is spin-rotated. A
resist liquid is supplied from the nozzle 5 to the
wafer W while the wafer W is spin-rotated to coat a
20 resist on the wafer W. Furthermore, the spin chuck
3 is rotated at a high speed, a resist liquid is
uniformly diffused on the entire surface of the wafer
W to form a resist coating film having a desired
thickness. buring this process, the temperature and
25 humidity of the inte;nal atmosphere of the process

vessel 2 are detected by the temperature/humidity

sensor 9a, and these detection signals are sent to the



hum dity of the air in the process vessel 2. The _
tenperature/hum dity sensor 9a is arranged near the FFU 6 and
connected to the input side of the controller 9. In the
resi st coating apparatus arranged as 15 descri bed above, a wafer Wis
conveyed into the process vessel _2 Ry the convey arm nechani sm 8,
Is held by , adsorption of the spin chuck 3, and is spin-rotated. A
resist liquid is supplied fromthe nozzle 5 to the waf er Wwhile
the wafer Wis spin-rotated to coat a 20 resist on the wafer W

Furthernore, the gRnRr@Uet 9. The td3mperheh2bfHumliddtl abjaBesdnta resist
liquidis uniformy diffused on the entire surface of the wafer

Wto forma resi sdegqall 179 ilsi lc®ntavilledabgetheedontroller BhitﬁkﬁﬁﬁplyDUri ng
this process, the tenperature and 25 hum dity of the interna

at nosphere of thecpeancair whose tewpeseltuZzeanaddhumditddybwnrehadjusted
tenperature/ humdity sensor 9a, and these detection signals are
sent to the from the temperature/humidity adjustfent device Fodntol | er

9. The tenperature/ hum dity adjustnment

5 the process vessel 2, so that the process atmosphere is
kept in a desired state. After the resist coating film
is formed as described above, the rotating speed of the
spin chuck 3 is reduced, and thinner is poured onto the
rear surface of the wafer W. The wafer is rotated at a

10 high speed again, the thinner and coated resist are
centrifugally removed from the rear surface of the
wafer W.

However, in the conventional coating film forming

apparatus, the temperature/humidity adjustment device 7

15 outside the process station, and the temperature/
humidity adjustment device 7 is connected to the
coating film forming apparatus through a pipe 7a. For
this reason, the apparatus increases in size.

When only the temperature and humidity of the

20 processing.atmosphere are adjusted, not only the film
thickness cannot be made uniform at high precision, but
also air whdse humidity is adﬁﬁsted is forcibly
supplied. For this reason, air flow in the processing
atmosphere is disturbed, and the uniformity of the film

25 thickness is adversely affedted.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to



device 7 is controlled by the controller 9 to supply clean air
whose tenperature and hum dity are adjusted fromthe

t enperatuure/ hum dity adj ustnent device 7 into 5 t he process vessel 2
so that the process atnosphere is kept in a desired state. After-
the resist coating film is formed ag described above, the rotating
speed of the spin chuck 3 is reduced, and thinner is poured onto

t he rear surface of the wafer W The wafer is rotated at a 10

hi gh speed again, the thinner and coated resist are centrifugally

removed fromthe peavide haeeatlingh€ilm formiWgf AetWbd and a coating :
However, in the conventional coating filmformng appar at us, the

t enper at ur e/ huni difti ¥ madjouslifignappariad@s’/ inldhich eHbsappakheupr e6fsSbe
station, and the tenperature/ hum dity adjustnment device 7 is
connected to the decreasedcdat isigef iand thenthdckppasabdisat resigh eoptprg7a.
For : this reason, the apparatus increases in size.
When only the tenfddax dsemade mmiiformy apd hiighlgOprecigeecessi ng at nosphere
are adjusted, not only the film t hi ckness cannet be nade uniform
at high precision, but? coating fiilda fiormingsmekbridpegordingj ot Ehei s
forcibly supplied. For this reason, ,air flow_in the grocessing
at mosphere is di sP¥ESEAL AMyend omiiso@ncoptdng: 4 1p £Rrming method for
forming a resist coating film on an upper surface
of a substrate held by a spin chuck in a chamber,
characterized by comprising: (a) the step of keeping
10 preliminary correlation data representing correlation
between the conditions, i.e., a rotating speed of the
substrate, the temperature of a resist liquid to be
coated, and the temperature of the upper surface of the
substrate and the thickness of the resist coating film
15 formed on the substrate in the chamber; (b) the step of
conveying the substrate into the chamber and holding
the substrate by the spin chuck; (c) the step of
pouring the resist liquid onto the substrate and spin-
rotating the substrate to form a resist coating film on
20 the upper surface of the substrate; (d) the step of
detecting the thickness of the resist coating film
formed on the upper surface of the substrate by film
thickness detection means; and (e) the step of, on the
basis of detected film thickness information and the
25 preliminary correlation data, correcting a set rotating

speed of the spin chuck, the temperature of a resist

ligquid to be coated on a next substrate, and the



25 . t hi ckness is adversely affected. BRI EF SUMVARY
OF THE | NVENTI ON It is an object of the present invention to
-4-1 @ provide a coating filmform ng nethod and a coating
filmform ng apparatus in which the apparatus can be decreased in
si'’ze and the thickness of a resist coating _ - filmis nmade uniform and
highly precise. 5 A coating filnmform ng method according to the
present invention is a coating filmform ng nethod for formng a
resist coating filmon an upper surface of a substrate held by a

spin chuck in a chanperature of afihdppéteshZLEcdYo£OtRE AbRY: shiBstiBResSt €D
of keeping 10 prelimnary correlation data representing correlation

bet ween the condi tboféedba€krcontoblt thg BEsesit ofoabéng step feubsheate,
the tenperature of a resist liquid to be coated, and the
tenperature of thaemppsnbstrébee of the substrate and the thickness
of the resist coating film
A coating film forming method according to the
5 present invention is a coating film forming method for
forming a resist coating film on an upper surface
of a substrate held by a spin chuck in a chamber,
characterized by comprising: (A) the step of keeping
preliminary correlation data fepresenting correlation
10 between the conditions, i.e., a rotating speed of a
dummy substrate, the temperature of a resist liquid to
be coated, and the temperature of the upper surface of
the dummy substrate and the thickness of a resist
coating film formed on the dummy substrate; (B) the
15 step of conveying the product substrate into the
chamber and holding the product substrate by the spin
chuck; (C) the step of pouring the resist liquid onto
the product substrate and spin-rotating the product
substrate to form a resist coating film on the upper
20 surface of the product substrate; (D) the step of
detecting the thickness of the resist coating film
formed on the upper surface of the product substrate by
film thickness detection means; and (E) the step of, on
the basis of detected film thickness information and
25 the preliminary correlation data, correcting a set

rotating speed of the spin chuck, the temperature of a

resist liquid to be coated on a next product substrate,



15 formed on the substrate in the chamber; (b) the step of

conveying the substrate into the chanber and hol di ng the substrate
by the spin chuck; (c) the step of pouring the resist liquid onto
the substrate and spin- rotating the substrate to forma resist
coating filmon 20 t he upper surface of the substrate; (d) the step of
detecting the thickness of the resist coatifg Tilm formed on the
upper surface of the substrate by film . thickness detection neans;
and (e) the step of, on the basis of detected filmthickness

information and tRgq £Re temEé%EEEEEaB¥ Eﬁérﬁgﬁékogugihée BQr%ﬁSthBdﬁcEet

rotating speed of the spin chuck, t tenperature of a resist
liquid to be coatgdbgrateexb FebabhakeconBPolhfhe resist coating step

- 5- tenperature of an upper surface of the next substrate
to feedback-contr gbrt kher aekst peoducigsabepraee.t he ’ next substrate. .
A coating filmformng nethod according to the 5 present invention is -

a coating filmform ngThet fddmf ahickness of the resist coating film is
| 5 preferably detected immediately after the resist
coating process is performed or after the substrate is
cooled. Detection of the thickness of the resist
coating film may be performed before the apparatus is
operated, or may be performed every lot, i.e., twenty-
10 five substrates. 1In addition, the thicknesses of the
resist coating films of the substrates are detected,
respectively, and the thickness of the coating films
coated on the substrates which will be processed later
on the basis of the detection information may be
15 © controlled.

A coating film forming apparatus gccording to the
present invention, characterized by comprising: a |
chamber, a spin chuck, arranged in the chamber, for
holding a substrate; a rotational drive means for spin-

20 rotating the spin chuck; a resist liquid supply means
for sﬁpplying a resist liquid to the substrate on
the spin chuck; a film thickness sensor, arranged
in the chamber, for detecting the thickness of a
resist coating film formed on the upper surface of

25 the substrate; first temperature adjustment means
for adjusting the temperature of the resist liquid

to be coated on the substrate; second temperature



formng a resist coating filmon an upper surface of a substrate

hel d by a spin chuck in a chanber, characterized by conprising: (A
t hes step of keeping _preI|n1nary correlation data representing
correlation 10 between the conditions, i.e., a rotating speed of a
dummy substrate, the tenperature of a re5|sg liquid to be coat ed,
and the tenperature of the upper surface of the dummy substrate and
t he thickness of a resist coating filmformed on the dummy
substrate; (B) the 15 step of conveying the product substrate into the

chamber and hol di gg3h8emBhedmebngulstr aaﬁugxlhaetﬁel Pemperatur&yekiné O
the step of pouring the resist liquid he product substrate

and spin-rotati ngupgérpéaémabe of the BuUbstrate;tanfioeshérbesieinsoating
filmon the upper surface of the product substrate; (D) the step of

detecting the thi f&pesonekolliéngeshet roeatiogali imive meansfothed on the
upper surface of the product substrate by filmthickness detection
means; and (E) théisséptefaperature adjushmebtsmeant,dendctbed &etandhi ckness
i nformati on and 25 the prelimnary correlation data, correcting a set
rotating speed of tempegsptnrenhaddusthentemganst anetbe haSlS of a fadmst
liquid to be coated on a next product substrate,
thickness detection signal from the film thickness
sensor.
Additional objects and advantages of the invention
will be set forth in the description which follows, and
10 in part will be obvious from the description, or may be
learned by practice of the invention. The objects
and- advantages of the invention may be realized
and obtained by means of the instrumentalities and
combinations particularly pointed out in the appended
15 claims.
BRIEF DES_CRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
20 and together with the general description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.
FIG. 1 is a schematic sectional view showing a
25 conventional apparatus;

FIG. 2 is a schematic plan view showing the

outline of an entire resist liquid coating phenomenon



- 6- and the tenperature of the upper surface of the product
substrate to feedback-control the resist coating step for the next
product .substrate. The filmthickness of the resist coating
filmis 5 preferably detected i medi ately after the resist

coating process is perfornmed or after the s%psgjate S cool ed.
Detection of the thickness of the resist coating filmnmay be
performed before the apparatus is operated, or may be perforned
every lot, i.e., twenty- 10 five substrates. |In addition, the

thi cknesses of th@ystem havi®y o coR@iingd ffillm o milite appaidtdises are
det ect ed, respectively, and the thickness of the coating filns

coated on the subgicicareld nehiteh tid lpreseitogessed iloat;er on the basis
of the detection information may be 15 controlled. - A

coating filmform ng api®.atudsae eeditipriad Hlock diagrgw eshentingiwdel i on,

characterized by conprising: a chanber, a spin chuck, arranged in

the chamber, for coating film forming apparatus according to the present
5 'invention;

FIG. 4 is a flow chart showing a series of
processing steps for detecting the thickness of a
coating film on each substrate;

FIG. 5 is a flow chart showing a film thickness

10 control procedure in a coating film forming method
according to the present invention;

FIG. 6A is a concept view showing.a typical resist
film thickness for explaininé an allowance range of a
variation in resist coating film, and FIG. 6B is a

15 thickness distribution view showing various profiles of
a resist coating film;

FIG. 7 is a flow chart showing the step of
measuring the thickness of a resist coating film by
using a measuring substrate according to the present

20 invention; and
| FIG. 8 is a séctional block diagram showing a
coating film forming apparatus according to another
embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION
25 : Preferred embodiments of the presént invention

will be described below with reference to the

accompanying drawings. In the following embodiment,



hol ding a substrate; a rotational drive means for spin- 20 rotating

the spin chuck; a resist liquid supply neans for supplying a
resist liquid to the substrate on the spin chuck; a filmthickness
sensor, arranged in the chanber, for detecting the thickness of a
resist coating filmfornmed on the upper gurgacg of 25 t he substrate;
first tenperature adjustnent neans for adjusting the tenperature
of the resist liquid to be coated on the substrate; second

t enperature -7-

adj ust ment neans 0 ad YHdrad o e AT NR Forififg apparatwaper surface
of the substrate; and control neans for contrdélling the rotational

drive neans, the accordirld & thepaiedlewnte iadlentidRnt smeppld icandd ke second

5 tenperature adjustnent nmeans on the basis of a film t hi ckness
detection signal fteshsthedating kipparatns for semdewnswiuctor wafer will
Addi ti onal objects and advantages of the invention wll be set

forth in the descheptdencnihesh edlawows, and
5 As shown in FIG. 2, a resiét coating phenomenon
process system 100 comprises a cassette station 33, a
first process station (resist coating process station)
40, first and second interface sections 50 and 50A, a
second process section (development process section)
10 60, and an exposure device 70.

In the cassette station 33, a sub-arm mechanism 31
and a delivery table 32 are arranged. 1In the cassette
station 33, an unprocessed wafer W is picked out of a-
first cassette 30a by the sub-arm mechanism 31, and the

15 wafer W is placed on the delivery table 32, positioned,
and then unloaded toward the first process station
40. The processed wafer W is loaded by the sub-arm
mechanism 31 through the delivery table 32 and stored
in a second cassette 30b. The wafer W and the second

20 cassette 30b having the wafer W stored therein are
unloaded out'of the cassette station 33 by a cassette
conveyer (not shown).

The first process station 40 is arranged adjacent
to the cassétte station 33. The first process station

25 40 comprises a plurality of process units 41, 42, 43,
44, and 45 for perfdrming én adhesion process, a resist

coating process, a pre-baking process, and a cooling



10 , in part will be obvious fromthe description, or may be

| earned by practice of the invention. The objects : and advant ages of
t he: invention may be realized and obtai ned by neans of the
instrumentalities and conbi nations particularly pointed out in the
appended 15 cl ai ns. BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF
THE DRAW NG The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the specification, illus- trate
presently preferred enbodi ments of the invention, 20 and together with

the gener al descr%g&bggsgtgeghgbggger Ww. and the detail ed description of
the preferred enb ments given bel ow, serve to explain the

principles of hbBethBVEBhtBR. of the first pr&t&sslstatdonchenakic
sectional view showing a 25 conventi onal apparatus; FI G

2 is a schematic piasayi eonybgWpaght 10a is arraﬁgéal.nerEmatemameamsu st
| i qui d coati ng phenonenon - 8-

mechanism 21 is arranged along the convey path 10a such

5 that the first main arm mechanism 21 can travel along
the convey path 10a. The first main arm mechanism 21
can move in the directions of an X axis, a Y axis, and
a % axis, and can be rotated about the % axis by 6.

The second process station 60 communicates

10 with the first process station 40 through the first
interface section 50. The second process station 60
also communicates with the exposure device 70 through
the second interface section 50A. The second process
station 60 comprises a plurality of process units 61

15 and 62 for developing and post-baking a coating
resist. The exposure device 70 is designed such that a
predetermined circuit pattern is exposed on the resist
coating film.

The linear convey path 10a is also arranged at the

20 center of the second process station 60. The first
main arm mechanism 21 is arrangea along the convey path
10a such that the first main arm mechanism 21 can
travel along the convey path 10a. The first main arm
mechanism 21 can move in the directions of the X axis,

25 the Y axis, and the Z axis, and can rotate about the 2
axis by 6.

Along the convey path 10a of the first process



system having a coating filmform ng apparatus according to the
present invention; FIG 3 is a sectional block diagram show ng
t het s coating filmform ng apparatus according to the present 5

i nventi on; FIG ‘4 is a flow chart show ng a series of
processing steps for detecting the thicknesg,of _a coating filmon
each substrate; FIG 5is a flowchart showng a film

t hi ckness 10 control procedure in a coating filmform ng method
according to the present invention; FIG 6A is a concept view

showi ng a typical ggggish 40, a thefbkﬁhhbhﬁ§ﬁﬁﬁ§ Eaetewhl 2N Reean
al | onance range of a variation in resiSt coating film and FIG 6B

is a 15 t hi ckapesiBnskethibngaoviay sbewing var bdisimed byestatking
a resist coating filny FIG 7 is a flow chart show ng the
step of maasadhegivhe sebitdbned2aotind neeosll ingatsieed ibnl dh2by
using a neasuring substrate according to the present 20 I nvention; and
FIG 8 is a secti onakabhoolthéragaad shewbaliag section dddmistg heialtm f or mi ng
appar atus accordi ng to anot her enbodi ment of the present
i nvention. s treatment section) 43 are arranged on one side of the
convey path 10a. On thé other side of the convey path
10a, the jet-water washing section 44 and two resist
coating apparatuses 45 are-arranged-adjacent to each
other in a line, the resist coating apparatus 45
10 and the béking section 43 are arranged opposite to
each other through the convey path 10a. Since the
resist coating apparatus 45 is spaced apart from the
baking section 43 by the convey path 10a as described
above, the resist coating apparatus 45 is not easily
15 influenced by heat from the baking section 43, and the
resist coating process can be preferably performed.

On one side of the convey path 10a of the second
process station 60, two baking sectioné (second heat
treatment sections) 61 are arranged in a line. The

20 baking sections 61 are designed to heat the resist film
after exposure. On the oéher hand, two developing
sections 62 are arranged on the other side of the
convey path 10a. Since the developing sections 62 are
spaced apart from the baking sections 61 by the convey

25 path 10a as described above, the developing sections 62

are not easily influenced by heat from the baking

sections 61, and the resist coating process can be



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25
of the present

Preferred enbodi nents

i nvention wi Il be described below with reference t

t he . acconpanyi ng drawi ngs. In the foll ow ng enbodi nent,
-9- a case wherein a coating filmform ng apparatus
according to the present invention is appligg tg a resi st coating

apparatus for sem conductor wafer wl|

be descri bed below. 5

As shown in FIG 2, a resist coating phenonenon process system 10

conprises a cassette station 33, a

first process station (resist

(0]

0

coating process spgkifefthbly perfotfedfirst and second interface sections 50

and 50A,

a

second process section (devel opnent process section)

10

60, and an exposure dewnscehén in FIG. 3, thel metlistcasaeting spparatus3, a

sub-arm nechani sm 31

cassette

10

15

20

25 .

and a delivery table 32 are arranged. In the
4bacooprisdesan pmpresesvesdsedf dd,Wai spdincicdaicdutl 2of aa

drain cup 13, a resist iiquid supply nozzle 14, a fan
filter unit (FFU) 17, a film thickness sensor 22, and a
CPU 23. The interior of the process vessel 11 is
partitioned from the atmosphere of a waver convey
section 10 by an external panel 1lc. The external
panel 1llc has a wafer loading/unloading port 1lla formed
therein,.and a wafer W is loaded/unloaded through the
wafer loading/unloading port lla. An opening/closing
shutter 11b is formed at the wafer loading/unloading
port 1lla. .

The spin chuck 12 rotated by a drive motor 16 is
arranged in the process vessel 11. The spin chuck 12
is not only rotated about the Z axis by 6 but also can
be vertically moved along the Z axis. The drive motor
16 is alsb connected to the output side of a CPU 23.

A sensor 90 is attached to the motor 16, for
detecting the number of revolutions of the spin chuck
12. -

The drain cup 13 is arranged to surround the outer
periphery and lower portion of the spin chuck 12. A
gas outlet port 13a and a liquid outlet port 13b are
formed in the bottom portion of the drain cup 13.

The nozzle 14 communicates with a resist liquid

supply source (not shown) through a supply pipe 18.



first.cassette 30a by the sub-arm mechanism 31, and the 15 wafer Wis

pl aced on the delivery table 32, positioned, and t hen ‘unl oaded
toward t.he first process station 40. The processed wafer Wis

| oaded by the sub-arm mechani sm 31 through the delivery table 32
and stored in a second cassette 30h., The wafer Wand the second

20 cassette 30b having the wafer Wstored therein are unl oaded
out of the cassette station 33 by a cassette conveyer (not shown).
The first process station 40 is arranged adj acent to the cassette

station 33. The fig erﬁi&‘-‘@lﬁﬁréts'ﬂédé&}: PP is fr&ﬁméaﬁ?stl?e Rbgtdd ty of
process units 41, 42 , and 45 for perform ng an adhesi on

process, a resist port of tHPald#WleILLLSFoOr aiem&tbﬁkq NehPrRSSra kb df
cool i ng process to

the wafer W the resigt Iiguidnt X wdsidte ]fiqxsid Premmssatainyd i on 40, a
| i near convey path 10a is arranged. A first nmain arm

adjusting unit 19 is attached to the supply pipe 18

5 immediately near the nozzle 14. The resist liquid
temperature adjusting unit 19 has a jacket surrounding
the supply pipe 18 such that a thermostatic liquid
whose temperature is adjusted is circulated and
supplied into the jacket. The resist liquid has a

10 temperature adjusted by the resist liquid temperature
adjusting unit 19 and discharged from the nozzle 14
toward the wafer W. A fan and a filter for supplying
clean air into the process vessel 11 a%e incorporated
in the FFU 17. The film thickness sensor 22 is

15 arranged near the spin chuck 12 and connected to the
input side of the CPU 23. A capacitor sensor is
employed as the film thickness sensor 22. In this
embodiment, although the film thickness sensor 22 is
arranged in the process vessel 11, the film thickness

20 sensor 22 may be arranged outside the coating unit to
detect the thickness.of a resist film coated on the ‘
upper surface of the wafer W.

Outsidé the resist coating apparatus 45, a wafer

temperature adjustiné unit (substrate femperature

25 adjustment means) 15 is arranged. A témperature

adjusting plate 15d is arranged in a chamber 15c of the

wafer temperature adjusting unit 15. A temperature



mechani sm 21 is arranged al ong the convey path 10a such 5 that the
first main arm nmechanism 21 can travel al ong the convey path 10a.
The: first main arm nechani sm 21 can nove in the directions of an X
axis, a Y axis, and a Z axis, and can be rotated about the Z axis
by [err]. The second process s%@tign 60 conmmuni cates 10

with the first process station 40 through thé first I nterface
section 50. The second process station 60 al so communi cates with

t he exposure device 70 through the second interface section 50A.

The second procesgensor 92 $52prBYiHEACEAPERECENAMBEY AbL! Y fol AE@E6ESng.
units 61 15 and 62 for devel opi ng and post-baking a coating

resist. The exposyhe davifaee’Qeinpedtatugtedfsytl whdbraWw placed on the
predetermned circuit pattern is exposed on the resist . coating

film tempbeaktureandjastdngpplht20asds alThe wafemg®diat hehéed20
center of the second process station 60. The first mai n arm
mechani sm 21 i s aprasgeded ongtheetemperptpaehadjustingl pdasgcRS5dhie t he
first main arm nechani sm 21 can travel along the convey path 10a.
The first gain arhave a tempezaimreniwhichadsmaddushednéodiar desiigRe of the X

axis, 25 the Y axis, and the Z axis, and can_rotate about .the Z
axis by [err]. temperature. A wafer loading/unloading. port 15a is

formed in the chamber 15c, and an opening/closing
shutter 15b controlled by the CPU 23 is arranged at the
wafer loading/unloading port 15a.. A power supply

10 circuit of a heater buried in the temperature adjusting
plate 15d is connected to the output side of the CPU
23. A piezo-element (electronic cooling element)
buried in the temperature adjusting pléte 15d is also
connected to the output side of the CPU 23.

15 The wafer loading/unloading port lla for a wafer W
is formed on one side surface of the process vessel 11,
and the opening/closing shutter 11b driven by a
cylinder (not shown) is attached to the port 1lla. The
servo motor 16 is arranged in the lower portion of the

20 process vessel 11, and the spin chuck 12 is rotated by
the servo motor 16. Furthermore, a vertical moving
means (not shown) for vertically moving the spin chuck
12 is arranged. The power supply circuits of the
vertical moving means and the servo motor 16 are

25 connected to the output side of the CPU 23, so that the
vertical movement and rotating speed of the spin chuck

12 are controlled at high precision.



Al ong the convey path 10a of the first process station
40, a the brush-washi ng section 41, the adhesi on secti on/ cooi ng
section 42 obtained by stacking an adhesi on section 42a and a

cool ing section 42b on each other, and the baking section (first
heat 5 treatnment section) 43 are arrangﬁd on one side of the

convey path 10a. On the other side of the convey path 10a, the

j et-water washing section 44 and two resist coati ng apparatuses 45
are arranged adj acent to each other in a line, the resist coating

apparatus 45 10 and galse cudhietd f%%t 'é%t“ﬁhé&vﬁ)%&ﬁﬁ%‘ic%&ﬁ%* W tho
each other through the convey pat h I nce resi st “coati ng

apparatus 45 is spaecGdRAptionO®ikdeecf a vaculAKplfps¢abitoBNGAN)Y folktis
convey path 10a as described above, the resist coating apparatus 45

is not easily 15an opeifingeriacdhey uppelr tuefatkeolfakhegspdat ichack3123nd
t he resi st coating process can be preferably perforned.
On one side of thandorohey wadftdr Wd sothefllde ometbrdupper surface of the

5 spin chuck 12 by vacuum adsorption.

An air feed port 1llc communicating with an air
supply source (not shown) is formed in the ceiling
portion of the process vessel 11; The filter 17 is
attached to the air feed port 1llc. Supplied air passes

10 through the filter 17 to be cleaned.

The resist supply nozzle 14 is on standby at a
position spaced apart from the spin chuck 12 when the
resist liquid supply-nozzle 14 is not-used. The
resist liquid supply nozzle 14 is moved to a position

15 immediately below the spin chuck 12 when the resist
liquid supply nozzle 14 is used.

The film thickness sensor 22 is arranged in the
process vessel 11 to detect the thicknéss of a resist .
coating film on the wafer W. A detection signal frém

20 the film thickness sensor 22 is input to the CPU 23.
On the basis of the input information and correlation
data (to be described later), the CPU 23 calculates the
optimum rotating speed of the spin chuck, the opfimum
temperature of the resist liquid, and the optimum

.25 temperature of the wafer W. The CPU 23 sends a command

signal corresponding to the optimum conditions to the

motor 16, the resist liquid temperature adjusting



process station 60, two baking sections (second heat t r eat ment

sections) 61 are arranged in a line. The 20 baki ng sections 61 are
designed to heat the resist film - after exposure. On the other
hand, two devel opi ng sections 62 are arranged on the other side of
t he convey path 10a. Since the dev?loping sections 62 are

spaced apart fromthe baking sections 617by Fhe‘convey 25 path 10a as
descri bed above, the devel oping sections 62 are not easily

i nfl uenced by heat fromthe baking"’ sections 61, and the resist

coating process Cali

e . .-
preferably perforneée 19, and the Wigeghgﬁﬂp?ﬁaﬁPff géj?ﬁglpgng%%c%gfing

appar at us : Inﬁﬁhﬁgﬁﬂﬁhﬁ%§,atpé0§ $h YRaeR! 131isarsehRealekedd a
drain cup 13, aresist liquid supply nozzle 14, a fan 5 filter unit

(FFU) 17, a film bprekiasEotaRIAG dpecddthe tempera@EHézaf the irBkgEtor of

the process vessel 11 is partitioned fromthe atnosphere of a waver
convey liquid is adjusted to the optimum temperature, and the
5 temperature of the wafer W is adjusted to the optimum
temperature.

The "correlation data" stored in the CPU 23 in
advance is defined as follows. As main parameters
which influence the thickness and profile (measure

10 representing the uniformity of a film thickness) of a
resist coating film, a resist liquid temperature,
a spin chuck rotating speed, and a wafér surface
temperature are used. Resists are coated on the wafers
W while these parameters are varied, and the film

15 thicknesses of the resultant resist coating films are
measured by a film-thickness meter incorporated in
the system. On the basis of the film thickness
measurement results, resist film thicknesses and
profiles corresponding to the parameters are processed

20 by software. The parameters at which a desired resist
film thickness and a desired profile can be obtained
are the '"correlation data“;

The thickness of a resist coating film is measured
by the film thickness sensor 22 at the following three

25 timings.
First, in an operation of the apparatus, a dummy

wafer Wd is held on the spin chuck 12, a resist liquid



section 10 by an external panel 11c. The external panel 1l1lc has a

waf er | oadi ng/ unl oadi ng port 1la forned 10 therein, and a wafer Wis
| oaded/ unl oaded t hrough t he waf er | oadi ng/ unl oadi ng port 1la. An
openi ng/ cl osi ng shutter 11b is fornmed at the wafer

| oadi ng/ unl oadi ng port 11la. The spin chuck 12 rotated
by a drive notor 16 is 15 arranged‘inlﬂhe'process vessel 11. The
spin chuck 12 is not only rotated about the Z axis by [err] but

al so can be vertically noved along the Z axis. The drive notor

16 is al so Connec&%ﬂc%%t%%f(%%&Rﬁgﬁﬁbggr%h %h%i?e%ist l%%gid ﬁggplgf Sensor

90 is attached tothe no ecting't nu
revol utions of thespiik GAUCK g th . h 12 i ey drgidy 13
is arranged to su%ﬁoun ?hé cuter SPl%?c Sgh pheﬁ? gﬁla!omér porf% n of
the spin chuck 12fofming a resd@dt Yhhe! AWerehIted)d thd ifGUnd thyckelesROr t
13b are 25 formed i n the bottom portion of the drain cup 13.
The nozzl e 14 comignimealses-ad.th a resist |iquid supply source (not
shown) through a supply pipe 18.

5 Second, film thicknesses are measured each time a

coating process for twenty-five wafers W of one lot is
completed. |

Third, a film thickness is measured each time a
coating process for each wafer W is completed.

10 As described above, a timing at which the
thickness of a resist coating film is measured is not
fixed. The timing can be made variable.

A control operation of the thickness of a resist
coating film will be described below with reference to

15 FIG. 5 and FIGS. 6A and 6B.

The wafer W is loaded into the process vessel 11
of the resist coating apparatus 45 by the wafer convey
arm mechanism 21Iand placed on the spin chuck 12, and
the shutter 11b is closed. Clean air is supplied from

20 the upper portion to the lower portion in the process
vessel 11, and the air is exhausted. through the gas
outlet poft 13a in the lower portion of the cup,
thereby forming a downflow of clean air. In this case,
the clean air supplied into the process vessel 11

25 is adjusted in temperature and humidity to have a
temperature and a humidity which are optimum for the

resist coating process. As described above, the



- 13 - A tenmperature sensor 91 is provided near the outl et

port of the nozzle 14, for detecting the tenperature of the resist
liquid. /Aresist liquid tenperature adjusting unit 19 is attached
to the supply pipe 18 5 i mmedi ately near the nozzle 14. The resist
l'iquid tenmperature adjusting unit 19 _has a jacket surrounding

the supply pipe 18 such that a thernnstar|c13|q0|d whose
tenperature is adjusted is circul ated and supplied into the jacket.
The resist liquid has a 10 tenperature adjusted by the resist liquid

tenperature 9$m§g%§§&%2gr§ b& %3? gfggughargggjhggghtgg ngzzle 14

toward the wafer pﬁylng cP8an air into

the process VeSSe§gé%r85§§hﬂceﬁﬁeéﬁﬁsd or the églgeecgﬁ éa'gr %sE[|m

t hi ckness sensor arranged near thie spin c

connected to the reb@QHtlihquoistQﬁpﬁ?9e33fr6mcéﬁéckEQEs€EE§QELHS
enpl oyed as the f|In1th|ckness sensor 22. In nbodi nent

al though the fil mshppeinassz3eniar odkol She wafer War aﬁageﬁel ap&hecﬁﬁekess
vessel 11, the filmthickness 20 sensor 22 may be arranged outside the

coati ng un5t to 12 is rodatedt atha pheabnesmn_édarbeat&hgf speedodbedaon
the predetermined period of time to diffuse the resist
liquid over the entire surface of the wafer W, thereby
forming a resist coating film.
After the resist coating film is formed as

10 described above, the spin chuck 12 is stopped, and the
thickness of the resist coating film is detected in the
following procedure. While the film thickness sensor
22 and the spin chuck 12 are relatively moved, the
thicknesses of the resist coating film at a plurality

15 of arbitrary portions (e.g., forty portions in one
wafer) of the wafer W are detected by the sensor 22
(step S17 (steps S27 and S37)). The CPU 23 checks
whether the detected film thicknesses are set within a
predetermined range (step S17-1). More specifically,

20 as shown in FIG. 6A, the CPU 23 checks whether the
detection thickness value is set within the range (t; -
ty) of an allowance upper limit value t; (mm) to an
allowance lower limit value t, (nm) with respect to an
ideal film thickness t0 (nm) (step S17-1). If NO in

25 step S17-1, the set rotating speed of the servo motor

16 is corrected to set the thickness of the resist

coating film within the allowance range t; - t,



upper. surface of the wafer W

Qut side the resist coating

apparatus 45, a wafer tenperature adjusting unit (substrate

t enper ature

25

adj ustmrent means) 15 is arranged. A tenperature

adjusting plate 15d is arranged in a chanber 15c of the waf er
tenperature adjusti-ng unit 15. A tenperatur

- 14 -

sensor 92 is provided in tﬁg chanmber 15c, for detecting

the surface tenperature of the wafer Wplaced on the t enperature
adjusting plate 15d. The wafer Wis heated or cooled on the

t enperature adjUSREQ%Pp%q%%.15@°Eoex§m€le'h§¥ag§gﬁg%%%%?ﬁgﬁﬁ%¥ﬂk&gg§§

adjusted to a desire

15a i s

tenperat are. oadi ng port

fornmchd 1t NargaReanl 3G, (AR , 2R heP@RItNHRMASINY speed of

shutter 15b controlled by the CPU 23 is~arranged at the waf er

| oadi ng/ unl oadi ng thHey motr 1B AGVEMcTeRRled. 1@n contiradt ttoofthdd)ediferhe
buried in the tenperature adjusting plate 15d is connected to the
output side of thee@8ured thickness value is smaller than t4 (mm), the

5

10

15

20

25

set rotating speed of the motor 16 is decreased. The
detection thickness values for starting a control
operation are set to be t; and t,, respectively, and
the allowance upper and lower limit values t; and t,
are not eﬁployed as the detection thickness values.
This is because delay of response to the control
operation is considered.

The CPU 23 checks whether the thickness of the
resist film is uniform, i.e., as shown in FIG. 6B,
whether the profile of the resist coating film is set
within the range of t; to t; (nm) (step S17-2). If the
profile of the resist film is out of the range of t; to
t,; (nm), at least one of adjustment of the temperature
of the resist liquid and adjustment of the temperature
of the wafer W is performed to make the film thickness
uniform (steps Sl§-1 and S18-2). For example, a
thickness tg (nm) of the central portion of the wafer W
is large, the temperature of the resist liquid is
decreased, or the temperature of the wafer W is
increased. On the other hand, a thickness tg (mm) of
the central portion of the wafer W is émall, the
temperature of the resist liquid is increased, or the

temperature of the wafer W is decreased.



23. A piezo-elenment (electronic cooling elenent) buried in the

tenperature adjusting plate 15d is al so connected to the out put
side of .the CPU 23. 15 The waf er | oadi ng/unl oading port 1la for a
waf er W is formed on one side surface of the process vessel 11

and the opening/closing shutter 11b driven by a cylinder (not
shown) is attached to the port l1lla. The = 2 = servo.notor 16 is arranged
in the |l ower portion of the 20 process vessel 11, and the spin chuck
12 is rotated by the servo notor 16. Furthernore, a vertica

121 8%arranged. Tho poll? Q%Es“@efi?%aiﬁé*—hﬁ#ﬂésg"&agg 187e5RbRE W8 ng

dth
et T bt STRCR-A PO 5

EhﬁSSP'n chuck 37y, anaztﬁée PQHtEﬂh&ﬁdraiaE%HgnQﬁééﬁs'Qﬂe resist
A gas outTet path (not s connunlcatlng W th
the adsorption sigeq@idatenpawatave) anat tﬁaomkeioeﬁﬁface temperature
5 are controlled to obtain an optimum film thickness and
an optimum profile.
With the above control operation, the thickness of
the resist film formed on the surface 5f the wafer
W can be set within the allowance range t; to t, |

10 (nm), and the profile of the resist film can be made
preferable.

In the above description, after it is checked
whether the film thickness is set within a
predetermined film thickness range, it is checked

15 whether the film thickness is uniform. However, this
order may be reversed. More specifically, after it is
checked whether the film thickness is uniform, it may
be checked whether the film thickness is set within the
predetermined film thickness range.

20 The resist coating apparatus according to the
present invention is incorporated in the resist coating
phenomenon system described above. However, the resist
coating apparatus can be used as an independent
apparatus.

25 A case wherein a wafer W is subjected to a resist
process by using the above system will be described

below with reference to the flow charts in FIGS. 4 and



an opening in the upper surface of the spin chuck 12, and the wafer

Wis held on the upper surface of the 5 spin chuck 12 by vacuum
adsor pt i-on. An air feed port 11c communicating with an air
supply source (not shown) is forned in the ceiling portion of the
process vessel 11. The filter 17 is - attached to the air feed port
11c. Supplied air passes 10 through‘th%lfirter 17 to be cl eaned.

The resist supply nozzle 14 is on standby at a position spaced
apart fromthe spin chuck 12 when the resist liquid supply nozzle

14 i s not d T ; €S| | Laud | le 14 | dt
pps:Fion Eze gﬁﬁﬁgiSbglyigéFg&PthgaépiZugﬁaggpigfmﬁen FLZ pggsst °a
liquid supply nozzle 1ﬁn'ﬁng§8gessed wafFr1?1t6I295E|thEQBCE?e Smd¢8g0r 22

is arranged in the _ rocess vesse etect the’'thickness of a
resist . coalbRothi! BheBetfe WBLebyEhé d8bEarmOReeh@Rdbmi 8@ 20
the filmthickness sensor 22 is input to the CPU 23. On the basis
of the input inf ogma&éanoandheoaéﬂaéryntable 32, dadacehtekeddesrhibed
later), the CPU 23 cal culates the optimumrotating speed of the
spin chuckg the ophfsMNWl is pickbdmgr diromethe Hbeivesiystabileuidd, bgnd t he
opti mum 25 tenperature of the wafer W The CPU 23 sends a conmand

main convey arm mechanism 20, and loaded from the
cassette station 33 into the first process station 40 .
(step S11). The wafer W1 is brush-washed by the brush-
washing section 41 and jet-water-washed by the jet-

10 water washing section 44. The wafer W1 is heated by an
adhesion section 42a and brought into contact with
hexamethyl disilane (HMDS) to be subjected to an
adhesion process (step S12).

Upon completion of the adhesion process, the wafer

15 W1l is cooled by the cooling section 42b and adjusted in
temperature by the wafer temperature adjusting unit 15
to have a temperature of, e.g., 23C (step S13).

Thereafter, the wafer W1l is loaded into the
process vessel 11 of the_resist coating apparatus 45

20 and placed on the spin chuck 12, and the opening/
closing shutter 11b is closed. Clean air is supplied
from the upper portion to the lower portion in the
_process vessel 11, and the air is exhausted through the
gas outlet port 13a in the lower portion of the cup,

25 thereby forming a downflow of clean air. 1In this case,
the clean air supplied into the process vessel 11

is adjusted in temperature and humidity to have



signal corresponding to the opti numconditions to the not or 16,
the resist liquid tenperature adjusting

- 16 - : unit 19, and the wafer tenperature adjusting unit 15.

In this manner, the spin chuck 12 is rotated at the. opti nmum
rotating speed, the tenperature of the resist liquid is adjusted to
the opti numtenperature, and the 5 renﬁ@rarure of the wafer Wis
adjusted to the optinmum t enper at ur e. The "correl ation
data" stored in the CPU 23 in advance is defined as follows. As

mai n paraneters Lch infl.uen t, t hi eknes n rLof i | sure
10 representiﬁgtfmgég%QQE%%%ﬁg %f%§mﬁ?ﬁ&yiﬁﬁﬁﬁﬁe§§% g é%um'%O&ngﬁggist
coating film a resissty il P BRBLALYLE: As descriBedPlaBotliCi Ot ating

speed, and a wafer surface tenperature are used. gesfsts are coated
on the wafers atmosYheiHd @roRese the! #Bes W 35Ca43huistda dd dhe film 15

t hi cknesses of the resultant resist coating filns aré
environment suitable for the resist coating process.
5 The nozzle 14 is located above the spin chuck 12,
and a resist liquid is poured onto the upper surface
of the wafer W, and the wafer W is rotated. 1In
this manner, a resist coating film having a desired
thickness is formed on the upper surface of the wafer
10 W1l (step S14).
Immediately after the resist coating step (S14),
thinner is poured from a lower surface washing nozzle
(not shown) onto the rear surface (lower surface) of
the wafer Wl1. When the wafer W1 is rotated, the
15 thinner and the resist adhered to the rear surface are
centrifugally removed from the rear surface of the
wafer W1.
After the resist coating process, the wafer Wl is
conveyed onto a delivery table 51 of the interface
20 section 50, picked up by the wafer convey arm 20 of the
developing process station 60, and conveyed onto a
table 51A of the interface section 50A. The wafer W is
positioned on the table 51A, conveyed into the exposure
device 70, and subjected to an exposure process in the
25 exposure device 70.
Upon completion of the exposure process, the wafer

W is conveyed into the baking section 61 of the



measured by a filmthickness neter incorporated in the system On

the basis of the filmthickness measurenent results, resist film

t hi‘cknesses and profiles corresponding to the paraneters are
processed 20 by software. The paraneters at which a desired resist
filmthickness and a desired profile can be obtained are the
"correlation data". The t hick@dss-of a resist coating filmis
measur ed by the filmthickness sensor 22 at the following three 25
ti mngs. First, in an operation of the apparatus, a dummy

f Wl i hel d i huck 12, eS| | ] id .
e VOIS e Ao opaent, BiorsaF FREtLOReOPcLhEPuBh, thg spprfece
| 14, dth i, k 12 i t d,,th b . i
e 1 o Ther ePRabr Bhal ahh 1Bk 8T b BRI sections 6T 28 Be

?gfo?s\énz 'y'][“l 52' \f\g?.gf:?%&for.eoﬁ%ﬁg%%ﬂgﬁé%ﬁohi B® 2he pre-baklfl pFoRLREess
the wafer W is conveyed into the developing section
5 62 and subjected to a deQelopment procéss in the

developing section 62. Upon completion of development
process, the wafer W is conveyed into the baking
section 61 again and heated to be post-baked. With
this post-baking process, the pattern strength of the

10 resist coating film is improved.

Upon completion of the post-baking process, the
wafer W is conveyed onto the delivery table 32 of the
cassette station 33 and stored in the cassette 30b by
the convey arm mechanism 31. When the-cassette 30b is

15 filled with processed wafers W, the processed wafers W
are unloaded from the system while the'wafers W are
stored in the cassette 30b. In this manner, the series
of resist processes for the wafer W are completed.

In the coating phenomenon system, conditions used

20 when a resist is coated on a product wafer W is set in
advance by using any one of the following tree methods,
and a resist coating film is formed according to the
set conditions. 1In this manner, the thickness of the
resist coating film can be made highly precise and

25 uniform.

According to the first method, befofe the coating

phenomenon system is operated (resist coating process



conpl et ed. Third, a filmthickness is nmeasured each tine a

coating process for each wafer Wis conpleted. 10 As descri bed
above, a timng at which the t hi ckness of a resist coating filmis
measured i s not fixed. The tim ng can be made vari abl e.

A control operation of the thickness of a resist coating filmwl|
be described below with reference to 15= 24F & 5 and FIGS. 6A and 6B
The wafer Wis |oaded into the process vessel 11 of the resist
coating apparatus 45 by the wafer convey arm nmechani sm 21 and

I d h [ h h
gi?C?s gnglsezp;28%15%8dUCt Wﬁgeﬁpﬁér BOPPW8§ %%E?%e% gﬁéfp SFFggﬁnFLe?Ee
Process 134 ?’%ﬁ? rlL;‘ cfldxt 'tiﬁ agr Fbgﬁ@éhﬂ&h%ﬂ G gBQEehh?rg S

outl et port ower porfidn o reby tormng a

dounf | ow of ‘¢l eancgll nob16N1e 6ALE: the dummy { b £ekeqR €7 FouRpli od | nto
the process vessel 11 Is adjusted I n tenperature and humdity to

have a . 1eyB8haktuteatifgd f1UfM Sn! ¥hehdGhmy" GagRld WdM f @het F81m
resi st coating process. As described above, the
5 thickness is measured, correlation data between coating

conditions (spin chuck rotating speed, resist'liquid
temperature, wafer temperature, and_the like) and the
measured film thickness is kept.

According to the second method, after all resist

10 coating phenomenon processes for twenty-five product
wafers W of one lot are completed, a resist coating
film is formed on the dummy wafer Wd. .The thickness of
the resist coating film is measured, and correlation
data between the coating conditions and the measured

15 film thickness is kept.

According to the third method, after resist
coating processes for the product wafers W are
completed, the thicknesses of the resist coating films
formed on the wafers W are measured, and correlation

20 data between the coating conditions and the measured
film thicknesses is kept.

When the correlation déta is to be kept, the -
thickness of the resist cdating film is preferably
measured after the reéist coating film formed on the

25 dummy wafer Wd or the product wafer W is heated by the
baking section 43 and cooled. This is because a

solvent contained in the resist coating film is removed



- 18 - at nosphere around the wafer Wis adjusted to an

environnent suitable for the resist coating process. A resi st
liquid iks supplied fromthe resist |iquid supply nozzle 14 onto
the wafer W and the spin chuck 5 12 is rotated at a predeterm ned
rotating speed for a - predetermned period of tine to diffuse the
resi st liquid over the entire surfad® of the wafer W thereby
formng a resist coating film After the resist coating film
is formed as 10 descri bed above, the spin chuck 12 is stopped, and the

t hi ckness of the resist coati filmis detected in, the follown
procedure. Wile (?%????%*?%)2&5é§§k%@%soﬁn§ the thl%@“%ﬁﬁ ?ﬁetgﬁiﬁeﬁh%Ekg

12 e Tl st Lvel e gREy Hify wepanen AURELDCTSHROPeARS, TERREERT 0O |
O e su7 (stare R BL RSl 55 LA SE e BlodbeuiORE eefroe
?gg o o '1; m }Vglrgéggg@g;laggﬁéyﬁﬁs%sb'an@ is prefePiBIp!&EFkAGHAr anGe
5 outside the resist coating apparatus 45. For example,
the film thickness sensor 22 is preferably attached to
the wafer convey arm mechanism 20.

In the first method, a resist coating film whose

thickness has been measured is completely removed from
10 the dummy wafer Wd, and the dummy wafer Wd can be used
for forming the correlation data again.

A case wherein the dummy wafer Wd is used to form
the correlation data; and the same dummy wafer Wd is
used to form other correlation data again will be

15 described below with reference to FIGS. 7 and 8.

As shown in FIG. 8, a hood 81 is arranged on the
upper portion of the brocess vessel 11.of the resist
coating apparatus 45. The hood 81 is detachably
arranged on the process vessel 11. A fan 80 and the

20 FFU 17 are arranged in the hood 81. The hood 81
communicates with the blower 84 through a duct 82. The
blower 84 communicates with an air supply source (not
shown) through a duct 85. The blower 84 has a drain
86. The output side of the CPU 23 is connected to the

25 power supply circuit of the blower 84. |

A sensor 95 is provided near the air-outlet port

of the FFU 17, for detecting the temperature and



20 as shown in FIG 6A, the CPU 23 checks whet her the
detection thickness value is set within the range (t[err] - t2) of
an *al | owance upper limt value t[err] (nnm to an al | owance | ower
limt value t[err] (nm wth respect to an “ideal filmthickness
tferr] (nm (step S17-1). If NOin 25 step S17-1, the set rotating
speed of the servo notor 16 is eor2écted to set the thickness of
t he resi st coating filmw thin the allowance range t[err] - tferr]
- 19 - (step S18). For exanmple, if the detection thickness
value is larger than tlerr] (ng), the set rotating speed of t he
notor 16 is incre @dqgﬁﬁ'%gn B4 this, if the measur ed
t hi ckness value is smal}ter than.t4.(nm, the. 5 set, rotating.speed of
the motor 16 is decread®§ FoPAEt il&“ld sﬁgpégtPBﬁz}ﬁigﬁn€§g 9aF‘é§R?5r
starting a contro engt i te b 3 ,

Eupply nozgﬁ% 23! 'a%d %E%aigép gﬁd%P% ?Qﬁe%étves e&sll.

respectively, and e al'l owanceup [ valu

f/gleLrG]S and t[err] ohe nozzle?P? ROmeRA¥Ed @3thha YRiARLKORahW (kBess
| 5 shown) through a supply pipe 25 and a mass-flow
controller (not shown). The nozzle 24 is supported by
a nozzle moving mechanism (not shown) such that the
nozzle 24 can be moved between the upper position and
standby position of the spin chuck 12. The nozzle
10 moving mechanism and the mass-flow controller are
connected to the output side of the CPU 23, and the
.timings of the nozzle moving operation and the thinner
supply operation are controlled by the CPU 23.
A dummy wafer temperature adjusting unit 15A is
15 arranged near the resist coating apparatus 45, and a
dummy wafer Wd is placed on the stage 15D. The dummy
wafer stage 15D has a heating means anq a cooling means
which are arranged to adjust the temperature of the
dummy wafer Wd.
20 A proéeduré of forming correlation data will be
described below.

A dummy wafer Wd is picked up from the dummy wafer
stage 15D by the convey arm mechanism 20 (step S1) and
conveyed into the cooling section 42b to be cooled to a

25 predetermined temperature (step S2). Upon completion
of the cooling process, the dummy wafer Wd is conveyed

into the resist coating apparatus 45 and placed on the



10 This is because delay of response to the control operation

I s consi dered. The CPU 23 checks whet her the thickness of the
resist kilmis uniform i.e., as showmn in FIG 6B, whet her the
profile of the resist coating filmis set 15 wi thin the range of
t[err] to t[err] (nm (step S17-2). |If the profile of the resist
filmis out of the range of t[err] to - 27 tlerr] (nm, at |least one. of
adj ust mrent of the tenperature of the resist liquid and adjustnment
of the tenperature of the wafer Wis perfornmed to nmake the film

lﬁﬂiﬁiﬂii% corr) Rip GRopkciechs, B perdl By arepketiffe, & BPofesd |
. the t h i i quid..i . A ,
tommerature of tnatiRpRRerh SrbaRuctnt! flhily fater ya, 15 GHERREE; 7 1"

thickness tlerr] (nm Rfreg?st 1ig£?ﬁe§§”Eﬁgklﬁggh%gamoﬁhéhﬁo%@iér1¥Vi5

smal |, the tenperature o resi I'sS I ncreased, or the
tenperature of thgngf eheippedech®2ald of the dummy wafer Wd, and the

0 S spin chuck 12 is rotated, thereby forming a resist
coating film on the upper surface of the dummy wafer Wd
(step S3).
The dummy wafer Wd is loaded into the baking

section 43 and heated under predetermined conditions to

10 bake the resist coating film (step S4). The baked
dummy wafer Wd is cooled to room temperature (step
S5), and the thickness of the resist coating film
is detected by the film thickness sensor 22 (step
S6). When a detection signal is sent from the film

15 thickness sensor 22 to the CPU 23, the CPU 23 retrieves
preliminary correlation data from the memory section,
and the CPU 23 calculates the correction amount of the
set rotating speed of the motor on the basis of the
preliminary correlation data and the detection film

20 thickness informatioﬁ;"The CPU 23 sends a signal
corresponding to the correction amount of the motor set
rotating speed to the power supply circuit of the drive
motor 16 to correct the rotating speed of the spin
chuck 12 (step S7). |

25 Here, the "preliminary correlation data" is data

which has been obtained with respect to correlation

between the resist coating conditions (the rotating



The detection filmthickness data is fedback to t he subsequent

resi st coating process (steps 27 and 37), and the spin chuck
rotati ng speed, the resist liquid tenperature, and the wafer
surface tenperature 5 are controlled to obtain an optinmumfilm

t hi ckness and an optimum profile. Wth the above
control operation, the thickness of - 28nhe-resist filmformed on the
surface of the wafer Wcan be set within the allowance range t[err]
to t[err] 10 (nm, and the profile of the resist film can be nade

preferabl e d of 'thd *Slgatfe\?\zﬂ;’%h%e}‘éﬂdp%&ja%re?g:ﬁrtﬂet e sfiecked

whet her the film {1 ckness 1§ p termned f1lm

thickness range, ific;i]x.}%’.scf:,h%q:helorﬁvc?efrer Wheidil ttlé?nggga Nbrgc‘&fh‘%ﬁ%g{;eéal ly

uniform However, t may be rever speci

after it is med=ieE & 1E WHlc i o IHyulsiingK RAES duswiy WaeB wd Y

be checked whether the filmthickness is sét wthin the .
predeternm ned fil mridtindengsss Mtaige. (e.4f., in an expedimaitstrosggt.i ng
apparatus according to the present invention is incorporated in the

resi st coaii ng rhestoeer8ih dasstraibede saboiviegd nalkoonl yHokey ergt t he
resi st coating apparatus can be used as an i ndependent
rotating speed of the spin chuck driving motor, but
also the temperature of the supplied resist liquid and
the surface temperature of the wafer may be controlled.
As described above, the film thickness detection
10 information is fedback to the resist coating step for
the next product wafer W to correct the set rotating
speed of the drive motor 16, the temperature of the
supplied resist liquid, and the surface temperature of
the wafer, thereby making the thicknes; of a resist
15 film formed on the next product wafer W highly precise.
Upon completion of the film thickness detection,
te resist coating film is removed from the dummy wafer
Wd (step S8), and the dummy wafer Wd is caused to be
return onto the dummy wafer stage 15A (step S9). The
20 dummy wafer W which returns cén be used again to form
next preliminary correlation data. In this case, the
dumnmy wafer Wd may be conveyed into the resist coating
apparatus 45 and poured with thinner from the nozzle 24
to remove the resist coating film from the dummy wafer
25 wd. .

In the third embodiment, the thickness of a resist

film formed on the first wafer W1 is detected by the



apparatus. 25 - A case wherein a wafer Wis subjected to a resi st

process by using the above systemw || be described bel ow with
ref'erence to the flow charts in FIGS. 4 and

- 21 - 5 and the views in FIGS. 2 and 3. : An
unprocessed wafer Werr] (first wafer) is repoved fromthe cassette
30a by the sub-arm nmechani sm 31, “plated on the delivery table 32,
and centered. The 5 wafer WL is picked up fromthe delivery table 32
by a mai n convey arm nmechani sm 20, and | oaded fromthe

cassette station 33 i he, f] tati 4Q )
The wafer W : S bﬁ?@%géxg%%egnb%ﬁ%%eg{)?ﬁﬁ@"ﬁ £ I]Pft;'\/\/<a4$'i'|ianrglgd s%ttlzét %Iﬁf’f? i%]d

j et-wat er -washed ggrf@@tée£h%hégt rot¥BI6G VS "Wt SEd | S dd- motidie ve@f er

WL is heated by an adhesion secti©®n 42a and brought into contact

with - hexapptiyds ghgikage {hBDB 14 OcREckRADE£CAEEedOidN result
adhesi on process (step S12).
(step S18). The spin chuck 12 is rotated at the
5 corrected set rotating speed, and a resist is coated on
a second wafer W2 (step S24). Similarly, the thickness
of the resist film formed on the second wafer W2 is
detected by the sensor 22 (step S27), and the CPU 23
corrects the set rotating speed of the drive motor 16
10 on the basis of the film thickness detection result
(step S28). The spin chuck 12 is rotated at the
corrected set rotating speed, and a resist is coated on
a third wafer W3 (step S34). Similarly, the thickness
of the resist film formed on the third wafer W3 is
15 detected by the sensor 22 (step S37), and the CPU 23
corrects the set rotating speed of the drive motor 16
" on the basis of the film thickness detection result
(step S$38). While the spin chuck 12 is rotated at the
' corrected set rotating speed, a resist is coated on a
20 _fourth wafer W4.

When the detection value detected by the film
thickness sensor 22 is out of a proper range which has
been stored, for example, when the film thickness
sensor 22 is out of order, a program is preferably

25 formed to cause a lamp or alarm buézer-to inform an
operator that the film thickness sensor 22 is out

of order and to output a command for stooping the



Upon .conpl etion of the adhesion process, the wafer 15 WL i s cool ed by

the cooling section 42b and adjusted in tenperature by the wafer

t efperature adjusting unit 15 to have a tenperature of, e.qg.
23[err] C (step S13). Thereafter, the wafer W is | oaded i nt o
t he process vessel 11 of the resist coatlng apparatus 45 20

and pl aced on the spin chuck 12, and the‘op% I ng/ cl osing shutter
11b is closed. Clean air is supplied fromthe upper portion to the
Iﬁmer portion in the process vessel 11, and the air is exhausted

t hrough the t ri [ o) ope Of the cup,

25 t her eby f Pl 93@18% $F g§/0?§§$%aﬁo%?fné %ﬁﬁaﬁgéﬁ%agg : P t he

clean air supplied 'ntﬂst&@s £5?Bé&5aﬂé§ée|wﬁén the film £hfekHEs80ot Nthe
tenperature and hum dity to have

22 - aré SUDET BbAE EngNEli fm oW1 ShéN WREEH W' s OpbtEvERAT ahlie
resi st coating process. As described above, the at nosphere around
the wafer Wis adié¢si€tl &6aBing operations for subsequent product wafers

5 W are sequentially controlled on the basis of the
detection information, resist coating films having
higher precision can be obtained.

[Examples]
In order examine an effect obtained by the film

10 thickness control described above, an experiment for
coating a resist liquid on a silicon wafer W under the
following conditions was performed. In this case, the
results shown in Table 1 were obtained with respect to
Examples 1 to 4.

15 Experiment Conditions

Example 1: An external environment temperature was
consciously changed from 22°C to 24°C (assume that no
atmospheric temperature/humidity adjus;ing device was
used).

20 Example 2: An external environment temperature was
consciously changed from 24°C to 22°C (assume that no
atmospheric temperature/humidity adjustment device was
used).

Example 3: An external environment humidity was

25 consciously changed from 40% to 35% (assume that no

atmospheric temperature/humidity adjustment device was

used).



environment suitable for the resist coating process. 5 The
nozzle 14 is | ocated above the spin chuck 12, and a resist liquid
i s ‘poured onto the upper surface of the wafer Werr] and the wafer
Wis rotated. In this manner, a resist coating filmhaving a
desired t hi ckness is fornmed on the ypper surface of the wafer 10
Werr] (step S14). Innediafel9 affer the resist coating step
(S14), thinner is poured froma | ower surface washing nozzle

(not shown) onto the rear surface (|l ower surface) of t he waf er

Werr]. Wen the vafer gWbapik P% hﬁt@k@grnﬁﬂeen$§ronmenkhhﬁﬂﬁﬁi@%ﬁv&%efrom

resi st adhered to the rear“surface are centrifugally re

the rear surface gbntB8ously chanyelietr¥heBbk to 40% (assume Ahber nbhe
resi st coating process, the wafer "Werr] is conveyed onto a
delivery table 5lagmobbheritetbaperatire/humi@itiyoadiustipenkedeviiclywhbe
waf er convey arm 20 of the devel opi ng process station 60, and
conveyed onto a used). table 51A of the interface section 50A. The wafer
Wis positioned on the table 51A conveyed into the exposure

devi ce 70, s5and subj ect 8dresist dsigoddr wagr coeted ant twenty-fiveewpdeuse
devi ce 70. Upon conpl etion of the exposure process, the wafer
Wis conveyed i nt 8nde& AR a§ovecexprrérept cpaditions to obtain samples

acdording to Examples 1 to 4. The results shown in
Table 1 were obtained from the samples of the Examples.

-Table 1

10 External Environmental |Film Thickness
Atmosphere State Range (nm)

Example
Example
Example
Example

Temperature: 22C to 24T
Temperature: 24°C to 22T
humidity: 40% to 35%
humidity: 35% to 40%

W N =
b
=W~

Comparative
Example 10.0

15

In Comparative Example, a resist was coated on
twenty-five wafers W by using a conventional method in
which film thickness adjustment was not performed, and
the film thickness range was calculated. Here, the

20 "film thickhgss range" is the difference between the
maximum and minimum values of the thicknesses of the
resist coating films. It is true that the thickness
of the resist coating film becomes uniform as the
film thickness range decreases. As is apparent

25 from the above results, it was found that the film
thickness range (10 nm) was smaller than the film

thickness ranges (7.6 nm, 5.7 nm, 4.3 nm, and 6.1 nm)



- 23.- devel opnment process section 60 through the interface

section 50A and heated in the baking sections 61 to be pr e- baked.
Upon conpl etion of the pre-baking process, the wafer Wis conveyed
into the devel oping section 5 62 and subjected to a devel opnent
process in the devel opi ng section 6§ Upon conpl etion of

devel opnent process, the wafer Wis %onVeyed I nto the baking
section 61 again and heated to be post-baked. Wth t hi s post - baki ng
process, the pattern strength of the 10 resist coating filmis

| mpr oved. oppl gtio 5 i r s, the
wafer Wis convey %ﬁ?% ?ﬁg ge??very @gg% b gcg?§%%£ﬁ§'nghg nggsette

station 33 and stgpedkh8skh@afigescbEcErpd¥s 1 to 4 +EQuESMWEYaBoit
mechani sm 31. When the cassette 30b is E filled with processed

wafers W the prorgtsedfweher §i¥h thicknes8r eahigé oafleComparat iree Spsample

while the wafers Ware stored in the cassette 30b. In this manner,
the series (conventional method).
5 According to the present invention, the thickness

of a resist coating film can be made high precise and
uniform without using an atmospheric temperature/
humidity adjustment device.

Although the embodiment describes the case

10 wherein the present invention is applied to a coating
phenomenon processing system for semiconductor wafer,
the present invention can also be applied to another
substrate such as an LCD glass substrate.

According to the present invention, the effects as

15 described in (1) to (3) can be obtained.

(1) The thickness of a resist coating film formed
on a substrate surface is detected in a coating film
forming.apparatus, and, on the basis of the detection
information, the rotating speed of the substrate, the

20 temperature of a resist liquid, and the temperature of
the substrate are adjusted. In this manner, the
thickness of the resist coating film can be made close
to a target thickness, and the film thickness can be
made uniform. For this reason, the thickness of the

25 resist coatiﬁg film can be controlled without a special
dedicated atmospheric temperature/humidity adjustment

device. Therefore, the apparatus can be reduced in



of resist processes for the wafer Ware conpl et ed. In the
coati ng phenonenon system conditions used 20 when a resist is coated
on ‘a proeduct wafer Wis set in ' advance by using any one of the
foll owi ng tree nethods, and a resist coating filmis forned
according to the set conditions. I§3tth manner, the thickness of
t he resist coating filmcan be nadé€~hi ghly precise and 25

uni form According to the first nethod, before the coating
phenonenon systemis operated (resist coating process

- 24- E9peproduct wafer W, a dummy wafer Wi is placed on

the spin chuck 12, a resist liquid is poured from the nozzle 14

onto the dummy wafer Wj2h0 fraeMchiickness ofeal Fbs§ed! cdathingmEanmt Ferfeamy
wafer WI. The film 5 t hi ckness is neasured, correlation data between

coating condat damay( spfercigcheaguaed)ganfdgedn nthel daslilsqoifdthe
tenperature, wafer tenperature, and the |like) and the
detection information, the rotating speed of the wafer,
5 the temperature of a resist liquid, and the temperature
of the wafer are adjusted. For this reason, the
dummy wafer can be effectively used, and é yield of
production wafers can be improved.
(3) After the thickness of a res;st coating film

10 formed on a dummy wafer is measured, the resist coating
film is removed from the dummy wafer, and a resist
coating film is formed on the dummy wafer again. When
the thickness of the resist coating film is measured,
the dummy wafer can be effectively used.

15 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

20 modifications may be made.without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



measur ed filn1th|ckness IS kept. According to the second
met homhnsﬂfeétﬁasﬁéehkim% coati ng phenonenon processes for

twenty mafers W of one lot are conpleted, a resist
coatln is formed on the dumy wafer Wi. The thickness of

the resis rMEl | mis measured, and correlation dat a between
the coating condltlons and the neasured -1534 -filmthickness is kept.
According to the third nethod, after resist coating processes for
t he product wafers Ware conpl eted, the thicknesses of the resist
coating filns formed on the maferéLgigée measured, and correl ation
20 data between the coating condition t he nmeasured film

thi cknesses is kept. goatingBein! S fiohbehathon ga&ag@m&agbs kept,

t he t hi ckness of #he residt “toat ng MmTsS prefe

measur ed af ter th?eﬁﬁétskoﬁei‘hén R ﬁhf 2h"GgpaR %ﬁgfagé of adH ggr Wi

or the product wafer Wis heat I ng sectlon

cooled. This is bgeddsByda spin chuénlyana EHQ&BéBedchBrEEQeE§§éatb9oat'ng
filmis renoved -

5 . comprising:

(a) the step of keeping preliminary correlation
data representing correlation between a rotating speed
of said substrate, the temperature of a resist liquid
to be coated, and the temperature of the ﬁpper surface

10 of said substrate and the thickness of the resist
coating film formed on said substrate in said chamber;

(b) the step of conveying said substrate into said
chamber and holding said substrate by said spin chuck;

| (c) the step of pouring the resist liquid onto
15 said substrate and spin-rotating said substrate to form
a resist coating film on the upper surface of said
substrate; |

(d) the step of detecting the thickness of the

resist coating film formed on the upper surface of said
20 . substrate by film thickness detection means;

(e) the step of detecting a rotating speed of said
spin chuck by rotating speed detection'means; and

(f) the step of, on the basis of the detected film
thickness, the detected rotating speed, and the

25 preliminary correlation data, correcting a set rotating
speed of said spin chuck to feedback-control a resist

coating process for a next substrate.

*C L M S *




coatrhifishebtiHaBdeR REpIHR& St abl e.

25 -

(evapor at ed) by baking, and the thickness of the resist

22 i in the resist coating apparatus 45, and is

pr ef 5 outside the resist coating apparatus 45. For
exanpl'e, e filmthickness sensor 22 is preferably attached to
the wafer convey arm nechani sm 20. - 35 -Inthe first nethod, a

resi st coating filmwhose
renoved from 10
for formng the correlation data again. _, . A case

dummy wafer Wi i s usedto &dpekhod accoxding g é:l]eﬁli"br?"dd’fshf,r%’rfh the sane

dumy wafer WI is used o form.other correlati.on data
descri bed bel ovFWtff’lt?%f{ﬁ)e 34

15

Therefore, the film t hi ckness sensor

t hi ckness has been neasured is conpletely

t he dummy wafer Wi, and the dummy wafer Wi can be used

wherein the

el sas) e Stes S kdepting

be

hown in FIG 8, d. 81 | d h i o h
pr ocess ) ot R o ST UL ronpesent B pdA AN, £)°

process vessel
i s detachably

20

vapreff APCEREb 0,050 H0RE, it Teg 0 avitde

FFU 17 are arrang

5

10

15

20

25

on said substrate and the thickness of a resist coating
film formed on said substrate in said chamber;

the step (e) further comprises the step of
detecting the temperature of the resist liquid
immediately before the resist liquid is coated on said
substrate; and

the step (f) further comprises the step of
correcting the temperature of a resist liquid to be
coated on a next substrate on the basis of the detected
temperature, the detected film thickness, and the
preliminary correlation data.

3. A method according to claim 1, wherein

the step (a) further comprises the step of keeping
preliminary correlation data representing correlation
between the temperature of the upper surface of said
substrate and the thickness of a resist coating film
formed on said substrate in said chamber;

the step (e) further comprises the step of
detecting the temperature of the upper surface of said
substrate immediately before a resist liquid is coated
on said substrate; and

the step (f) further comprises the step of

correcting the temperature of an upper surface

e
0 g



connunicates-ﬂk%h—%he—blomer 84 through a duct 82. The- bl ower 84

mnth an alr supply source (not shown) through a duct
rm}@! ﬁiﬁ“ & a drain 86. The output side of the CPU 23 is

conne power supply circuit of the bl ower 84.

A sen ded near the alr-outlet port of the FFU 17,
for detecting the t enperature and 36 -
26 - hum dity of the air. The resist liquid supply
nozzl e 14 and a thinner supply nozzle 24 are arranged in the

process vessel 11. he nqQ Ie 2 t hi t ank

(not 5 shoM) & H‘iedifgﬁ""l’ ZZ nmml ca#&jgevm# g\ﬁ ed MMM 1T

controller (not omm The nQﬁEh%ﬁ% ﬁ%ﬁqﬁﬂ%{%%ﬂé%ﬁesﬁ %ﬁ? hd! ozzle
nozzl'e

novi ng nmechani sm can be noved

bet ween t he upper dby position of the spin chuck
12. The nozzl e fﬁgﬁ%ﬂhJ&HQa%%rre %ﬁﬁﬂﬂn21 ‘the nass-f.low controller are

connected to the outpyf S'Pp‘?néﬁhéd‘eacgaolfd%.%g g diim 1, wherein

5 after the resist coating film is heated by baking
and then cooled, the thickness of the resist coating
film is measured in the film thickness detection step
(d).

5. A method according to claim 1, whereiﬁ

10 the thickness of the resist coating film is
detected in said chamber in the step (d), on the basis
of the detection information, thicknesses of resist
coating films on subsequent substrates are sequentially
controlled.. |

15 6. A method according to claim l; wherein

in the step (d), thicknesses of the resist coating
film at a plurality of positions while said substrate
on said spin chuck and said thickness detection means
are relatively moved.

20 7. A method aécording to claim 1, wherein

the thickness of the resist coating film in the
step (d) is measured each time resist coating is
performed to tweﬁty-five substrates of one lot.

8. A method according to claim 1, wherein

25 the thickness of the resist coating film in the
step (d) is measured each time resist coating is

performed to each substrate.

* c L M s *




I mNge supply

opeqﬁg Q0 ar controlled by the CPU 23. A dummy waf er
m Fﬁg unit 15A is 15 arranged near the resist coating

app dummy wafer Wil is placed on the stage 15D. The

er stage 15D has a heating nmeans and a cooling neans -

mhlch are arranged to adjust the tenperaturd of-the dummy waf er

Wi. 20 A procedure of formng correlation data will be

de?cribed bel ow. A dumry wafer Wi is picked up fromthe dunmmy

waf er stage 15D b onve n1necha sn1 ep .S1) and

conveyed into the goolq ‘ng ?BW @fdyqrg %Ip :

predeterm ned tenperature (step S c Iet|0

cool i ng process, the dimAF (’Wa‘??g} R’% ber 3 Contﬁout%e rée}% §

Cogt7l 19 apparat % 45nsa*"%rPu (]k %q% %J%eladl t?ytmacfspglrepﬁ? oan]?0 A’%rsoa}:ledss _
substrate on said spin chuck to an atmosphere suitable

5 for a resist coating pfocess.

10. A coating film forming method for forming a
resist coating film on an upper surface of a substrate
held by a spin chuck in a chamber, chafacterized by
comprising: |

10 (A) the step of keeping preliminary correlation
data representing correlation between a rotating speed
of a dummy substrate rotated by said spin chuck and the
dummy thickness of the resist coating film formed on |
said substrate in said chamber;

15 (B) the step of conveying said product substrate
into said chamber and holding said product substrate by
said spin chuck;

(C) the step of pouring the resist liquid onto
said product substrate and spin-rotatiﬁg said product

20 substrate to form a resist coating film on the upper
surface of said product substrate;

(D) the step of detecting the thickness of the
resist coating film formed on the upper surface of said
prodﬁct substrate by film thickness detection means;

25 (E) the step of detecting the rotating speed of
said spin chuck by rotating speed detection means; and

(F) the step of, on the basis of detected film

AU



at nospher e -around—the dummy wafer Wl i s adj usted. A resi st

liquidis supplied fromthe nozzle 14 onto the upper surface of the
dunmfh fHangeen Jep1ACEHe 5 spin chuck 12 is rotated, thereby fornmng a
resi st i\“ m‘ ng filmon the upper surface of. the dumry wafer Wi
(step The dummy wafer WI is | oaded into the baking
section 43 and heated under predetermn ned cthditions to 10 bake the
resist coating film(step S4). The baked dumy wafer Wi is cool ed
to r_oom]Eelrrperature (step S5), and the thickness of the resist
coating film . Js detected, by the. fil.m.thickness, sensor, .22 (ste

S6). When a det ectHifkRegfinI the %eee%c?‘?%rﬁ‘?%t]frfq RPeRd, ang the n((ass gensor

22 to the CPU 23, the. CPU 23 retrifves | 1d Y. | at a
fromthe menory SRECTTON-EEY COEréalﬁ%tJt%ne %?f‘%%écu ia}?%sa %{ ?ocféra{eé(}tr}f%n

amount of the S td s&gﬁg( t - } t he
preli m'_nfary correﬁ%?el%ngéa%%ﬁgn%ﬁ%he et eg‘%ol oir‘lli'e\:f(|ﬁ?é;nc19€ Z%Hhéf@lt %‘(S:%(énsegst
i nformati on. Thfc%&@é PROESs & FbPNRInext prod¥@ rasRdnchid. to the

correction anoun the notor set , rotating speed to the power
supply cirguit of therflli V& method ad®éedidd t® €DdimwCl0f hehexddiing speed

of the spin chuck 12 (step S7). .
the step (A) further comprises the step of keeping
pieliminary correlation data represent;ng correlation
between the temperature of a resist liquid to be_coated
on said dummy substrate and the thickness of a resist
10 coating film formed on said dummy substrate in said
chamber;
the step (E) further comprises the step of
detecting the temperature of the resist liquid
immediately before the resist liquid is coated on said
15 product substrate; and
the step (F) further comprises thé step of
correcting the temperature of a resist liquid to be
coated on a next product substrate on the basis of the
detected temperature, the detected filﬁ thickness, and
20 the preliminary correlation data.
12. A.méthod according to claim 10, wherein
the step (A) further comprises the step of keeping
preliminary correlation data representing correlation
between the temperature.of tﬁe upper surface of said
25 dummy substrate and the thickness of a resist coating

film formed on said dummy substrate in said chamber;

the step (E) further comprises the step of

| ) A :



25 ~—————~—+¥W‘—”The—7brelininary correlation data" is data whi ch

has b prelon gﬁgg 1dckd. respect to correlation bet ween the resi st
coatl he rotating -
28 - of the wafer, the tenperature of the resist
I|qU|d surface tenperature) and the measured film
t hi ckness by u3|ng the dummy wafer Wi at- 39 - another position (é.g.,
in an experinment roon). 5 In step S7 descri bed above, not only
t he set rotating speed of the spin chuck driving notor, but
al so the tenperatyre of the sup I|ed re5|st uid and e surface
t enper at ure of th% Frel§D S RATAH tl the upper surﬁfsactfeéé]
above, the filmthickness det.ect.ion natlon |s f.edback fa the
resist coating stpgéj‘#(‘bcr substr at‘tﬂém??e‘%& trﬁ’]é’dg’cet gr‘r‘iift‘tCf
set rotating f ot 6, tenperature of the
supplied resist | mw%f@ﬁ%%hd ur ace errpera ur eéo t he wafer,
thereby making the thigidessPl (A "AfitHer comprises the step of

5 correcting the temperature of an upper surface of a

next product substrate on the basis of the detected
temperature, the detected film thickness, and the
preliminary correlation data.
13. A method according to claim 10, wherein
10 . after the resist coating film is heated by baking
and then cooled, the thickness of the resist coating
film is measured in the film thickness detection step
(D).
14. A method according to claim 10, wherein
15 after the thickness of the resist coating film
formed on said dummy substrate is detected, the resist
coating film is removed from said dummy substrate, and
said dummy substrate is used in the step (A) again to
keep another preliminary correlation data.
20 15. A method according to claim 13, wherein
after the thickness ef the resist coating film
formed on said dummy substrate is detected, the resist
coating film is removed from said dummy substrate, and
said dummy substrate is used in the step (A) again to
25 keep another preliminary correlation data.
16. - A method according to claim 10, wherein

an atmosphere in said chamber is controlled before

A ) O A



15 ——__LLLHLLQLHEQ_%Q_¥he next product wafer Whighly precise.

Upon conpl étion of the Tilmthickness detection, te resist coating

fil'm iTéﬂsiéthHae(Beén Jeﬂe dummy waf er Wil (step S8), and the dummy
e

waf er Vg return onto the dummy wafer stage 15A
(step dummy wafer Wwhich returns can be used again to-
form '- n elimnary correlation4dhta: In this case, the

dummy wafer Wi may be conveyed into the resist coating appar at us
45 and poured with thinner fromthe nozzle 24 ~ to renove the resi st
coating filmfromthe du waf fhe third

er .25 Wi I n
embodi nent, the tHREKFESR (F) o&£9 adiyst an atmosphere frprpd, £ first

Sensor 22 in st ot STEURAOR PG SRR FRPTHELAR AEmosBhere yitalTe o
ol Lokl 19, SPeCh GR A CodBRY dlbgg. 1,07 DRSLE %) (1 DL
at the "~ 17. A method according to claim 10, wherein
5 the thickness of the resist coating film in the
step (D) is measured each time resist coating is
performed to twenty-five substrates of.one lot.
18. A method according to claim 10, wherein
the thickness of the resist coating film in the
10 step (D) is measured each time resist coating is
performed to each substrate.
19. A method according to claim 10, wherein
in the step (D), thicknesses of the resist coating
film at a plurality of positions while said substrate
15 on said spin chuck and said thickness detection means
are relatively moved.
20. A coating film forming apparatus for supplying
a resist liquid onto an upper surface of a substrate
and spin-rotating said substrate to form a resist
20 coating film on the upper surface of said substrate,
comprising:
a chamber;
a spin chuck, arranged in said chamber, for
holding said substrate;
25 rotational driving means for spin-rotating said
spin chuck;

resist liquid supply means for supplying the

R
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5 corrected speed, and a resist is coated on a

second wafer W ‘J‘*darly t he thickness of the resist
filmformed on thg W2 is detected by the sensor 22
(step S27), and t

d ; corrects the set rotating speed of the
drive nmotor 16 10 on the basis of the filmthickness detection result
(step S28). The spin chuck 12 is rotated 42 the corrected set
rotating speed, and a resist is coated on athird wafer WB (step
S34). Simlarly, the thickness of the resist filmfornmed on the
third wafer VB i s detected b th en or st.ep S37 and the CPU
23 cor r SeEdBtnd iuief paraty spBakiare. AD a%&%g%mM K

Wiile the spin cﬁﬂﬁkf'f'z@ g5, GRIEReRE Ct@'sg“ "Stbhgsa, i, satlchRRRBRE)

speed, a resi st igs,conlad, egtgath% £hickhBUL! BVal Bbelde coating £ily Wen

the detection va ue €ss sensor
out of a proper &s&gedeaﬂnmh@asffer surfaB@eBrStai8dsubgtraxairhag When the

filmthickness sensor I's out of order, a prograntls preferably
25 fernmed to CaU%@)rﬂ:r'oaﬂﬁte‘a&lsa'fét'erbﬂi:%@[lltiﬁgl Bh@dMrakational
operator that the filmthickness sensor 22 is out of order and to

out put a conmmanddidv isigo@elang e the basis of a film thickness
detection signal from said film thickness sensor.
21. An apparatus according to claim 20, further
comprising:

10 a first temperature sensor for detecting a

temperature of the resist liquid; and
first temberature adjustment means for adjusting
the temperature of a resist liquid to coated on said
substrate;

15 wherein said control means controls said first
temperature adjustment means on the basis of a
temperature signal supplied from said first temperature
detector and the film thickness signal .supplied from
said film thickness sensor.

20 22. An apparatus according to claim 20, further
comprising:

a second temperature sensor for detecting a
surface temperature of the substrate; and
second temperature adjustment means for adjusting
25 the surface temperature of the substrate;
wherein said control means controls said

second temperature adjustment means on the basis of

_
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- 30 - __operatien—of—theresist coating apparatus 45.

As descri bed above, mhen t he f|| t hi ckness of the resi st coating
fil'm on: each waf dhis and resi st coating operations for
subsequent product VVare sequentially controlled on the basis
of the det tion, resist coating filns having

hi gher precision can be obt ai ned. - [®Xxampl es] I n order
exam ne an effect obtained by the film 10 t hi ckness control descri bed
above, an experinent for coating a resist liquid on a silicon wafer
W under the followi ng conditions was, perforpned. _In this case, the

resul ts shown in q’a’dn"éfalc%ve‘F%“Rﬁ)’f%frW IR} ypREiqq from saidsaaand |
to 4. 15 Experi nment, Condi t l e 1:. An external

envi ronment  t enper HIRFE WHES Sensor and, the it "thfa‘ﬂg’g §Fr5tBterrjcto
24[err] C (assumme %Ibb@f»lfé’d from saidlFPRRNE] SASIP A4S/ hum dity

adj usti ng device

23. An apparatus according to claim 20, further
5 comprising |
third temperature adjustment means for édjusting
the temperature of a dummy substrate used to keep
preliminary correlation data representing correlation
between the temperature of said dummy substrate and the
10 thickness of a resist coating film to be formed on said
substrate.
24. An apparatus according to claim 23, further
comprising
solvent supply means for pouring a solvent for
15 removing the resist coating film formed on the upper
surface of said dummy substrate onto said dummy
substrate.
25. An apparatus according to claim 20, further
comprising
20 a rotating speed detection sensor for detecting a
rotating speed of said spin chuck.
26. A coating film forming apparatus,
substantially as hereinbefore described with reference
to FIGS. 2 to 8.
25 27. A manufacturing method of coating film
forming, substantially as hereinbefore described with

reference to FIGS. 2 to 8.
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used). 20

Exanpl e 2: An external environnment tenperature was

consciously changed from 24[err]C to 22[err]C (assune that no

at nosphéric tenperature/ hum dity adjustnent device was used).
Exanpl e 3: An external environment humdity was 25 consci ously
changed from 40% to 35% (assunme that no at nospheric
tenperature/ hum dity adjustnent device was 43 - used).

- 31 -

COATINGX ®#TRME FORMANGE MESHDD ARDY COATTRE! FILM FORMINGS

consci ously changagphranrusc% t o 40% (assune that no at nospheri c

“tenperature/ hum dity adjustnent device was usedé. 5
resist |iquid was coated on tweABFTRPGE QBf €HE DISCLOSUREnder the above

experiment conditions to obtain

aoples . age
4. The results shown ift ¢oating *iglgofmﬁéﬂemSBPQﬁngﬂrf

t he Exanpl es.

10

15

20

rdi t o Exampl es
f8rming aakspos

coating film on an upper surface of a wafer held by a
spin chuck in a chamber includes (a) the step of
keeping preliminary correlation data representing
correlation between a wafer rotating speed and the
thickness of the resist coating film formed on the
wafer in the chamber, (b) the step of conveying the
wafer into the chamber and holding the wafer by the
spin chuck, (c) the step of pouring thé resist liquid
onto the wafer and spin-rotating the wafer to form a
resist éoating film on the upper surface of the wafer,
(d) the step of detecting the thickness of the formed
resist coating film by a sensor, (e) the step of
detecting a rotating speed of the spin chuck by a
sensor, and (f) the step of, on the basis of the
detected film thickness and the preliminary correlation
data, correcting a set rotating speed of the spin chuck
to feedback-control a resist coating process for a next

wafer.

Fig. 3

A

to
of



Table 1 10 ~ External Environmental Fi I m Thi ckness

At m)sphere State Range (nm Exanple 1 Tenperature:
22[err]C to 24[err]C 7.6 Exanpl e 2 Tenperature: 24[err]C
to 22[err]C 5.7 Exanpl e 3 hum dity: 40%to 35%

4.3 Exampl e 4 hum dity: 35%to 40% 6.1

Conparative Exanpl e 10.0 15-

I n Conparative Exanple, a resist was coaltﬁd on - twenty-five wafers

Wby using a conventional nmethod in whi ch filmthickness

adj ust ment was not perf or+ee—apd— > th Imth| ckness range was
calcul ated. Here, the 20 I filmthickness he_di fference
bet ween t he maxi mum ang m ni val - of the thitkdfsses of the
resist coating filnms. It is tant_hat heLhicknﬂéﬁ of the resist
coating film becones uniformag tm‘r hi cknps$ range '
decreases. As is apparent 2 m t ovRggesul tp, |it was féund
that the film t hi cknegp ra s snall prijt Hm
t hi ckness ranges (7.6 8 nm 5.7 ¥ 19am
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in Exanples 1 to 4. Mre specifically, the film - t hi ckness ranges of
Exanples 1 to 4 reduce to about half of the filmthickness range of
Conpar ati ve Exanpl e (conventional nethod). 5 Accordi ng
to the present invention, the thickness of a resist coating film
can be made high precise and : uni formw t hout using an atnospheric

t enper at ur e/ hum di ty adj ustnent devi ce. Al t hough the
enmbodi nent descri bes the case 10 wheggetn the present invention is
applied to a coating phenonenon processi ng system for sem conduct or
waf er, the present invention can also be applied to another
substrate such as an LCD gl ass substrate. According to the
present invention, the effects as 15 described in (1) to (3) can be
obt ai ned. (1) The thgskness of a{gesist coating filmformed
on a substrate surface is detectedfhn a coatingfilm form ng
apparatus, and, on the basis o eCtT I nformation, the
rotating speed of the substgat Effio JE:jE pefpt ure of a resist
liquid, and the tenperature™® th ale are adjusted. In

thi's manner, the t hi ckngss of t@??%pe i st chating filmcan be made
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to a.target thickness, and the filmthickness can be made uni form

For. this reason, the thickness of the 25 resist coating filmcan be
control'ed wi thout a speci al dedi cat ed at nospheric
tenperature/ hum dity adjustnent device. Therefore, the apparatus
can be reduced in - 33 -
si ze. (2) The thickness of a resist coating filmforned
on a dummy wafer is measured, and, on thg,pasis of the det ecti on
information, the rotating speed of the md?er, 5 the tenperature of a
resist liquid, and the tenperature of the wafer are adjusted. For
this reason, the dummy wafer can be effectively used, and a yield
- of product ion wafers can be inproved. - (3) After the
thi ckness of a resipt ¢odting filgh| 10 forngd on _ajdummy wafer is
measured, the resisj cé&tfing 2] 2Rilmis regdvedE fom the dummy wafer,
and a resi st E%etl ngi,fl | m S gor meg&on Memdgnry wgger again. VWen
—~ by w o uw o w
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the thickness of the resist coating filmis neasured,

waf er -can be effectively used. 15
nodi fications w ||
Ther ef or e,

the specific details and representative
descri bed herein. Accordingly, various
wi t hout departing fromthe
i nventive concept as
equi val ent s.
resi st coating
chuck in a chanber
conpri si ng: (8
representing correl aty ,
tenperature of at |east one ¢

1.

o whi
t he

Addi ti

enbodi nent s
20

onal

t he dummy
advant ages and
readily occur to those skilled in the art.

the invention in its broader aspects is not limted to

shown and

surface of said substrate ang the
A
RESIST FILM ~ S1T
THICKNESS DETECTION (S27,8317)

IS S17-1
~ RESIST
FILM THICKNESS
WITHIN PREDETERMINED
THICKNESS

RANGE
?

S171-2

Is
RESIST
FILM THICKNESS
UN1FORM

NO

S18

\

(Ssﬂ' S37)

CORRECTION OF SET
ROTATING SPEED

L

NO
$18-1 S18-2

£\ N
RESIST LIQUID WAFER
TEMPERATURE TEMPERATURE
ADJUSTMENT ADJUSTMENT

L |

~ nodifications may be nmade

spi&}§ or scope of the general
defined by the appended clainms and their

A coating filmformng nethod for formng a
filmon an upper surface of a substrate held by a spin

upper




thi ckness of the resist coating filmfornmed on said substrate in said
chanber ; (b) the step of conveying said substrate into said chanber
and hol di ng said substrate by said spin chuck; (c) the step of
pouring the resist liquid onto said substrate and spin-rotating said
substrate to forma resist coating filmon the upper surface of said

substrat e; (d) the step of detecting the thickness of the resist
coating filmfornmed on the upper surfacg&f said substrate by film
t hi ckness det ecti on neans; (e) th tep of detecting a rotating speed

of said spin chuck by rotating speed detection neans and of detecting a
tenperature of at |east one of the resist liquid to be coated and the
upper surface of the substrate by the tenperature  neans; and (f) the
step of, on the basis of the detected film thickness, the detected
rotating speed, the detected tenperature of at |east one of the resist
liquid to be coated and the upper surface of the substrate, and the

prelimnary correl ati op—data—eor+ecting—a—set—rotating-speed of said spin

CENTER POSI'I:ION OF WAFER
WAFER DIAMETER (mm)

FIG 6A

e
=" — N~
= f| -~ —>s- -
w0 > >
] m— Lo =
7S te E—
W
=

CENTER POSITION OF WAFER
" WAFER DIAMETER (mm)
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- 35 - chuck to feedback-control a resist coating process for a next
substrate. 5 2. A nethod according to claim1, wherein

thé step (e) further conprises the step of detecting the
tenperature of the resist liquid i mredi ately before the resi st
liquid is coated on said 10 substrate; and the step (f)
further conprises the step of correcting the tenperature of a
resist liquid to be coated on agpext substrate on the basis of the
detect ed tenperature, the detected filmthickness, and the 15
prelimnary correlation data. - 3. A nmethod according to claim
1, wherein the step (e) further conprises the step of
detecting the tenpgratureoftheupper—purface of said substrate

i mredi ately beforel a respptKk Upquid is cpated 20 on said substrate; and
the step (f) f Xhfer congﬂ' %“FQ@ st ep} of correcting the
t enmperature of an pupper surface

\

$21 COOLING

/

33 RESIST COATING

S4 HEATING

v
SH COOLING
ST
\ 1
S6— RESIST FILM _ CORRECTION OF SET
THICKNESS DETECTION ROTATING SPEED

S8 RESIST REMOVING

\

FEEDBACK TO

SS9 ' .
9 RETURN DUMMY WAFER PRODUCT WAFER

FI1G 7



25 of a next substrate on the basis of the detected

tenperature, the detected filmthickness, and the prelimnary
correl ation data. 4. A nmethod according to claim1, wherein 5
after the resist coating filmis heated by baking and then cool ed,
the thickness of the resist coating filmis neasured in the film

t hi ckness detection step (d). 5. A nethod accordi ng
to claim1, wherein 10 t he thfﬁyneSS'of the resist coating film
S detected in said chanber in the step (d), on the basis :
of the detection information, thicknesses of resist coating filns
- on subsequent substrates are sequentially controlled. 15

6. A method according to claim1l1, wherein
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said thic nesq gcm@n

7. A nmethod according tg

g to
resist coating filmin th

In |t he

Pd_.(AﬁEMENEI&]rMes of - the resist coat

p03|t| ons Wi

e said substrate
ngans are rel
dlaim1, wherein

- 3dtep (d
|performed to twenty-
c aim 1, whel@&AIMS5

bi-G =

REPLACEMENT

e ERTS, SG
IeSERPUOR (Pag

n-dA A net

bt frf\fertyﬂ(nbve&dg»@é* to paged 4%

1 Drawing(hle R8P kindg Daged ...
Es!\irﬁé’a%ﬂjr ebagad h.--tth meaged .....
i ve substrates of one |ot.

DATE CFhRECHEIERng#iiof...1.he

coat i ng i sl
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A’ coapipg o ik fegmiagmeEBet) 50,

nmet hod accor di

frrearsured cach T e TEST St
orming a resist coating

|
chagber bl sfc‘:&ﬁ‘t PE P8 W g«;g.&rﬁ% : %Em(ac)su\ﬁ]gzr eué}eq'éjﬁ 2% Ier}élg‘alﬁ
sai tr.at h
conti ng pr Beds Srafhét 2Bo0unIdiCE | SbRERNSE IE1ES fotﬁﬂfsn:%‘if@l{re?g: ot

coati ng

chanber to anrogﬁsqgggpper

fidy surface of a substrate heI d by a spin chuck
| ow of clean air is supplied, conprising:

‘the step of keeping prellmlnary correlation data

(a)

in a

representing correlation between a rotating speed of  said .

substrate, a tempgrature of at least one of a resist liquid to
be coated and the upper surface of said substrate and the
thickness of the resist coating film formed on said substrate
in said chamber; |

(b) the step of conveying said substrate into said
chamber and holding said substrate by said spin chuck;

(c) the step of pouring the resist liquid onto said
substrate and spin-rotating said substrate to form a resist
qoating film on the upper surface of said substrate;

(d) the step of detecting the thickness of the resist
coating film formed on the upper surface of said substrate by
film thickness detection means;

(e) the step of détecting a rotating speed of said spin
chuck by rotating speed detection means and of detecting a

temperature of at least one of the resist liquid to be coated

and the upper surface of the substrate by the temperature

means; and
(f) the step of, on the basis of the detected film
thickness, the detected 1rotating speed, the detected

temperature of at least one of the resist liquid to be coated
and the upper surface of the substrate, and the preliminary

correlation data, correcting a set rotating speed of said spin

* [+ L M s *



(A tpe—steg i mAd prelimnary correlation data -‘representing

correl Bhﬁﬁggﬁ@iﬁﬁ1k$ tating speed of a dummy substrate rotated by said
spin cpufk, a tenperatlurle of at |l east one of a resist liquid to be coated
and the Lppeg APR 199%e jof| the substrate, and the dummy thickness of the

resistjcpating. filmfofmed on said substnate_in said chanber; (B)
t he st ¢plet—eonveytNg sal d product substrag into said chanber and hol di ng
sai d pjoduct substrate by said spin chuck; (C the step of pouring

the resrsT Tiquid onto said product substrate and spin-rotating said
product substrate to forma resist coating filmon the upper surface oft
sai d product cEUBRttetfeedback-¢Oitrot 3teesbIt RAFEAIIFPIETHhi L SFf
the resist coating filmfornmed on the upper surface of said product '
substrate by ubstthtekness detection neans; (E) the step of
detecting the rotating speed of said spin chuck by rotating speed
detection neans and of detecting a tenperature of at |east one of the
resist liquid to be coated and the upper surface of the substrate by
tenperature detection neans; and

5 :
2. A method according to claim 1, wherein

the step (e) further compfises the step of
detecting the temperature of the resist liquid
immediately before the resist liquid is coated on said
10 substrate; and
the step (f) further comprises the step of
correcting the temperature of a resist liquid to be
coated on a next substrate on the basis of the detected
temperature, the detected film thickness, and the
15 preliminary correlation data. .
3. A method according to claim 1, wherein
the step (e) further comprises the step of
detecting the temperature of the upper surface of said
substrate immediately before a resist liguid is coated
20 on said substrate; and
the step (f) further comprises the step of

correcting the temperature of an upper surface

25

A



- 38 - [ REDI ACATR tr-ﬁ‘;tep-of, on the basis of detected fil mthickness,

the det ¢ : ~&Lasmh“ 3ol the detected tenperature of at |east one
of the f§¢si I|qU|d t of pe| coated and t he upper surface of the

substraf ¢ apgqmq&&;yyy ary correlation data, correcting a set rotating
speed jof said spln ck to feedback- Sgntrol a resist coating process
for a ng¢ e. 5 A nmet hod according to claim
10, whef el , the step (E) further conprises the step of
detecting the tenperature of the resist |iquid I medi ately before
the resist |iquigeis neatedunBt2atd on the baBigduet thubabtateeqand 10

the .step (F) further conprises the step of correcting the

tenperature of atéﬁﬁéﬁhthréﬁl fhbodBeected filmCeRieHne8s3 aaWt theoduct
substrate on the basis of t detected tenperature, the detected

filmthickness, ppdliminary cobhbeepatlion datg.correl ation data. 15
12. A nethod according to claim 10, wherein . the step (E)
further conprises the4step method according to claim 1, wherein
5 after the resist coating film is heated by baking
 and then cooled, the thickness of the resist coating
film is measured in the film thickness detection step
(d).
S. A method according to claim 1, wherein
10 the thickness of the resist coating film is
detected in said chamber in the step (d), on the basis
of the detection information, thicknesses of resist
coating films on subsequent substrates are sequentially
controlled.. .
15 6. A methbd according to claim 1, wherein
in the step (d), thicknesses of the resist coating
film at a plurality of positions while said substrate
on said spin chuck and said thickness detection means
are relatively moved.
20 7. A method according to claiﬁ 1, wherein
the thickness of the resist coating film in the
step (d) is measured each time resist coating is
performed to twenty-five substrates of one lot.
8. A method according to élaim 1, wherein
25 the thickness of the resist coating film in the

step (d) is measured each time resist coating is

performed to each substrate.
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KEFLAVCEMENT SHEET -
20 : _ - 39 - detecting the
tenpgrat ut e Ap ‘l@j? upper surface of said product substrate
i medi ately be ore ajrpsist liquidis - coated on sai d product
subsgr ate—and the step (F) ,?u_rther conprises the step of 5
corrgcting the tenperafure of an upper surface of a ' next product

substrate Qn tThe Ty e&)faé&)erég_q{&eq_][ $£L1aim 1 eelrp%q_rature the detected

filmthickness, and t I mnary dorrelation data.

13. A net h% @Eﬁl@»’éﬁh@g:et ané@i&nc@%mmrl%' BontPolled beford (e rslﬂ‘égq‘?& st .

coating filmis heated by baking and then cool ed, the thickness of
~the resist twaddf@st an atniddpRdre BESWHEdsaDdt Eﬁb%tkﬁtbhldikn&&ﬁd dgpegt i on

step (D). 14. A nethod according to claim 10, wherein

15 chaidlertd a tdtndispiereisuitablesifaolr aoatkigtf cbating procéssned

on said dummy substrate is detected, the resist
10. A coating film forming'method for forming a resist coating

film on an upper surface of a substrate held by a spin chuck
in a chamber to which a déwhflow of clean air is supplied,
comprising:

(A) the step of keeping preliminary correlation data
representing correlation between a rotating speed of a dummy
substrate rotated by said spin chuck, a temperature of at least
one of a resist liquid to be coated and the upper surface of
the substrate, and the dummy thickness of the resist coating.
film formed on said substrate in said chamber;

(B) the step of conveying said prbduct substrate into
gaid chamber and holding said product substrate by said spin
chuck;

(C) the step of pouring the resist liquid onto said
product substrate and spin-rotating said product substrate to
form a resist coating £ilm on the upper surface of said product
substrate;

(D) the step of detecting the thickness of the resist
coating £film formed on the upper surface of said product
substrate by film thiqkness detection means;

(E) the step of detecting the rotating speed_of said spin
chuck by rotating speed detection means and of detecting a
temperature of at least one of the resist liquid to be coated
and the upper surface of the substrate by temperature detection

means; and

* c L M H *




coaterEPLAGENEQH@ from said dummy substrate, and sai d dummy
subst rjatfe~Ts—usedTn ¢ step (A again to keep another prelimnary
correlfatti o 0 15. A nethod agcording to claim 13, wherein
after [tfje ?ﬁggﬂﬁggggo he resist coating film formed on said
dummy fsdbsirateis dejegted, the resist coating filmis renoved
from gai d dunny substra e, and said dummy substrate is used in the
step (Ar—agarmteo—=2s .keep another prelimnary correlation data.

16. A nethod according to claim 10, wherein an at nosphere in
said chanber is controlled before -
40- the step (C) to adjust an gms_phere around said

substrate on said spin chuck to an at nospheré SU|tabIe for a resist
coating process. met hod i n 10,. wherej n

5 the t@ctbastsp O&rornhs bagig p%@eteca%éta (t)m? ﬁ’ cte rotating spesd, (p)

IS nmeasured each tinme resist coating is perforned to twenty-five
substrat es tik detectédotemperature of at least one of the resist 11qu1d to be coated and the upper

surface of the substrate, and the preliminary correlation data, correcting a set rotating speed

of said spin chuck to feedback-control a resist coating process for a next product substrate. -

5 11. A method according to claim 10, wherein

the step (E) further comprises the step of

detecting the temperature of the resist liquid
immediately before the resist liquid is coated on said
product substrate; and |

10 the step (F) further comprises thé step of
correcting the temperatﬁre of a resist liquid to be
coated on a next product substrate on the basis of the
detected temperature, the detected filﬁ thickness, and
the preliminary correlation data.

15 12, A method according to claim 10, wherein

the step (E) further comprises the step of

20
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18, Aﬂne[hugﬁ@gléﬁ‘ I; to claim 10, wherein the thickness of

t he|r ¢si | ifmin the 10 step (D) is neasured each tine
resifs cﬁétﬁ:ﬁgﬁé@g performed to each substrate. - 19. A
met ho cording tof cfaim10, wherein in the step (D), .
t hi ¢knesses of the repkist coating filmat a plurality of positions
whi f 15 on said spim cHick and said thickness

det ecti on neans are relatively noved. 20. A coating
filmform ng apparatus for supplying aresist liquid onto an upper

Fesi ot 20 - caRtEREINg i, SRR AT B e FARS f o4ld 7
O o mARSRY WA UV 088 S U U TR
(Z:ﬁuck; ot atddmﬂ}degds;ga{% su%%[@%%és%gﬁé%p;?wng t he Spl-?ll-
the step (F) further comprises the step of
5 . correcting the temperature of an upper surface of a
next produét substrate on the basis of the detected
_temperature, the detected film thickness, and the
preliminary correlation data.
13. A method according to élaim 10, wherein
10 after the resist coating film is heated by baking
and then cooled, the thickness of the resist coating
film is measured in the film thickness detection step
(D).
14. A method according to claim 10, wherein
15 after the thickness of the resist coating film
formed on séid dummy substrate is detected, the resist
coating film is removed from said dummy substrate, and
said dummy substrate is used in the stgp (A) again to
keep another preliminary correlation data.
20 15. A method according to claim_13, wherein
after the thickness of the resist coating film
formed on said dummy substrate is detected, the resist
coating film is removed from said dummy substrate, and
said dummy substrate is used in the step (A) again to
25 keep another preliminary correlation data.

16. A method according to claim 10, wherein

an atmosphere in said chamber is controlled before

///
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resRERLA' EmﬂESHEET substrate on said spin chuck; afilm

t h§ ckness sensor, Jarjranged in said chanber, for detecting the thickness of
a f@a'pﬂt»]g?gati ng filmforned on the upper surface of said substrate;
at]l past one of "a {fijrst tenperature sensor for detecting a tenperature of
t he sTst —Hqyi d and a second tenperature sensor for detecting a

face tenperature]of the substrate; - 40 - at | east one of the

justment neans for adjusting the tenperature of a

resist liquid to be coated on said substrate and second tenperature
adj ust nent neans for, _adj.usti t.he surface .tenperature of. the
sujbstrate; and the step ((‘éojrﬁcf cﬁ&]ﬂ%sa’} USRI i?ﬁo‘gécfas?h ati onal

driving means on e BANS O Ad | dBen cnuddlEKTERS ARSI S gAlLd om

sai d filn1thickné%s Sensor an I'hg sai d enperature

adj ust nent neans @q:%sé@ éga@l%geﬁ}:&faéﬁg.e signal supplied fromsaid

first t enperat ure tector an m t hi ckness signal supplied

fromsaid filmthickneps $£h&¥hod acc¥Widg tSBL4Lh! iMg Wiése srCONd
tenperature adjustnment neans on the basis of a surface tenperature

si gnal supfpl i ed from sgidl 1eieinbd £ PRI N SES odtihdg eilm | in t thekness
signal supplied fromsaid filmthickness sensor. 21. An
appar at us accor distgeg o(Ix) aisnn¥hsdred hesch time recisprecating is

a first tenperature sensor for detecting a tenperature of the
resi st liquid; amperformed to twentyrfive ssqkstrates sof venerhet neans for
adj usting the tenperature of a resist liquid to coated on said
substrat e; 18. Ameetdhod sREePEbing obo riebabm cbht rehereind first

t enperature adj ustnment nmeans, on the basis of a, . tepperature, signa
supplied fromsaid firshe tiskness ©f the resigt cearingdtihm #p| khe

t hi ckness_ si gnal . suppl | I 1l mthickness, sensor.

d f id,f
22. An apblrat us ré:ﬁhg"% &%?%?W‘écﬁa‘?slglﬁﬂéé resist cofipgi ¥ ng:

performed to each substrate.
19. A method according to claim 10, wherein
in the step (D), thicknesses of the resist coating
film at a plurality of positions while said substrate
15 on said spin chuck and said thickness detection means
are relatively moved.
20. A coating fiim_forming apparatus for supplying.
a resist liquid onto an upper surface of a substrate
and spin-rotating said substrate to form a resist
20 coating_film on the upper surface of said substrate,
comprisings o
a chamber to which a downflow of clean air is supplied;
a spin chuck, arranged in said chamber, for
holding said substrate;
25 rotational driving means for spin-rotating said
spin chuck;
resist liquid'supply means for supplying the
\
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- 42 a second |t enperature sensor for detecting a surface

t enper pt Y APR -(92.(; qulidstrate; and second tenperature adjustnent means
for jdj usting the dquriface tenperature of the substrate; wherein said
contfo | 4 said second tenperature adjustnment neans on the
basip of. a surface tgnperature signat s4ppl+ed fromsaid second
tenperature sensor._and .the filmthickness signal supplied fromsaid film

, ., ana, . X
t hi ckness Jesigidiquid fo salégpbspgqteagbglgtsglg &®elsrding to claim20, further
conpri sing a fili fRcknRSPRhSErY HE'EEEEE @ﬁarﬁﬁépﬁ)rfdgfec Hl%tthﬂ:ﬁn?sg REa
tenperature of a du substrate used to keep prelimnary correlation data
repr esent i mesisgonting filn fornmst ewethe upper sieface pfisaideubstrateyi d dummy substrate

' ' ( resi.st coating filmgto be forned on said .
gﬂg st ? gt et hl ckn%§ feagtf orie of 4 first temperature sensor for deteécting a femperature of the resist

liquid and a second temperature sensor for detecting a surface temperature of the substrate;

at least one of the first temperature adjustment means for adjusting the temperature
of a resist liquid to be coated on said substrate and second temperature adjustment means
for adjusting the surface temperature of the substrate; and
control means for controlling said rotational driving means on the basis of a film
thickness detection signal from said film thickness sensor and for controlling said first
temperature adjustment means on the basis of a temperature signal supplied from said first
temperature detector and the film thickness signal supplied from said film thickness sensor
and for controlling said second temperature adjustment means on the basis of a surface
temperature signal supplied from said second temperature sensor and the film thickness’
signal supplied from said film thickness sensor.
21. An apparatus. according to claim 20 ,mf-urther
comprising: '
a first temperature sensor for detecting a
temperature of the resist liquid; and
first temperature adjustment means for adjusting
the temperature of a resist liquid to coated on said
substrate;
wherein said control means controls said first
tempe.rature adjustment means on the basis of a
temperature signal supplied from said first temperature
detector and the film thickness signal.supplied from
-said film thickness sensor. |
22. An apparatus according to claim 20, further

comprisings:

\
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24, An
suppl y fng
formedgo
substr @t ¢

a rotafing
spi n chuck.

s BQ&Eﬁﬂing to claim23, further conprising sol vent
gfa solvent for renoving the resist coating film
irface of said dunmy substrate onto said dummy
apparatus according to claim20, further conprising
tijpn sensor for detecting a rotating speed of said

i - 42 -

a second temperature sensor for detecting a
surface temperature of the substrate; and

second temperature adjustment ﬁeans for adjusting
the surface temperature.of the substrate;

wherein said control means controls said

second temperature adjustment means on the basis of

a surface temperafure signal supplied from said second
temperature sensor and the film thickness signal
supplied ffom said film thickness'sensor.

23. An apparatus according to claim 20,.further
comprising - |

third temperature adjustment means for adjusting
the temperature of a dummy substrate used to keep
preliminary correlation datalrepresenting correlation
between the temperature of said dummy substrate and the

thickness of a resist coating film to be formed on said

. substrate.

24, ' An apparatus according to claim 23, further
comprising
solvent supply means for pouring a solvent for
removing the resist coating film formed on the upper
surface of said dummy.substrate'onto said dummy
substrate.
25. An apparatus according to claim 20, further
comprising
a rotating speed detection sensor for detecting a

rotating speed of said spin chuck.
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