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-1- EMPLOYI NG ON DI E TEMPERATURE SENSORS AND

FAN- HEATSI NK FAI LURE SI'GNALS TO CONTROL POWER '

DI SSI PATI ON BACKGROUND OF THE | NVENTI ON

Field of the Invention The present ~invention relates to the
field of thernal managenent of sem conductor devices. More
particularly, this invention relates to a circuit and nethod for
reduci ng an internal C|0Ckﬁﬁﬂuﬁf?ﬂy§ﬂﬁ¥ fﬁvéﬁ$&5ﬁn1conductor devi ce

upon receiving a first
PHOTORESIST COATING METHOD AND APPARATUS

BACKGROUND OF THE INVENTION
The present invention relates to a photoresist
5 coating method and apparatus for coating a photoresist
solution on a substrate such as a semiconductor wafer.
A photolithographic process step of a semi-
conductor device manufacturing process includes, for
example, a resist coating step for forming a photo-

10 resist film on a semiconductor wafer (hereinafter,
referred to as "wafer") and a developing step for
developing a resist-coated wafer exposed to light.

To coat a resist solution uniformly over the wafer
surface, a spin coating method is widely used.

15 In the spin coating method, a semiconductor wafer
is vacuum-fixed on a spin chuck. While the semi-
conductor wafer is being rotated together with the spin
chuck, a resist solution is supplied to a center of the
surface of the semiconductor wafer from a resist nozzle

20 which is positioned above the semiconductor wafer. The
resist solution thus supplied is spread toward the
circumference of the semiconductor wafer with the help
of centrifugal force. Although the supply of the
resist solution is terminated thereafter, the semi-

25 conductor substrate is continuously rotated in the same
manner except that the rotation speed is gradually

decreased. In this way, the resist solution spread



signal indicating fan failure and/or a second signal indicating thernal

over | oad. Background of the Invention It is comon
know edge that nost seni conductor devices, as shown in Figure 1,
conprise an integrated circuit as a die 2 encapsul ated within a
cavity 3 of a package 4 such as a Pin Gid Aray ("PGA") package.
This package 4 is usually nade of ceram c and perfornms numerous
functions including but not limted to protecting the integrated
circuit fromda | SS] I.ng.he fromth .1 Nt ated_circuyit
during operatioﬁ?ggﬁdg%éoégﬁﬁﬁaggyﬁgéFig Fér gurfaggnﬁﬁnfgg%ﬁgngfge Rgen
the sem conduct of,.glgyi ce and ot her sem conduct or devices. To
establish electrical communication with ot her sem conduct or devi ces

TR Y S  Cor SYSREEEBIR ALY Bhon ovrolii WBlieh Heerbaeled Lo

resist consumption in order to reduce a manufacturing

5 cost. To meet the requirement, the spin coating is
generally performed by supplying the resist solution to
a center of the semiconductor wafer while the wafer is
being rotated at a high speed.

However, there is a problem when the semiconductor

10 wafer is rotated at a high speed as mentioned above.
That is, defects in coating, namely, ripple marks, are
likely to generate on the resist film formed on the
semiconductor wafer surface. The ripple marks are
presumably ascribed to ripples formed of the resist

15 solution which is supplied from the resist nozzle
immediately before termination of the supply. More
specifically, the resist solution supplied immediately
before the termination of the resist solution supply
spreads over the wafer outward in the form of ripple by

20 the rotation of the wafer and then dry up before
uniformly spread over the wafer surface. This is
because the higher speed the wafer is rotated, the
faster the resist solution gets dry. In this mechanism,
ripple marks are considered to be left on the surface.

25 On the other hand, with the tendency of reducing the
thickness of the resist film, the resist material low

in viscosity has been preferably used. With this
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plurality of connector pins 6. These plurality of connector pins 6 nake
el ectrical and nechanical contact with a plurality of bus lines within a
printed circuit board 7 (e.g., a peripheral xard, notherboard, etc.)
generally incorporated within a conputer system Duri ng
operation, the die 2 consunmes power at a rate correl ated toits

| nternal ClOCklngeﬁggHH nc¥h§nguggggéa£§ ?Scon |v%e§|§gugéaﬁe5|vely

General |l y, heat |ss rom 2

attached to the @@&k@ggeé The' gablen tth@hgafkggfeé d-8shpabey the hea

to its surrounding at nosphere 8 OMF ower m con devi ces,

the package 4 al gpgeis iﬁptﬁal£¥s§§£ffsnﬁnto£ﬂeé'é§'eﬁ&elanevhgeBSLt

Many sem conduct or” devi ces, especially m croprocessors, X at an
internal clock fhegeensy, Sé@ﬁ&éﬂéaafbytﬁéeébﬁﬁeﬁhﬁanélly used re51st
5 film,

To avoid the formation of the ripples, it is
necessary to control the resist nozzle accurately to
set at the center of the wafer surface. If so, the
resist solution supplied can be spread concentrically

10 to form a concentric circular ripple. It is also
necessary to control a rotation speed of the semi-
conductor wafer to set at a speed which permits the
resist solution to dry at such a timing that the
concentric circular ripple of the resist solution

15 reaches and passes the edge of the semiconductor wafer.
However, it is very difficult to control the resist
nozzle to position accurately and to control the
rotation speed. Therefore, it has not been attained to
completely avoid the formation of the ripples.

20 It is also difficult to control the thickness of
the coated film when an amount of the resist solution
supplied to each wafer is reduced. It is therefore
difficult to obtain a film having a uniform thickness.
Particularly in the case where the resist solution is

25 supplied dropwise in an amount of 1.0 ml or less per
wafer, the resist solution is dried before the supplied -

resist solution is spread outward and reach the edge of



system bus cl ock frequency of a conputer systemin order to allow the
sem conductor device 1 to performat its fastest possible frequency
whil e all ow ng data exchange between the sem conductor device 1 and
the printed circuit board 7 to proceed at the | esser system bus cl ock
frequency. A dynam c feedback |oop, including but not limted to a
phase | ocked-l1oop ("PLL"), enables nultiple derivatives of the system
bus clock. Although a higher internal clock frequency enabl es better

Chat he package SPAIHET s (i ah IR dn R gy kR Bk &he
dovi co such a6 NEATE A SR Eh BT HOISF ST AT I G, AL Of
S o (o SeRA Posaal ! he PASAAR RO GJ edigdt ©
PCT/ US95/ 05887  the thickness of the coated film and therefore
5 difficult to form a film in a predetermined uniform
thickness.

As a method of controlling the thickness of the
coated film, conventionally known are (a) a method of
decreasing a speed of a resist solution spurted from

10 a nozzle, and (b) a method of increasing the wafer
rotation number when the resist solution is spurted out.
However, the method (a) has a problem in that the
resist solution is spurted unstably. 1In the method (b),
the rotation number of the wafer cannot be increased

15 without limitation. The increase is limited by the
performance intrinsic to the coating apparatus. There
is another problem in the method (b) in that the resist
solution dries up too fast to control the film
thickness.

20 BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a
photoresist coating method and apparatus capable of
coating a photoresist solution uniformly on a surface
of a substrate without leaving ripples.

25 Another object of the present invention is to

provide a photoresist coating method and apparatus

capable of forming a photoresist film uniformly in a



Following this line of reasoning, sone current generation and nost

next generation sem conductor devices wll consune nore power than
any prior sem conductor devices such that the heatsink 9a and/ or heat
slug 9b may not provi de adequate thermal dissipation. Thus, an

addi tional thermal transfer device (e.g.. agfapn) 10 is usually

coupled to the heatsink 9a to provide a high level of airflow as shown
in Figure 3. However, reliance on the operation of the fan for cooling
t he sem conduct oy deV|ce of fers man advant ages.

primary di sadvafefgess thigknass QQH£HQW (ﬁhqtﬂ?talneds%#ﬁ%oh%uﬁhbm
device is now al so base the reliabilit of the fap du
fact that if the fan%bégﬁﬁgg’lﬂﬁﬁﬁ Qéa eépre?%%tfﬁPY%?E}OHSbSdB%s
t he seniconduct%) QP%i épose rablen1e en_t
8Y

fan is inherent B 9Yess reI S eatsjé‘rﬁ o) fo?n%e?/‘?%%ra‘?‘h%reby

| essening the r t :Hh? ﬁﬁﬂﬂ”%? f Anot her
di sadvant age i S%Jt 111é5|&/nfgc§ ﬁi wit hout asﬁlysgeﬂﬁﬁ umforml mac?lanl sm
exposes the semﬁ@&g‘éﬁ( r%"&ﬁé]&eoﬁ %R}iéx?'lf an am%fr%exce33| ve
die tenperature ("thermal overload"). hermal overload is likely
if the fan el engiHothatyiag iJHIRA i %\ﬁf lite°d to a wefdpraposeiéalis bel ow
a certain |evel. Hence, it mould be de5|rable to provide a
circuit and net hedidasd. nmodi f yi ng the operation speed of the

sem conduct or device, which is
The present invention provides a photoresist

coating method comprising supplying a resist solution
10 to substantially a center of a substrate surface while
the substrate is rotated, rotating the substrate at a
low speed by reducing a rotation speed of the substrate
after the supply of the resist solution is terminated
and, rotating the substrate at a high speed by
15 accelerating the rotation of the substrate after the
substrate is rotated at the low speed for a
predetermined time-period.
The present invention provides a photoresist
coating method comprising supplying a liquid agent for
20 moisturizing a substrate surface to the substrate
surface, supplying a resist solution to substantially a
center of the substrate surface while the substrate
with the liquid agent supplied thereon is being rotated,
rotating the substrate at a low speed by decelerating a
25 rotation of the substrate after the supply of the
resist solution is terminated and, rotating the

substrate at a high speed by accelerating the rotation



directly related to power consunption, upon detection of a fan failure

this

and/ or thermal overload conditions. Although such nodification of
operation speed woul d cause a tenporary |loss in perfornmance of WO
95/ 31785 PCT/ US95/ 05887
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of the substrate after the substrate is rotated at the
low speed for a predetermined time-period.

The present invention provides a photoresist
coating method comprising supplying a liquid agent for
moisturizing a substrate surface to substantially a
center of a substrate surface while the substrate is

rotated, supplying a resist solution to substantially

the center of the substrate surface while the substrate

is rotated after the supply of the liquid agent is
terminated, rotating the substrate at a low speed by
decelerating the rotation of the éubstrate after the
supply of the resist solution is terminated, and
rotating the substrate at a high speed by accelerating
the rotation of the substrate after the substrate is
rotated at the second speed for a predetermined time-
period.

The present invention provides a photoresist
coating method comprising coating a resist solution by
spreading the resist solution outward of a substrate
while the resist solution is supplied to substantially
a center of the substrate which is being rotated,
controlling a film thickness uniformly by once
decelerating the rotation of the substrate during the
resist coating step, and shaking off an excessive
resist solution by decelerating the rotation of the

substrate.

The present invention provides a photoresist



- 5- SUWMMARY OF THE | NVENTI ON In view
of the foregoing disadvantages, it is apparent that there exists a
need for the above-nentioned circuit and correspondi ng nmet hod.
Hence, it is an object of the present invention to provide a circuit

and [err] for reducing the clocking frequegncy of the
devi ce upon detection of certain fan failure and/or

sem conduct or
over tenperature

condi tions. It is another object of the present invention to
monitor the fan el enent coupled to the senm conductor device and

reduce the docki f§ating methqd, GREBPIHS Nt SBRRONNE tdrl aitagprin for
detecting a predeterg ned . | evel of degraq%%ion of performance of the

fan. MOLS

position a
whet her an

UE 17N G e SFURSH TS GTut

éﬂ%@%ﬁﬁte, coating

SHrieR eht SYIRASR i Oh

20
eSSl g W LA ST RANUCLS) dev e Lo defeot

resist solution outward of a substrate while the resist

5 solution is being supplied to substantially a center of

the substrate which is rotated, controlling a film

thickness uniformly by once decelerating a rotation of

the substrate during the resist coating step, and

shaking off an excessive resist solution by accelerat-

10 ing the rotation of the substrate.

The present invention provides a photoresist

coating apparatus for coating resist by supplying a

resist solution to a rotating substrate, comprising a

substrate holding member for holding a substrate, a

15 rotating device for rotating the substrate holding

member at various speeds, a resist-solution nozzle for

supplying a resist solution to substantially a center

of the substrate surface held by the substrate holding

member, a controlling section for controlling rotation

20 of the substrate holding member, the controlling

section rotating the substrate holding member holding

the substrate at a predetermined speed when the resist

solution is supplied, once decelerating a rotation of

the substrate holding member to a speed capable of

25 controlling the film thickness uniformly during the

resist coating step, and thereafter accelerating the

rotation of the substrate holding member to shake off



operational tenperature of the sem conductor device is greater than a
prescribed boundary tenperature and reduce the clocking frequency in

response thereto. These and ot her objects of the present

i nvention are provided by acircuit wthin a sem conductor device
using a fan elenent in tandem with a hgptsink to reduce an interna

cl ocking frequency of the sem conduct or devi ce upon recei pt of

control signals indicating that the fan el ement has becone i noperabl e
or the die of the sem condyctor device is operating at a tenperature
greater than the PPReS&FESEdVe TrespgtndQiyti@hperature. This reduction in

t he cl ocki ng frequency reduces consunption of the

in tyrn, Qwer
seni conduct or devi ce sd Eh&resent 1P8§§tﬁg§tpﬁg§ S0 B PPLOLEFAtEd. Thi s
circuit Cpnprisescgaqgkgig5%agg %g for coating resist by supplying a
resist solution to a rotating substrate, comprising a
5 substrate holding member for holding a substrate, a
rotation machine for rotating the substrate holding
member at various speeds, a liquid-agent nozzle for
supplying a liquid agent for moisturizing a substrate
surface before a resist solution is supplied to
10 substantially a center of the surface of the substrate
held by the substrate holding member, a resist-solution
nozzle for supplying a resist solution to substantially
a center of the surface of the substrate held by the
substrate holding member, a controlling section for
15 controlling rotation of the substrate holding member,
the controlling section rotating the substrate holding
member holding the substrate at a predetermined speed
when the resist solution is supplied, once decelerating
a rotation of the substrate holding member to a speed
20 capable of controlling the film thickness uniformly
during the resist coating step, and thereafter
accelerating the rotation of the substrate holding
member to shake off an excessive resist solution.
The present invention provides a photoresist
25 coating apparatus for coating resist by supplying a

resist solution to a rotating substrate, comprising a

substrate holding member for holding a substrate, a
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gate wherein a first input signal line is coupled to a first input of

the logic gate to indicate fan failure when fan performance falls below a
predeterm ned |l evel and a second input signak Iine is coupled to a

second input of the logic gate to indicate that the die of the

sem conduct or device is operating at a tenperature greater than a

prescri bed boundar qurature %@gn ctivation one of

the input signal § 1'Tf’érsl D HEh Ay efgrating 5??\%“?% AYnal

ulps, ot bl £ S5 BT ety i e
one of the rrulti;%{e%]loc mpté%l %e?ge’f:‘?%hs%ss? t+?1’tle€na‘cfub5tannc lﬁ’kl ng
frequency of the el gandup Otfhéje%’dxgﬁ IS LBk erate hold b scﬂanc' ude

at | east a system bu si gha 'S Se clrcuit

i f fan perfor mn%ﬂﬁpﬂ&%éiﬁﬁ gg%élﬁ%ﬂ]e %?del §V8$n@PgiP{n§ sectior N&JTal

sensor detects that the tenperat I's greater t
rotating the substrate holding member at a first speed

when the resist solution is supplied, rotating the
substrate holding member at a second speed by reducing
a speed to the second speed after the supply of the

10 resist solution is terminated, and rotating the
substrate at a third speed by increasing the rotation
speed of the substrate holding member after the
substrate holding member is rotated at the second speed
for a predetermined time-period.

15. According to the present invention, the rotation
speed of the substrate is drastically reduced after the
supply of the resist solution is terminated. It is
therefore possible to suppress the resist solution
supplied immediately before the termination of the

20 supply from being spread to form ripples. Thereafter,
the substrate is rotated at a low speed until the
resist solution is shaken off to dry. It is therefore
possible to level the resist solution supplied
immediately before the termination supply over the

25 substrate and spread uniformly without being dried. In
other words, it is possible to coat the resist solution.

uniformly without leaving ripples on the substrate



the prescribed boundary tenperature, typically 100[err]C to 150[err]C.
O herwi se, as a default, a clock signal having a higher frequency is
sel ect ed. WD 95/ 31785 '
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BRI EF DESCRI PTI ON OF THE DRAW NGS -~ 10 Fhe objects, features and
advant ages of the present invention w Il becone apparent fromthe
foll owi ng detail ed description of the pr esent invention i n which:

o o bonauesiePaBe O O RALLO0R YL o4, %hoBs TRTLCL' BURELYY the

power sem conduc OI' EVI ce having a

reduction in film thickness since the substrate is
rotated at a low speed until the resist solution is
shaken off to dry. The film thickness is successfully
5 controlled by the low speed rotation. Hence, the

resist film can be formed in a desired thickness even
the obtained resist film is thin.

Furthermore, according to the present invention,
the resist solution is coated after the liquid agent

10 for prewetting the substrate surface is supplied to the
substrate surface. It is therefore possible to coat a
resist solution uniformly on the substrate and to make
a thin film even if the substrate is rotated at a low
speed. Hence, the effect of the present invention:

15 the resist solution can be coated uniformly on the
substrate without leaving ripples, is more efficiently
attained.

According to the present invention, the rotation
speed of the substrate is reduced during the resist

20 coating step while rotating a substrate. As a result,
a force directing toward the center of the substrate is
produced by the deceleration at the time of reducing
the speed and acts upon the resist solution. On the
other hand, the resist solution is dried slowly since

25 the substrate is rotated at a low speed. As a result,
the film is formed uniformly in thickness. The resist

solution is suppressed from being spread outward by the



Figure 2 is a cross-sectional view of a conventional sem conduct or

devi ce having a heat-sink di sposed on a bottom surface of the PGA
package to provide additional thermal dissipation capabilities.
Figure 3 is a cross-sectional view of a conventional sem conduct or
devi ce having a fan/ heatsink conbi nati on-f ogdit her nal managenent .
Figure 4 is an enbodi nent of a conputer system i ncorporating t he
present invention. Figure 5 is a perspective view of a

sem conduct or deyioee qirecelitll k2lA0al RPLEAEAL LBVERL! oo,

Figure 6 is a cross-sectional view of a sem conductor devic !

utilizing the presenlicedVe) k®] deceleration, with the result that

resist solution deposited to the peripheral portion of
the substrate is equal in amount to that deposited to

5 the center portion. Even though the supply amount of
the resist solution is reduced, the resist film can be
formed uniformly in thickness over the entire substrate.
Hence, the present invention is effective in reducing
the consumption of the resist solution.

10 According to the present invention, the ligquid
agent, such as thinner, for prewetting the surface, is
supplied to the substrate surface before the resist
coating. It is therefore possible to spread the resist
more easily. As a result, the resist film can be

15 formed uniformly in thickness by supplying a small
amount of the resist solution. Moreover, the
consumption of the resist is successfully reduced and
the resist film can be formed thin.

Additional objects and advantages of the invention

20 will be set forth in the description which follows, and
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 combina-

25 tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING.

The accompanying drawings, which are incorporated



Figure 7 is a circuit diagramof an enbodi nent of the present
I nventi on. WO 95/ 31785

PCT/ US95/ 05887 Figure 8 is a block diagram of an enbodi nent
of the thermnal sensor positioned within the sem conductor device
utilizing the present invention. - 12 - Figure 9 is a detailed
circuit diagramof an enbodi nent of the bandgap reference circuit

i ncorporated within the thermal sensor. Figure 10 is a

detatled crou S MEREALFENIBY o fhe spec RIS UL
illustrate presently preferred embodiments of the
invention, and together with the general description
gi?en above and the detailed description of the
5 preferred embodiments given below, serve to explain the
principles of the invention.

FIG. 1 is a plan view showing an entire structure
of the coating/developing process system of the
semiconductor wafer according to an embodiment of the

10 present invention;

FIG. 2 is a front view showing the &structure of
the coating/developing process system of FIG. 1;

FIG. 3 is a back view showing the structure of the
coating/developing process system of FIG. 1;

15 FIG. 4 is a cross-sectional view of a resist
coating unit in the coating/developing process system
of FIG. 1;

FIG. 5 is a plan view showing an entire structure
of the resist coating unit of FIG. 4;

20 FIG. 6 is a block diagram of a control system of
the resist coating unit of FIG. 4;

FIG. 7A is a graph showing a profile of
semiconductor wafer rotation control in the resist
coating unit of FIG. 4;

25 FIG. 7B is a graph showing a profile of the
semiconductor wafer rotation control in a

conventionally-used resist coating unit;



Figure'll Is a detailed circuit diagram of an enbodi nent of the

programmabl e Vbe circuit. Figure 12 is a state diagramof the
operational states of the present invention. WO 95/ 31785
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DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON3 - Acircuit and
nmet hod for reducing clock frequency for a particul ar sem conduct or
device having a fan el enent in conbi nation with a heatsink in the

ST et o0 o RS, SR SHSFRVEU PR a1 NG TEIRSS
generate ripples in a conventional apparatus;

FIGS. 9A to 9D are views for explaining how to
prévent the generation of ripples in an embodiment of

5 the present invention;

FIG. 10 is a graph showing the profile of the
rotation control of the resist coating apparatus;

FIG. 11 is a graph of thickness distribution of a
resist film in a wafer plane, formed by the conven-

10 tionally-used photoresist coating method;

FIG. 12 is a graph of thickness distribution of a
resist film in a wafer plane, formed by the photoresist
coating method of the present invention; and

FIG. 13 is a graph showing variance in thickness

15 of the resist film in a wafer plane, formed by the
photoresist coating method of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Now, the coating/developing process system for a

semiconductor wafer to which the present invention is
20 applied, will be explained with reference to FIGS. 1
to 3.

The coating/developing process system comprises a
cassette station 10, a process station 11, and an
interface section 12, which are contigquously formed as

25 one unit.

In the cassette station 10, a cassette CR for

storing a plurality of wafers W (e.g. 25 wafers)



sensor preferably within the sem conductor device that the

sem conduct or device is operating at a tenperature greater than a
prescri bed boundary tenperature. In the follow ng description, for
pur poses of explanation, specific details are set forth in order to

provi de a thorough understandi ng of the prepgent-invention. However,
it wll be apparent to one skilled in the art of circuit design t hat
the present invention may be practiced in any seniconductor devi ce,
especially processors, with se spec tails

i nstances, wel | i%ﬁﬂhh%p%?a?l§ﬁgﬁ %t+%n§° d%@?%e%n%r%nﬁ%?ded from

Reforring Lo Figibe A% %Qiﬁb”%%%t hcee%“ff esfi%%b' el y8Fkiiap various

til th 20
qeneral Iy conpr| SoidsecPAFEL BPaddsd indNARLE eyl @s%ﬁfﬁi’#éeépéi‘%%%{"ml
buses operating t@rﬁm@&r@ﬁé%nmm éyfé&r&&ysa Cé&&ﬁ ﬁélébgﬂal

havi ng a predetern1ned cl ocking frequency, nornally t ree

megahertz " MHz" gteghoSwat €83 beise Zéy esid!| esriedd ugs;?dméys Oﬁnagenaﬁe
I ncluding a nenory subsystem 22, an 1 nput/out put |/ O') subsystem

arranged in predetermined posxtlons of multiple stages.
The interface section 12 serves for delivering the
wafer W between the process station 11 and an exposure
unit (not shown) abutted against the process station 11.

10 The cassette station 10 has a cassette table 20
having positioning-projections 20a thereon, as shown in
FIG. 1. A plurality of wafer cassettes CR (for example,
at most 4) are mounted on the positioning-projections
20a. The wafer cassettes CR are thereby aligned in

15 line in the direction of an X-axis (the up-and-down
direction of FIG. 1) with a wafer inlet/outlet allowed
to face the process station 11. The cassette station
10 includes a wafer transfer carrier 21 movable in the
aligning direction (X-axis) of cassettes and in the

20 aligning direction (Z-axis, vertical direction) of
wafers stored in the wafer cassette CR. The wafer
transfer carrier 21 gains access selectively to each of
the wafer cassettes CR.

The wafer transfer carrier 21 is further designed

25 rotatable in a 0 direction, so that it can gain access

to an alignment unit (ALIM) and an extension unit (EXT)-

belonging to a third multiple-stage process unit group



23 and a processor 24 to exchange and share information. The

menory subsystem 22 includes a nenory controller 25 coupled to the
system bus 21 to provide an interface for controlling WO 95/ 31785

PCT/ US95/ 05887 - -10- access
to at | east one nenory el enent 26 such as_dyyw@am ¢ random access
menory ("DRAM'), read only nenory ("ROM'), video random access nenory
("VRAM') and the like. The nennry el enent 26 stores information and
instructions for the processor The 1/ 0O subsystem 23

i ncl udes an 1/0 &ht¥bithe W?ﬁeﬁ%gs"'atlon cjolu'pl%%l 4P TR sf"i‘a‘iﬁ%us 21 and

a conventional 1/0O bus_28. The 27 is an i Eerface

tr
bet ween the 1/0O bus Zérgidp¥ﬂ%e§§s?%%¥b%§ PR fed o Rafl wd

transfer mechanism 22 (moving up-and-down in the
vertical direction) having a wafer transfer machine.

5 All process units are arranged around the main transfer
machine 22, as shown in FIG. 1. The process units may
be arranged in the form of multiple stages.

The main wafer transfer mechanism 22 has a wafer
transfer machine 46 which is movable up and down in the
10 vertical direction (Z-direction), within a hollow
cylindrical supporter 49, as shown in FIG. 3. The
hollow cylindrical supporter 49 is connected to a
rotation shaft of a motor (not shown). The cylindrical
supporter 49 is thereby rotated about the rotation
15. shaft synchronously with the wafer transfer machine 46
by the driving force of the motor rotation. Thus, the
wafer transfer machine 46 is rotatable in the 6
direction. Note that the hollow cylindrical supporter
49 may be connected to another rotation axis (not
20 shown) which is rotated by a motor.
The wafer transfer machine 46 has a plurality of
holding members 48 which are movable back and forth on
a table carrier 47. The wafer W is delivered between
the process units by the holding méembers 48.
25 In the process unit station 11 of this embodiment,
five process unit groups G1l, G2, G3, G4, and G5 can be

sufficiently arranged. For example, first and second



21 which provides a communication path (i.e., gateway) for devices
coupled to the systembus 21 to access or transfer information to
devices coupled to the I/0O bus 28 and vice versa. The I/0O bus 28

conmmuni cates informati on between at | east one peripheral device in

t he conputer system 20 including, but nolL Ihgited to a display device

29 (e.g., cathode ray tube, liquid crystal display, etc.) for displaying
i mges; an al phanuneric input device 30 (e.g., an al phanuneric

keyboard, et fo t f t d d | ecti

o the pi ogessbrAs f‘éﬂﬁé%%‘%ﬁﬁp‘f%ﬁg&s”&'zsi%%@@scg’?maﬁwzser " Y ack
ctor hge dovi co 33 tanged RaghEbi E-ohboeskiRe TRNCTRA vt oty rai sk
drive, ) f dp

devicb 33 (6.9 T ?8[%29°f”‘c9é"§$159?232 ni??%&%.?ﬁ%“ﬁ%%%”‘%t%ﬁ EReESRE: ng o

tangi bl e, visual uﬁ§9r§§8{3 aéBOQSOB EEEeHn%BE%ELtOQheI e dsS et %‘EE't%%d

that the conputer sys hown 1 n |gure may enpl oy sone or of

these conppnentsygr daf Egheeh ﬁQﬂ’BQﬂ@BL§tBBé”ptrl6%%%s' hdriigt rg%b% c;4 is
The processor 24, preferably an Intel ArchiteCture Processor, is

further coupled &Buthédsaéhﬁﬂbbuﬁha11hﬁeQE€@é %@c&&b&.QQCeS%.EQfEhe
menory subsystem 22 and an input/output ("I/0') subsystem 23 and
multiple~-stage process unit group G5 can be arranged in
the back portion.
As shown in FIG. 2, in the first process unit
10 group Gl, two spinner-type process units, for example,
a resist coating unit (COT) and a developing unit (DEV),
are stacked in the order mentioned from the bottom.
The spinner-type process unit used herein refers to a
process unit in whiéh a predetermined treatment is
15 applied to the wafer W mounted on a spin chuck placed
in a cup CP. Also, in the second process unit group G2,
two spinner process units such as a resist coating unit
(COT) and a developing unit (DEV), are stacked in the
order mentioned from the bottom. It is preferable
20 that the resist coating unit (COT) be positioned in a
lower stage from a structural point of view and in
consideration of troubles in maintenance of a resist-
solution discharge. However, if necessary, the coating
unit (COT) may be positioned in the upper stage.
25 As shown in FIG. 3, in the third process unit
group G3, open-type process units, for example, a

cooling unit (COL) for applying a cooling treatment, an
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necessary cl ocking signals. In order to enhance its performance, t he
processor 24 normally includes a phase-|ocked | oop ("PLL") 34 whi ch

receives the CLK signal as input and generates an internal clock
("ICLK") signal. The ICLK signal, being a function of the CLK signal,
has a greater clocking frequency than the CLK signal and a constant

Gty 1o, e i PN SRR Gof s At Bhe Lo BESERE
isite i t ' s ' tp, Fi 5, th
eaulsie st el Bashie whn qopaniion FIGEELERERE O BILELS, A0

o oTent 47, O SOOERGAS unie (ROIPTRGU SR Mgl ol RenRBsEpR ) o

the fan el ement 48 dispose at si enen _
Three el ectri cal g/ QEEHS Poin PRAUSE (4E2XT),5§)re-ﬁ§}a)@i‘Hg53n§{:§ #bRPBERE) Ofct he

bottom surface 42a of the package

5 heating a wafer before light-exposure, and post-baking
units (POBAKE) for heating a wafer after light exposure,
are stacked in eight stages in the order mentioned from
the bottom. The open type process unit used herein
refers to the process unit in which a predeterﬁined

10 treatment is applied to a wafer mounted on the cassette
table SP. Similarly, in the fourth procéss unit G4,
open type process units, for example, a cooling unit
(COL), an extension/cooling unit (EXTCOL), an extension
unit (EXT), a cooling unit (COL), pre-baking units

15 (PREBAKE) and post-baking units (POBAKE) are stacked in
eight stages in the order mentioned from the bottom.

Since the process units for low-temperature

treatments, such as the cooling unit (COL) and the
extension/cooling unit (EXTCOL), are arranged in the

20 lower stages and the process units for high-temperature
treatments, such as the prebaking unit (PREBAKE) and
the post baking unit (POBAKE) and the adhesion unit
(AD) are arranged in the upper stages in the afore-
mentioned unit groups, thermal interference between

25 units can be reduced. These process units may be

arranged at random.

The interface section 12 has the same size as that



A first and second electrical connection pads 50 and 51, associated with
package pins 44a and 44b, provide power ("Vcc") and ground ("G\ND")
signals to the fan element 48, particularly a device within a main fan
casing 53 for rotating a propeller 49 (see Figure 6). Athird electrical
connection pad 52 is coupled to a particudl atgwi+e |l ead allowi ng the fan
el ement 48 to output a FANFAIL signal to the die 40. The FANFAI L

signal indicates that the fan el ement 48 is experiencing an unacceptabl e

degradation in OB?V@Béogrégegs s@a£§égti?n§% gR&ey SErEE%lpBOB%E'Or has

decreased by a certai ercentage from

rotational speedinorter in the Wlﬁe{neaikegti nfl OHr fiofapdeChaggugect | onal
vi ew of the processor 24 Iustrate "The processo ncl udes an

:Opte sorat le;i ﬁgﬁﬁgﬁg‘;ﬁ‘y’-?e&mﬁ%ﬁ% an unﬁévabﬁiéeb&@fwe' eBsiet@BCcaRs 4Rt ed,
PCT/ US95/ 05887 stacked in two stages in the front portion of the
5 interface section 12. On the other hand, an optical
edge bead remover 23 is arranged in the back portion
thereof and a wafer carrier 24 in the center portion.
The wafer transfer carrier 24 moves in the X- and
Z-directions to gain access to both cassettes CR and BR
10 and the optical edge bead remover 23. The wafer
carrier 24 is also designed rotatable in'the 0
direction, so that it can gain access to the extension
unit (EXT) belonging in the fourth multiple-stage
process unit group G4 in the process station 11 and a
15 wafer deliver stage (not shown) abutted against the
exposure unit.

In the coating/developing process system 1, the
fifth multiple-stage process unit group G5 (indicated
by a broken line) is designed to be arranged in the

20 back side of the main wafer mechanism 22, as described
above. The fifth multiple-stage process unit group G5
is designed to shift sideward along a guide rail 25 as
viewed from the main wafer transfer mechanism 22.
Hence, when the fifth multiple-stage process unit group

25 G5 is positioned as shown in the figure, a sufficient
space is obtained by sliding the fifth process unit

group G5 along the'guide rail 25. As a result, a



-12- cavity 41 of a PGA package 42 (as shown) or any ot her

conventi onal package such as, for exanple, a Ball Gid Array ("BG®A")
package, Land Gid Array ("LGA") package and the like. A plurality of
wire |eads 43 are coupled to at least the die 40 and a nunber of
connector pins 44 whi ch extend beyondi g he- package 42. These connect or
pins 44 are attached typically by solder to bus lines throughout a
printed circuit board 45. During operation of the die 40 (i.e.

ti f th 4 t he .fan/ heat sinhk 46 th h
?gte;?i Io(r)hgl Ormveerf%% §e§§$ﬁée p?%?)lé‘?%’e%ﬂ to ethglgn%ﬁﬁ\ﬁ%g%r aﬂ‘ﬂ%%u’?o enhance
the th | di i i bil]jti . i | t .,47.
AoCi 1 est e nt od TRORABRSRoPE Nah SRty card {0 WAL S ARG

' X ) . . . i : i i . 55 d
eguency SO 58308 ChbckbLp!ofh ULad L L GLENGL LB sgn w0 >0

56 having different sources extern

source 57 of a T4RStinh PRUWraBéBNEtald AiEr IedRart it f2, %wféﬁgﬂﬁks
drives the FANFAIL signal through the first 1 nput signal |ine 55 upon

det ecti ng gunacceps abl groepr @slaniPrbd Mot SoWBf fHI FRNCEne &9y SXBSRY & he
t he FANFAIL signal may be activated when the fan el enent det ects

that its productgendefrailfdsvibhiiesalesrasetbdyrat Ll By nowsiaadiwage.
It is contenplated that there exists nany alternatives for
system as shown by a double-headed arc arrow of a dash-
dotted line in FIG. 1.
Now, the resist coating unit (COT) according to
10 this embodiment will be explained. FIGS. 4 and 5 are a
schematic cross-sectional view and a scheématic plan
view of an entire structure of the resist coating unit
(COT) .
A circular cup CP is positioned at the center of
15. the resist coating unit (COT). A spin chuck 52 is
positioned within the circular cup CP. The spin chuck
52 with a semiconductor wafer W fixed thereon by vacuum
absorption, is rotated by a driving motor 54. The
driving motor 54 is arranged liftably at an opening 50a
20 provided in a unit bottom plate 50. The driving motor
54 is further connected to an up-and-down drive machine
60 including an air cylinder and to an up-and-down
guide unit 62 via a cap-form flange member 58 (e.g.
made of aluminium). A cylindrical cooling jacket 64
25 made of, for example, stainless steel (SUS), is

provided at the side surface of the driving motor 54.

The flange member 58 is provided so as to cover the



detecting a decrease in production of airflow by the fan el ement. For
exanpl e, fans for cooling sem conductor devices conmmonly enploy a

chip set to generate a notor pulse at a given frequency to drive a fan
notor. By altering the frequency of the notor pulse, the fan el enent
48 is driven at various speeds thereby incregsing or decreasing its
airflow production. By inplenenting another control chip that

generates a control pulse having a certain constant frequency which WO
95/ 31785 . PCT/ US95/ 05887
“13- woul YPBEE @ i PRFEGOR: & faithS CORFRS FAGKES Erfer mal

di ssi pation and Vﬁloer}?qﬂenq:ési}st d%q%%na ecf of t%ﬁfﬁ?é{)éa%ul ) nd the
S o

control pul se, an el“errent nee

motor pul se has #1ange nldrffUIEBY s WA (G UML) w@g%a _ew&recy- 'n

such case, the fa ement actlvate

A second source B%thonﬁp‘ieaQ@%d %&Utth%' Pled 116 et hdd Poftlion of

5 the opening 50a. In this way, the unit is sealed

airtight. When the semiconductor wafer W is delivered
between the spin chuck 52 and the holding member 48 of
the main wafer transfer mechanism 22, the up-and-down
drive machine 60 lifts the driving motor 54 together

10 with the spin chuck 52 upwards, thereby separating the
lower end of the flange member 58 upward from the unit
bottom plate 50.

A resist nozzle 86 for supplying a resist solution

to the surface of the semiconductor wafer W is

15 connected to a resist supplier (described later) via a
resist feeding pipe 88. The resist nozzle 86 is
detachably provided at an top end portion of a resist
nozzle scan arm 92 via a nozzle supporter 100. The
resist nozzle scan arm 92 is provided at the top

20 portion of a vertical supporting member 96 which is
horizontally movable along the guide rail 94 provided
in one direction (the Y-axis) on the unit bottom 50.
The resist scan nozzle arm 92 therefore moves‘in the
Y-axis direction together with the vertical supporting

25 member 96 by a Y-axis driving mechanism (not shown).

To mount the resist nozzle 86 selectively on the

resist nozzle scan arm 92 in a resist nozzle standby



sensor 58 which is an integrated circuit positioned proximate to the die

or preferably on the die 40 to nonitor its tenperature. The thernal

sensor 58 drives a THERVAL OVERLOAD signal through the second ' I nput
signal line 56 upon detecting that the processor 24 'is operating at a
tenperature greater than a prescribed boundariy t-enperature. In
order to detect whether the processor is operating at a t enperat ure
greater than the predeternm ned boundary tenperature, the t her nmal

sensor 58 nonitors .te ure dep ndent_ .vol t ages. styative
pur poses, a chosersﬁuttngﬂ]e H%eﬁ%ﬁls TG a2 fs S5§ iﬁg l?tmovabil it

contenpl ated t hat, jany Q%?’e%ﬂ:tloqpa( %ﬂ@icgﬁ%ﬁiq{% RYy ec':léfcgjn)r otheﬁM tSQ

t he pr esent [ nvent I on. own I gur e her mal ~ S€enso

(100) conprises qHRPMHY ivRflrfRaAX St é/‘%]r?r)@%eréﬂtf%tdxlﬂxpl

progranmmabl e base-emtter voltage ") circurt 120, a constant

current source 13{bcHih i iR &Hdur) er 140. The sensor anplifier 140
transmts an active signal along the second i nput signal line 56 if a base-

enmitter vobtage ("V]erprjrghedndeiperiad Wt XRpanterhe Vebs age R6O¥1degls bys
the programmable V[err] circuit 120 via a first input line 77, is greater

than a reference imddmgei (indera sl vamyiaimtbsphdie deatlgep fodmrenssrt
circuit 10 via a second input line 78. The reference voltage ("V[err]") is
set at a voltage Hiualn ttthe/[mysi]s tatndzwe eprefssard Hye dhrbio @Gy y Hewgpezat ur e.
even if the tip of the resist nozzle 86 is exposed to
the solvent atmosphere, it is designed that the resist
10 solution attached to a tip of the resist nozzle 86 is
not solidified or degraded. Since a plurality of
resist nozzles 86 are provided, a different nozzle is
selected depending upon a type of a resist solution.
The nozzle holder 100 of the resist nozzle scan
15 arm 92 is equipped with a thinner nozzle 101 for
feeding a liquid agent such as thinner to the wafer
surface in order to prewet the wafer surface before the
resist solution is supplied. The thinner nozzle 101 is
connected to a thinner supplier (described later) by
20 way of a thinner feeding tube (not shown). The thinner
nozzle 101 and the resist nozzle 86 are fixed at the
nozzle holder 100 in such a way that outlets thereof
are placed in line along the Y-axis direction of the
resist nozzle scan arm 92 moving directions.
25 Provided on the guide rail 94 are not only the

vertical supporting member 96 for supporting the resist.

nozzle scan arm 92 but also a vertical supporting
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Generally, in the thermal sensor 58, the Vbe of a transistor is
tenperature dependent (i.e., a change in tenperature causes a change in
the V[err]. The V[err] is conpared to Vout generated by the bandgap
reference circuit 110 which is not changing over tenperature. |If Vbe >
V[err], then the THERVAL OVERLOAD signal is activated. O herw se,

h OVERLQAD, si I ' [ ' . . f '
LiSuIsE§PA%heEggﬁﬁggékggﬁgrgﬁggggﬁFggSf éSYp96€F&§§°n) fo%?%ﬁﬁﬁ§é¥iﬁ#kage

e S TPt Y S AAeRBINAR! ot bl 150l UG0L 3, poryte gt
The bandgap refengpee GozcUk! sLAR HYRL 190! 18NbYulP PRl & 1P\ inse
noézle 124 for side rinse. The rinse nozzle scan arm
5 120 and the rinse nozzle 124 are moved in parallel or
in line between the rinse nozzle standby position
(indicated by a solid line) set sideward of the cup CP
and a rinse solution spurting position (indicated by a
dotted line) set right above the circumference of the
10 semiconductor wafer W mounted on the spin chuck 52, by
a Y—axis driving mechanism (not shown). -
FIG. 6 shows a construct of a control system of
the resist coating unit (COT).
A controller 130 controls individual sections of
15 the resist coating unit (COT), such as the driving
motor 54, a resist supplier 131, and a thinner supplier
132. For example, the controller 130 controls the
rotation speed of the driving motor 54 in three steps
during the resist coating. In addition, the controller
20 130 controls resist solution feeding from the resist
supplier 131 to the resist nozzle 86 and thinner
feeding from the thinner supplier 132 to the thinner
nozzle 101.
Next, we will explain how to coat resist on a
25 substrate in the resist coating unit (COT) thus

constructed.

When the semiconductor wafer W is transferred into



Vlerr] and tenperature, it nmust also be stable over process variation.
Thus, only resistor ratios should be used and all transistors within the
bandgap reference circuit 110 should be oriented in a sane direction so
that they will track each other. A pair of transistors 111 and 112 and
resistors 116 and 115 formng a current mrz®r operate at different
current densities. This produces a tenperature dependent voltage

across a first resistor 113. Athird transistor 114 controls V[err] from

h band f 110 | V h h th
rocistor 115 8 POREEIORCLiRbE heve iRl SRRnPrRrRaR ey SRRt e ) 1o
| t b t t Y " f
Thi v t ransi st or 2325189 S4TE (cB)ORY £ hEaY Ry RBber DL 8 malR,

V[err] is set ne@ég?t ggg‘é@sfer mechaRESRP2Y 0! ’éﬁgesé’x‘{\lébhaﬁgeo‘éa]l?&’f&f' at eI y

1.12 volts), the v across the resistor conpensat e
a tenperature co%t:bgmeabs%bgaeon the 8Pihhéhudkess]lwREERNES LeBPRASYUT €

i ndependent . WO 95/ 3178
PCT/ US95/ 05887 by the up—and-down drive machine 60 (an air cylinder)
and the up-and-down guide unit 62. After the semi-
conductor wafer W is vacuum-absorbed on the spin chuck
52, the holding member 48 of the main wafer transfer
mechanism 22 is moved back from the resist coating unit
10 (COT). 1In this manner, the semiconductor wafer W is
completely delivered to the resist coating unit (COT).
Subsequently, the spin chuck 52 is moved down to
move the semiconductor wafer W to a predetermined
position in the cup CP and then rotation of the spin
15 chuck 52 is initiated by the driving motor 54. There-
after, the nozzle supporter 100 starts moving from the
resist nozzle standby unit 90 along the Y-axis.
Thinner supply to the surface of the rotating
semiconductor wafer W is initiated when the outlet of
20 the thinner nozzle 101 arrives at the center of the
spin chuck 52 (the center of the semiconductor wafer W).
The supplied solvent onto the wafer surface is
uniformly spread by centrifugal force over the entire
region from the wafer center to the peripherél region
25 thereof.

Following that, the nozzle supporter 100 is moved .

in the Y direction until the outlet of the resist



-15- I[llustrated in Figure 9, a constant current source 130 is

needed to enabl e the thermal sensor 58 to be stable over Vcc ranges
since a fixed base current ("i[err]") is constant. Thus, only Vbe
varies with a change in tenperature. The constant current source 130
I s obtained by taking advant age of. the canstant voltage produced by
t he bandgap reference circuit 110. This current source 130 coupled to
t he bandgap reference circuit 110 are shown in Figure 10.

A vol t t b f first | St 31,is held at
mai ntaning a colGEANE BAr PERLVER Blgfing CRPEES 0% S8, P32 CPHFE 52

t ant t..fl th h d t | st 133 '
i rrored hr oughUBBatPeortEArPa BdCrGulEh-dBuPte Tratersars 14 and
135. Th t 1 i.d .
referengecg{;gzi?égggggﬁrggSEHSRggi%ﬁ%dggfgggsépggt}gﬁ g%SQg%PFFPﬁegoﬁfce

transistor 136 |hosbaihdohauaghed hitat Lastend elchherchoid bhapy ther 114

being tied to V[err], 1t connects to a base o I fth source transistor
136 ghi ch pagiBeencaddedsdsia galiRiakads. theeehbquicdtInyr ¢esist

transi stor 135 provi des a constant current source for the progranmabl e
V[err] circuit over the wafer surface.
In this embodiment, the rotation number of the
driving motor 54, in other words, the rotation number
of the semiconductor wafer W during the resist coating

10 is controlled in the following manner:

Step Time Speed Acceleration supplied solution

1 1.0 0 10,000
2 1.5 0 10,000 Thinner
3 1.0 2,000 10,000

15 4 2.0 4,500 10,000 Resist
5 1.0 2,000 30,000
6 30.0 3,000 10,000

Rotation of the semiconductor wafer W is initiated

(Step 1). At one second after the rotation is

20 initiated, thinner supply from the thinner nozzle 101
to the center of the semiconductor wafer W is initiated
(Step 2). The thinner supply is terminated although
the rotation of the semiconductor wafer W is still
continued (Step 3). In this step, thinner is spread

25 uniformly from the center of the semiconductor wafer W
to the peripheral region.

As shown in FIG. 7A, while the semiconductor wafer



120. Since the bandgap reference voltage ("V[err]") controls
t he current source 130 which, in turn, controls the bandgap reference
circuit 110, sone problens can occur. A first problemis ensuring start-
up operations of the thermal sensor 58 when power is first applied. To
ensure such start-up operations, transistors 137a-137c have been added.
When Vcc starts to increase fromzero Vol4s,2%urtent is provided to the
bandgap reference circuit 110 through the transistor 137a. As current
starts to flow through the transistor 137a, it is mrrored through the

WO 95/ 31785 W is being rotated at 4500 rpm in Step 4, resist
PCT/ US95/ 05887 - 16-

transistor 137c s@td@ion %%ﬁ?f‘sfﬁxﬁ)rtﬁé;7ﬁe§is9{f tifodMd W & fehBreaies of
the voltage gain of the fifth source transistor 136, the current continues
to build in the hehdgep seiirendector crdfed W) 1ntinitieeddidnt tdomnsinicdy
for 2 seconds. After termination of the resist
5 solution supply, the rotation speed of the semi-
conductor wafer W is drastically reduced (Step 5) to
2000 rpm. After the semiconductor wafer W is rotated
at as low a speed as 2000 rpm for one second, the
rotation of the semiconductor or wafer W is increased
10 (Step 6). The semiconductor wafer W is then gotated at
3000 rpm. In the step 6, the semiconductor wafer is
dried by shaking off the resist solution coated on the
surface thereof.
For comparison, we will show how to control the

15 rotation of the semiconductor wafer W in a

conventionally used method:

Step Time Speed Acceleration supplied solution
1 1.0 0 10,000
2 1.5 ] 10,000 Thinner
20 3 1.0 2,000 10,000
4 3.0 4,500 10,000 Resist
5 30.0 3,000 10,000
In this embodiment, rotation of the semiconductor
wafer W is initiated in Step 1. At one second after
25 the initiation of rotation, thinner supply to the

center of the semiconductor wafer W is initiated

(Step 2). The thinner supply is terminated although



114 starts to control the base of the fifth source transistor 116. A
transi stor 138 may be added to power down or disable the thernal

sensor 58 for testing. For the thermal sensor 58 to operate,
not only is a stable V[err] needed, but al so-a tenperature varying
voltage i s needed. This tenperature vagyi ng voltage i s produced by

t he programmabl e Vbe circuit 120 having a V[err] nmultiplier circuit
121 as shown in Figure 11. The nmultiplier circuit 121 consists of a
first multiplier_gransistor 122, a . first |tip]ier resistor 123 and
a second nultiplFé? F8§P%ﬁ8p T%4S?W1C°nduc§8Fi§g%ﬁFi &5l Lty of
resistors (a "regj ries" _125). The resistor series 125 and the
first nultiplieréégégéPér igiegrg?éoupled to a base 122b of the

first multiplier tran§%25$5w%2§9a99Ge”5%56% %%ﬁﬂﬁét%%?iﬁéﬁgﬁﬁﬁaﬁ wafer

mul tiplier transistor and therefore, influence

vol tage along signgk bbARglf8rafull 88! kool dEnyDRHAA JOIIAGR Joh agual

to Vbe of the first multiplier transistor 1 Bl us a voltage drop across

the first gultipkipp1iedi §b0tnd28entlir 8RE EBHRUGRNE S StsJBYdsP! i er
resistor 123 is dependent on the resistive value of the resistor series 125

in which its resistepesyal ughdepetdeion wheeleb witiheh seimildendueitest i ng

transi stors 126-128 are activated (i.e., whether the resistor 125 is

shorted) so as twafbangeikheeduceantot B0OOgkphheof ishetkend fifi plhieer
resist solution (Step 5). In this way, the wafer W is
dried.

10 The rotation control of the semiconductor wafer W
performed in the resist coating step of this embodiment
(shown in FIG. 7A) is compared to that of a conven-
tional rotation control (shown in FIG. 7B). The manner
of this embodiment differs from that of the conven-

15 tional manner in that the semiconductor wafer W is
rotated at as low a speed as 2000 rpm in Step 5 right
after the termination of the resist solution. By
virtue of the presence of this step, the resist
solution can be coated uniformly on the surface of the

20 semiconductor wafer W without leaving ripples on the
surface thereof.

The mechanism how to prevent the generation of
ripples is explained with reference to FIGS. 8A to 8D
and FIGS. 9A to 9D. FIGS. 8A to 8D show a conventional

25 case. FIGS. 9A to 9D show the case of this embodiment.

In the conventional case, ripple H generated at

the center of the semiconductor wafer W right after the



resistor 123. Referring back to Figure 8, these signal |ines

are inputted into an on-chip logic gate 59 (e.g., an AND, OR XOR,
etc.), having at |east one WO 95/ 31785
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FAI LURE signal line 60 which, however, opergtes_as a select line for an

on-chip nultiplexor 61. It is contenplated that nultiple Iines may be
necessary dependi ng on the nunber of inputs into the on-chip

mul ti pl exor 61. . . The mul tiplexor 61 includes nultiple clock

i nputs 62 and 63 WrminatigrAf fder regdshcSedutiraer SURPAYHi ASt SPESER i nput

Is a high clock signal ) .
toward the periphery of the semiconductor wafer by

ceptrifugal force, as shown in FIG. 8A. Since the

semiconductor wafer W is rotated at as high a speed as
5 4,500 rpm, the resist solution spread over the

semiconductor wafer surface starts getting dry, as

shown in FIG. 8B. Since the semiconductor wafer W is

dried by shaking off the resist solution in this way,

ripples H are left on the surface of the semiconductor
10 wafer, as shown in FIGS. 8C to 8D.

In the case of this embodiment, in contrast, the
rotation speed of the semiconductor wafer W is once
reduced to as low as 2000 rpm in Step 5 which is
performed right after the termination of the resist

15 solution. At this point, the ripples which have been
spread outward by centrifugal force are then moved back
toward the center, as shown in FIG. 9A. Thereafter,
the semiconductor wafer W is continued to rotate as low
a speed as about 2000 rpm, so that the dehydration of

20 the resist solution does not proceed as shown in
FIG. 9B. The resist solution containing ripples H is
thus leveled. Following that, the semiconductor wafer
W is dried by shaking off the resist solution, with the
result that the resist solution is coated uniformly

25 without forming ripples on the semiconductor surface,
as shown in FIGS. 9C to 9D.

In addition, the semiconductor wafer W is rotated



havi ng a cl ocki ng frequency equivalent to a maxi mum cl ock frequency
supported by the processor 4 and a second clock input is a | ow clock
signal having a clocking frequency |l ess than the high clock signal. For
exanple, the low clock signal may be the CLK signal operating at 33
MHz and the high clock signal may be operatiyyg at |east twice the
frequency of the CLK signal (e.g., between 80-100 MHz). It is
contenpl at ed, however, that a variety of clock signals with different
frequencies could be inputted into the nultiplexor 61, provided that at

| east the second @i &k ‘GG sBRRd £2SAGITL IR 130 1IRR reguidhly afdsahdthe he
even 1 the fan HEMEATIOR Dhera S 14 RHa AT REPRIG Wi 60 i s
T, B i R A S 4 T
Chereby requtri ng SRt iR 76 s GRS I E 0L dd fom
as discussgd aboveregist film unf¥orHRMAd b iU dnifed il am of

t he operational
Whereas in the conventional method, the semiconductor

wafer W is rotated at a considerably high speed in
excess of 3000 rpm right after the termination of the
resist solution supply in order to reduce resist

10 consumption. The resist film becomes thinner during
the high speed operation but sometimes fails in
uniformity. To reiterate, since the rotation speed of
the semiconductor wafer W is reduced drastically to a
low speed of 2000 rpm after the supply of the resist

lS solution in this embodiment, the resist film does not
reduce drastically in thickness and therefore formed in
a predetermined thickness.

In the embodiment mentioned above, we have

explained the case where the present invention is

20 applied to the apparatus for coating a resist solution
to a semiconductor wafer. The present invention can be
applied to an apparatus for coating a resist solution
over a substrate except a semiconductor wafer, such as
an LCD substrate.

25 The embodiment mentioned above is explained by
exemplifying specific rotation numbers and the like.

The present invention is not limited to the rotation



structure of the present invention illustrates the desired characteristics

of the present invention. The present invention has two states, namnel y
a Nornmal state 111 and a Failure state 112. Each of these states WO
95/ 31785 PCT/ US95/ 05887
- 18- has one state transition represggted by arrows 113 and 114,
which is the only possible transition in the next clock cycle from
its respective state 111 and 112, respectively. At
power-up of the conputer system the present invention ypically

resi des in the NBRERAPrstBeatiened,n RBenEnbstzpselmay bﬁerpeeked at aBygnal
has a frequency equivalent to a maxinmum cl ock frequency. Once t he
FAI LURE si gnal i 58108t BHTRRE a5néARBneselihGi FREARORL RUBPEHaFaN be t he

r nt inventi nt er he Fail ur 112 he Fail ur
present ent OgrgsggcgliyeregucgdetgtatEow rotatlgnenu% e% %lahate

after the termination of the resist solution supply.

5 According to the present invention detailed in the
foregoing, the rotation number of the substrate is
drastically reduced after termination of the resist
solution supply and the substrate is rotated at a low
speed to shake off the resist solution and dried. It

10 is therefore possible to coat the resist solution
uniformly over a substrate surface without leaving
ripples etc.

According to the embodiment mentioned above, the
substrate is rotated at a low speed until dried by

15 shaking off the resist solution. It is therefore
possible to form a resist film uniformly in a desired
thickness.

According to the present invention, after a
prewetting liquid is supplied to a substrate surface, a

20 resist solution is coated on the substrate surface. It
is therefore possible to enhance the effect of coating
the resist solution uniformly on the substrate surface
without leaving ripple marks etc.

Now, we will explain another embodiment of a

25 photoresist coating method and apparatus capable of

forming a coating film uniformly in a predetermined

thickness even if the dropwise supply of the resist



112, the ICLK signal has a frequency equal to the CLK signal or any
ot her predeterm ned nultiple of the CLK signal, provided that the
predeterm ned nultiple of I1CLK signal and sufficiently | ow so that
thermal dissipation by an inoperative fan/heatsink i.s acconpli shed.

After entering the Failure state 112, the present invention cannot
transition to the Normal state 111 unless a SET signal is active
and the FAILURE signal is inactive. The reason being that it is not

desirable for the processor to oscillate between states in the event of
an internittent F@lditigrofta KderAeriREngugir. sTrdaRESEE giegugled in
I ndi cates that the conputer system (and thus the processor) has
di sengaged oper atf$¥nthormal |y acconplished by turning off the
conputer allowing the fan to reset and the processor_to cool.
A variety of methods mMeF FePiistd GOR tddide APPRATR b i9E) tdH Sorfbodimengsds of
220 far e cond i Pkl g et 10l LIS O AI0%8 10 gl SEUSEC
control 1goudh SelSel) odly Bl | Sl E A B e CPECK
thereof is therefore omitted herein. Then, how to
operate the resist coating apparatus will be explained
on the basis of the photoresist coating method of this
embodiment.
10 When the wafer W is transferred to a position
right above the cup CP within the resist‘coating_unit
by the holding member 48 of the main wafer transfer
mechanism 22, the wafer W is vacuum-absorbed by the
spin chuck 52 moved up by the up-and-down driving
15 machine 60 including an air cylinder and the up-and-
down guide unit 62. After the semiconductor wafer W is
vacuum-absorbed on the spin chuck 52, the holding
member 48 of the main wafer transfer mechanism 22 is
moved back from the resist coating unit (COT). 1In this
20 manner, the semiconductor wafer W is completely loaded
into the resist coating unit (COT).

Subsequently, the spin chuck 52 is moved down to
move the semiconductor wafer W to a predetermined
position within the cup CP and then rotation of the

25 spin chuck 52 is initiated by the driving motor 54.

Thereafter, the nozzle supporter 100 starts moving from.

the resist nozzle standby unit 90 along the Y direction.



WD 95/ 31785

PCT/ US95/ 05887 -19- driver
to access the MCT register nmust be witten for a particul ar - operating
system (e.g. DOS, Wndows, OS/2[err], UNIX etc.) of a conput er
systemutilizing the sem conductor device w.th the f an/ heat si nk.
Thereafter, an application is executed whi ¢ lmakes a function call to
the driver to access the fan-fail bit and return its val ue. Based on
the returned value, the application then notifies the end user by

di spl ayi ng a nessage dihemethe spitahetdend dehe etlginner "powznle st kea'rives
i nstruction) or the like. This application my be run by the user or
may run conti nuowsl yheroréntes f tihe fsgpairf ahudk t52 (the center oMhatheer

method is to create a software program whi ch estinates t he speed of
t he semi conduct orseehfandupta safismdla Bode lvantng fof eaxample ;i rfdtimnan ons
and conparing its execution speed with its predeterm ned execution

speed for normal GpURRIGEDQCTR Ithgsarface afe theecntaning semigeed i s
bel ow a certain per ccﬁ?t%gre of _the predeterm ned executjo eed,_the

sof tware pPogr amTBtTHG e i end usdha F VG GHRRIGEh[nto the wafer

surface is uniformly spread by centrifugal force over
an entire peripheral region.
Following that, the nozzle supporter 100 is moved

in the Y direction until the outlet of the resist

10 nozzle 86 arrives at the center of the spin chuck 52
(the center of the wafer). The resist solution is then
supplied dropwise to the center of a rotating semi-
conductor wafer surface from the outlet of the resist
nozzle 86, thereby coating resist over the wafér

15 surface.

In this embodiment, the rotation number of wafer W

(rotation number of the driving motor 54) is controlled
in the manner shown in the steps (a) to (c) (also shown
in FI1G. 10).

20 (a) While the wafer W is being rotated at a first
rotation speed, a resist solution is supplied dropwise
to substantially to a center of the wafer W from a
resist nozzle 86. The resist solution is coated over
the wafer W by spreading it outward thereof.

25 (b) After completion of the dropwise supply of
the resist solution, the rotation speed of the wafer W .

is reduced to a second rotation speed which is slower



been reduced presunmably due to a thermal error condition. The

present invention described herein may be designed in many different
enbodi nents evident to one skilled in the art than t hose descri bed

Wi t hout departing fromthe spirit and scope of the - present invention.
For exanple, although particular exenplaLy ghock frequenci es have been
set forth, principles of the invention may be applied to systens

enpl oying different frequencies. The invention shoul d, therefore be
measured in terns of the clainms which foll

- 20- pan t Enﬁﬂé?édrﬂFPﬁFﬁ“asgﬁﬁ@céﬁﬂuEPSrt&é?ﬁc§°ﬁ§§ﬁﬁ§ a fan

el enent dlsposed thereo g & grated circuit for reducing a clocking
freguency of an Fﬁ?@ﬂngﬁsEFd RAsP§ASY -used by core circuitry within the

n r Vi [ . .
sem conductor devi ce, %3 dThereafter, the wafer rotation speed is

increased to the third rotation speed which is slower

5 than the first rotation speed and faster than the
second rotation speed, to thereby shake off an excess
resist soclution.

The steps (a) and (c) employed herein are the same

as those of a conventional method. The first rotation

10 speed is set to, for example, 4500 rpm. The third
rotation speed is set to, for example, 3000 rpm. The
step (b) is an intrinsic step to this embodiment. 1In
the step (b), the wafer rotation speed is reduced to
the second rotation speed only for a predetermined

15 time-period right after completion of the dropwise
resist solution supply. The thickness of the wafer W,
particularly, the film thickness of the peripheral
portion of the wafer W is controlled during this step.
In this case, the lower the second rotation speed, the

20 higher the deceleration speed for reducing the rotation
speed up to the second rotation speed, and the longer
the deceleration time, the thicker the film thickness
of the peripheral portion. This is because when the
rotation speed is reduced to as low a speed as the

25 second rotation speed, fofce directing toward the
center of the wafer W, produced by the deceleration,

acts upon the resist solution present on the



integrated circuit conprising: mul ti pl exi ng neans for

transmtting one of a plurality of input clock signals to said core
circuitry as said internal clock signal, said plurality of input
clock signals including at |east a first input clock signal havi ng a

first clock frequency and a second input_cl gk signal having a

second cl ock frequency, wherein said first clock frequency is substantially
greater than said second clock frequency; and | ogi ¢ means for

selecting said internal clock signal, said |Qgic, neans, is coupled to

said multipl exi ngEREEABINAFREMaBeEeVect 1N AddihERRei RLBGPJthe rotafign,.

means selects said firs iﬂ ut cl ock signal to bhe said.,inter
nk $ss S 10

al . clock
Signal if said SEPEEE PPnbMPsepRabErbe. £° low, the TeSiRl fAlupiGRels
cLcult, sccordingeigaclabily, Wier sl Doate, |k oedERDe RELVELoBHE foa
in a uniform thickness. More specifically, the amount
5 of the resist solution spread ouﬁward of the wafer W is
suppressed by the force directing toward the center of
the wafer, produced by the deceleration. 1In this
mechanism, almost the same volume of the resist
solution is applied to not only the center portion but
10 also the peripheral portion. The amount of the resist
solution present on the peripheral portién is con-
sidered to increase, the slower the second rotation
speed, the larger the deceleration of the second
rotation speed, and the longer the timeé required for
15 deceleration, as described above. It follows that the
film formed in the peripheral portion of the wafer
becomes thick by the increase.
In the conventional spin-coating method (that is a
method of shaking off the resist solution without
20 deceleration of the rotation speed, after completion of
the dropwise supply of the resist solution), when the
dropwise supply volume of the resist solution to the
semiconductor wafer W is reduced, the resist solution
dries before the resist solution supplied is spread
25 outward sufficiently. It follows that the resultant
film is thinner in the peripheral portion than in the

center portion. It is therefore difficult to control



performance by a predeterm ned percentage. 3. The integrated
circuit according to claim?2, wherein said | ogic neans activates said
select line if a thermal sensor coupled to said core circuitry indicates
that said integrated circuit is operating at a tenperature greater than a

prescri bed boundary tenperature. - 434 _The integrated circuit
according to claim3, wherein said first clock frequency is at |east twce
sai d second cl ock frequency. -21 -

the thickness of the coated film.

Whereas, in the spin coating method according to
th;s embodiment, the volume of the resist solution
déposited on the center portion is equal to that on the

5 peripheral portion by reducing the rotation speed to a
second rotation speed during the coating step. As a
result, the film thickness of the peripheral portion is
as thick as that of the center portion. In other words,
the thickness of the resist film can be adjusted in the

10 reduced rotation speed so that the resist film is
formed uniformly in thickness over the entire wafer
surface. In addition, even if the amount of the resist
solution supplied dropwise to the wafer W is reduced,
the coated film can be formed uniformly in a predeter-

15 mined thickness. The present invention is therefore
extremely effective in reducing the consumption of the
resist solution.

In this case, to form a film uniformly in
thickness, the wafer is preferably rotated at a second

20 rotation speed of 1000 rpm or less, and more preferably,
100 to 200 rpm, for 1 to 3 seconds.

Before the resist coating, if the entire surface
of the semiconductor wafer W is wetted with a solvent
such as thinner as described above, i.e., subjected to

25 prewet treatment, the resist can be more easily spread.
As a result, the uniform resist film can be formed with

a smaller amount of the resist solution. In other



5. The integrated circuit according to claim 4, wherein said first
clock frequency is 83.3 negahertz. 6. The integrated circuit according
to claimb5, wherein said sem conductor device is a processor. 7. A
integrated circuit for reducing a clocking frequency of an internal clock
signal used by core circuitry within a sgni?gndgctor device including a fan
el ement di sposed thereon to dissipate heat from said sem conductor device,
said integrated circuit conprising: a multiplexer for transmtting
one of a plurality of input clock signals to be said internal clock
signal, said pl uFaFffy SFS#ﬁﬁuFOBFB@Rt§P§n§P§ bRcrgdiufgdaforgast a first

I nput clock si gnal hav%gg a first clock frequency %nd a second_i nput cl ock

signal having a second 'S BERSEPEQEBRERLiRRerlsi ROSaildTHitest T &b frequency

's aforementioned embodiments and can be modified in

various ways. The rotation speed is reduced to the

5 second rotation speed after termination of the resist
supply in the aforementioned embodiments; however, it
is not necessary to reduce the rotation speed after the
termination of the resist supply. In other words, the
rotation of the wafer may be decelerated before or

10 during the resist supply. It should be however noted
that it is rather better to reduce the rotation speed
after the termination of the resist supply to save
resist. Furthermore, prewet treatment is performed
with thinner in the aforementioned embodiments; however,

15 even if the prewet treatment is not performed, the
effect of the present invention can be obtained.

In the embodiments, we will explain the apparatus
for coating a resist solution on the semiconductor
wafer. However, the present invention may be applied

20 to the case where a resist solution is coated on a
substrate except the semiconductor wafer, for example,
an LCD substrate.

Next, we will explain how to control the film
thickness in accordance with the embodiments of the

25 present invention, more specifically.
A silicon wafer (8 inch) was first set on the spin.

chuck and the rotation of the wafer was initiated. One



substantially greater than said second clock frequency; and at

| east one logic gate for selecting said internal clock signal, said logic
gate is coupled to said nmultiplexer through a select line, wherein said

|l ogic gate activates said select line to select said first input clock
signal to be said internal clock signal _ifigaid fan el enent experiences
degradation in performance by a predeterm ned percentage. 8. The
integrated circuit according to claim?7, wherein said | ogic nmeans
activates said select |ine if a thermal sensor coupled to said core
circuitry indi c8e69chdRtesi dthinagral édOcFEduiasi §uPppdigdi.ng The wafer
tenperature greater than a prescribed boundary tenperature. 9. The
i ntegrated circuMF@Sa®L&GGtE§% §°L P/ §SCRREr ¥ 18ar@tRtisg @todk speed
frequency is appr

frequency. o%*5%%%6E%msqu%%e&ga%¥ekea% et¥B%%ti%ZQS%%%%n%fck%%k
wafer was increased up to 3500 rpm (acceleration:

5 10000 rpm/sec). The resist solution was supplied while
rotating at this speed.

A resist film was formed by the steps of supplying
the resist solution in an amount of 1.5 cc, reducing
the rotation speed to 2000 rpm in accordance with the

10 conventional manner, and shaking off the resist
solution to dry. Another resist film was formed in the
same manner as in the above except that the resist
solution was supplied in an amount of 0.5 cc. The
profiles of the film-thickness distribution of the

15 resist films on the wafer thus obtained were compared
as shown in FIG. 1]1. The resist film was obtained in
almost uniform thickness when the resist solution was
supplied in an amount of 1.5 cc; whereas non-uniform
when the resist solution was supplied in an amount of

20 0.5 cc. In the latter case, the film thickness of the
peripheral portion was significantly thin compared to
the central portion.

Next, a resist film was formed by the steps of
supplying the resist solution in an amount of 0.5 cc,

25 reducing the rotation speed of the wafer to 100 rpm

within the range of the present invention

(acceleration: 30000 rpm/sec), and maintaining the



-22- 10. A conput er system conpri Si ng: means for storing

I nformati on; processi ng neans for processing said information, said
processi ng nmeans i ncl udes (1) core circuitry for processing
said information, and (ii) anintegrated circuit for
reduci ng a clocklng frequency of an i gerpnal clock signal used by
said core circuitry within said proceSS|ng nmeans, said integrated
circuit includes (a) mul ti pl exi ng neans for
transmtting one of a _pluralit of input clock s nals to be
said internal CIBEEa§98ﬁaFPe§§|§°ﬁI&rglﬁﬁ9roﬁncrea51ng the tigrock

signals including at least a_fir ut cl.ock signal haV|n
g g ed to shake o%% tﬂg resist so&%t%on to y. Another

resist film was formed in the same manner except that
the rotation speed of 100 rpm was maintained for

5 1.5 sec after the speed reduction. From the results
shown in FIG. 12, it was confirmed that the resist film
is formed in a uniform thickness if the rotation speed
is reduced to 100 rpm or less after the resist solution
is supplied. 1In particular, the uniformity of the

10 resist film is improved if the wafer is rotated at the
rotation speed of 100 rpm for a longer period, 1.5 sec.

Next, variance in thickness of the resist film in

the same wafer plane was checked with respect to 50
resist films formed under the conditions: rotation

15 speed after the speed reduction: 100 rpm, maintained
for 1.5 sec. The coating was performed under the
conditions shown in Table 1 and a resist temperature:

22.2°C, inner temperature and humidity of the cup: 23.0C

and 45.0%.
20 Step Time Speed Acceleration supplied solution
(sec) (rpm) (rpm/sec)
1 1.0 0 10,000
2 1.5 0 10,000 Thinner
3 1.0 2,000 10,000
25 4 1.0 3,500 10,000 Resist
5 1.5 100 30,000
6 30.0 2,390 10,000

Rotation of the wafer was initiated (Step 1). One



a first clock frequency and a second input clock signal having a

second cl ock frequency, wherein said first clock frequency is
substantially greater than said second cl ock frequency, and .

(b) | ogic means for selecting said internal clock signal, said

| ogic means is coupled to said nultiplexing ?gan§ t hrough a sel ect

line, wherein said |logic neans selects said first input clock signal to
be said internal clock signal if said select line is inactive; and
(ii1) bus neans, cougled to said storing nmeans and sai d processing

means, for enabli$RCeBATLALREL i BRLPRINEERS sSTHRP LSRR | HR) TRRReRIRE of fhe

processi ng nean The_i ntegrated cjrcui# gﬁgordjn ai m
n

0. “ahor 61 sai d YREPE (FEdRoZhot AGTEE CHRBLGHTARE 9F noie (LHMEET arihe
el ement experiences dedfadatbeletd aPo5000 "BOS Y £, 6T SUELKE LS 3.
per cent age. :
Thereafter, the rotation speed of the wafer was
5 increased to 3,500 rpm and the resist sclution was
supplied to the center of the wafer (Step 4). After
the resist solution supply was terminated, the rotation
speed of the wafer was reduced to 100 rpm and
maintained for 1.5 sec. (Step 5). Then, the resist
10 solution was shaken off at a speed of 2,390 rpm to dry
the wafer.

As a result, variance in thickness in a single
wafer plane and variance in thickness in all wafers are
shown in Table 2 and FIG. 13. It is demonstrated that

15 the wvariances in thickness of a single wafer plane and

of all wafers are small.

Average Range 30
(angstxrom) (angstrom) (angstrom)
20 Single 7307.41-7325.59 14.00-25.00 9.21-17.49
water plane
All wafers 7317.08 41.00 18.06

The film thickness was measured by selecting 39
25 points in the radial direction of the wafer except the
edge area of 5 mm.
As explained in the embodiments of the present
invention, the resist solution can be supplied equally
to the peripheral portion and the center portion by

30 reducing the rotation speed of the substrate during the



12. The integrated circuit according to claim1l, wherein said |logic
nmeans activates said select line if a thernal sensor coupled to said core
indicates that said integrated circuit is operating
at a tenperature greater than a prescribed boundary tenperature. 13.
integrated circuit according to claim 12, wheein said first clock
frequency is approxinmately equal to at |east tw ce said second cl ock

circuitry

frequency.

10

15

20

14.

A conput er system conpri si ng:

The

resist coating step. Therefore, the resist film can be

formed uniformly over the entire substrate region, even

if the supply amount of the resist solution is reduced.

Accordingly, the method of the present invention is
extremely effective in reducing the consumption of the
resist solution.

Since the surface-prewetting liquid is supplied
before the resist coating, a resist film can be formed
uniformly even if the resist solution is supplied in a
lower amount. It is therefore possible to reduce the
consumption of the resist more effectively. In
addition, the resist film can be formed thin.

Since the resist film is formed uniformly by
reducing the rotation speed of the substrate after
termination of the resist supply, the supply amount of
the resist can be further reduced.

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
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.



a first sem conductor device; a second sem conduct or devi ce having
a fan el enent dlsiosed t hereon, said second sem conductor device

i ncl udi ng: ”!lll I" lLHIH“NLIﬂme circuitry for processing said information,
and ' IEHHRY PRJegfEt ed circuit for reducing a clocking frequency
of an 4 hnternal cl ock signal used.inggrnally by said second

sem conduct or devi ce, said integrated circuit inctTHISESHE

a multiplexer for transmtting one of a plurality of input cl Q«EngAgAg BEEN

signals to be said internal clock signal, said.plurality
signal s i ncluding at |east a firstCPﬁBH§ cl ock signal having a first

cl ock frequency and a second input clock .signal .havin d
cl ock frequency, wherédin re31s§apgappp§tmg%§8g Fggﬁﬁéﬁéﬁgi§h§u§§%§%tia||y
greater than saig second cl ock

supplying a resist solution to substantially a
5 center of a surface of a substrate while the substrate
is rotated at a first speed;
rotating the substrate at a second speed by
decelerating the rotation of the substrate from the
first speed to the second speed; and
10 rotating the substrate at a third speed by
accelerating the rotation of the substrate from the
second speed to the third speed after the substrate is
rotated at the second speed for a predetermined time-
period.
15 2. A resist coating method comprising the steps
of:
supplying a liquid agent for wetting the substrate
surface to the substrate surface;
supplying a resist solution to substantially a
20 center of the substrate surface while the substrate
with the liquid agent supplied thereon is rotated at a
first speed;
rotating the substrate at a second speed by
decelerating the rotation of the substrate from the
25 first speed to the second speed after the supply of the
resist solution is terminated; and

. rotating the substrate at a third speed b
This Sheet Has Been Replaced g a P Y
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frequency, and at | east one logic gate for selecting said
i nternal clock signal, said | ogic gate is coupled to said nultiplexer
through a sel ect Iine wherein said | ogi ¢ gate activates_ _said sel ect

O ey

eto select sal irst input clock signal to beTSH S SHEN BAE Fery {

lin

cl ock signal I g I Iﬂjﬂ t experiepcegidegradation in REPLACE

per f or mance b percentage from nor nal Jgﬁﬁeemmmuajgg_~_’
said fan el enent; and

accelerating the rotation of the substrate from the
second speed to the third speed after the substrate is
ro;ated at the second speed for a predetermined time-
period.

5 3. A resist coating method comprising the steps

supplying a liquid agent for wetting a substrate
surface to substantially a center of the substrate
surface while the substrate is rotated at a first

10 speed;

supplying a resist solution to substantially the
center of the substrate surface while the substrate is
rotated after the supply of the liguid agent is
terminated;

15. rotating the substrate at a second speed by
decelerating the rotation of the substrate from the
first speed to the second speed after the supply of the
resist solution is terminated; and

rotating the substrate at a third speed by

20 ~accelerating the rotation of the substrate from the
second speed to the third speed after the substrate is
rotated at the second speed for a predetermined time-
period.

4. The resist coating method according to claim 2

25 or 3, wherein the liquid for wetting the substrate
surface is thinner. |

This Sheet Has Been Repla 5. The resist coating method according to any one

T




a bus, coupled to said first sem conductor device and said second
sem conductor device, for enabling commnication between said first and
second sem conduct or devices 15. The conputer syst

accordina to

THISOSHERISHAS BEEN

claim 14, mher "nlﬂﬂg seniconductor devi ce i
:
:

I ncl udi ng core by sai d- i ARerral clopk si REPLACEDG.
conmputer system acceo Lngﬂto c a|n115 wherein said |lo
said select line if a thermal sensor coupled to said core circuitry

i ndi cates that said inte t A
greater than a BFeSEP%8§5§b§§n§3?§ Féﬁ%érggﬁﬁgklg%%atS%ﬁg%ggﬁp?{§?3595ten1

according to Cla'gkégio%hgﬁggass§591EE§SEh%|?8&10w1ng relationship: the

first speed > the third speed > the second speed.

6. A resist coating apparatus comprising:

5 a substrate holding member for holding and
rotating a substrate;

a nozzle for supplying a resist solution to
substantially a center of the surface of the substrate
held by the substrate holding member; and

10 a control section for rotating the substrate at a
first speed by rotating the substrate holding member at
the first speed when the resist solution is supplied to
the substrate, rotating the substrate at a second speed
by decelerating the rotation of the substrate holding

15 member to the second speed, and rotating the substrate
at a third speed by accelerating the rotation of the
substrate holding member after the substrate holding
member is rotated at the second speed for a
predetermined time-period.

20 7. A resist coating apparatus comprising:

a substrate holding member for holding and
rotating a substrate;

a first nozzle for supplying a liquid agent for
wetting a substrate surface to substantially a center

25 of the surface of the substrate held by the substrate

holding member;

I

a second nozzle for supplying a resist solution to
This Sheet Has Been Repl
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frequency is approximtely equal to at |east tw ce said second clock
frequency. 18. A nethod for detecting and reducing an internal clocking
frequency of a sem conductor device having a fan el enment di sposed thereon

sai d met hod conprl det ermi ni ng WhFLHc1 =

condi tion exists, ﬂlﬂﬁ 'Mﬁ”l!jﬂalfmon bei ng3that said f 'ﬂﬁéﬁfﬁﬂ HAS BFFN
experienci ng degra lcONci N nce by a predeterm ne per BERLARF® from
a nornmal performance IeveI detern1n|ng whet her a second‘conultlon

exi sts, said seco bel i d se cond r de e
operating at a t & era“*n ]glyea '&ﬁfn%f s‘%re é’lrl ary es.rtﬁf eture
and r educi g £ c sem - conduct or
device if at | eé{ﬂt k?)ﬁde}%ofﬂ(gf gﬁfag%'nt% an seconﬁ%c%o%n t| osazr%lsddem st.

a control unit for rotating the substrate at a

first speed by rotating the substrate holding member at

5 the first speed when the resist solution is supplied,
rotating the substrate at a second speed by decelerat-
ing the rotation of the substrate holding member to the
second speed after the supply of the resist solution is
terminated, and rotating the substrate at a third speed

10 by accelerating the rotation of the substrate holding
member at the third speed after the substrate holding
member is rotated at the second speed for a
predetermined time-period.

8. The resist coating apparatus according to

15 claim 7, wherein the liquid agent for wetting the
substrate surface is thinner.

9. The resist coating apparatus according to
claim 6 or 7, wherein the contreol unit controls the
rotation speed of the substrate holding member so as to

20 satisfy the relationship: the first speed > the third
speed > the second speed.
10. A resist coating method comprising the steps
of:

coating a resist solution by spreading the resist

25 solution outward of a substrate while the resist
solution is supplied to substantially a center of the

substrate which is rotated;
This Sheet Has Been Replaced
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Ca -25 - 19. The net hod
according to claim 18, wherein said sem conductor device is adapted for
use in a conputer system having a predeternm ned operating

met hod accor di nﬂ!mmm‘[ﬂm‘lmjnﬂj't her corrpr_i si429 t-he step ol Thﬁt%ﬂéﬁ&%ég BE

controlling a film thickness uniformly by once
decelerating the rotation of the substrate during the
resist coating step; and
shaking off an excessive resist solution by
5 accelerating the rotation of the substrate.
11. A resist coating method comprising the steps
of:
supplying a liquid agent for wetting the substrate
surface to a substrate surface;

10 coating a resist solution by spreading the resist
solution outward of a substrate while the resist
solution is supplied to substantially a center of the
substrate which is rotated;

controlling a film thickness uniformly by once
15 decelerating the rotation of the substrate during the
resist coating step; and
shaking off an excessive resist solution by
accelerating the rotation of the substrate.
12. The resist coating method according to

20 claim 10 or 11, wherein the rotation of the substrate
is decelerated after the supply of the resist solution
is terminated.

13. The resist coating method according to
claim 11, wherein said liquid agent is supplied to

25 substantially a center of the substrate surface while
the substrate is rotated.

1l4. The resist coating method according to
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a user of the conputer systemthat the sem conductor device operating at a
cl ocking frequency, provided an execution
speed of the sem conductor device is less than a m ni nmal t‘@ﬁ?%ﬁ@tﬁ HAS BEEN

execution
the step of ngﬁ
fi

frequency |l ess than said internal

rst conditi

thernally cool
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mg thod according to claim19|f P(‘A(EEBI’I sin
“H\ma“m H of the conput e&ssystemthaﬁ_al._l_aasLL_sa-d-—--
R existsMfsa *software driver, coded for predeterm ned
operating systemof the conputer system detects an asserted fan-fail bit
of a predeterm ned_register. 22. An apparatus conpr|3|ng a fan

[

el ement, mounted %%@bmal%eﬁ?cb%du@b%?eﬁévﬁééd ibapiddagen

ferovettbng

sai d sen conductor device; and sai d sem conduct or
devi ce includi ng BRei AEBEERRER ERFEATE 1D FBUDBBTpower
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15. The resist coating method according to
claim 11 or 13, wherein said controlling step
decelerates the rotation of the substrate to 1000 rpm
or less.
16. A resist coating method comprising:
coating a resist solution on a surface of a
substrate by spreading the resist solution outward of
the surface of the substrate while the resist solution
is supplied to substantially a center of the surface of
the substrate which is rotated at a first speed;
confrolling a film thickness uniformly by
decelerating the rotation of the substrate from the
first speed to a second speed after the supply of the
resist solution is terminated; and
shaking off an excessive resist solution by
accelerating the rotation of the substrate from second
speed to a third speed which is slower than the first
speed and faster than the second speed.
17. The resist coating method according to
claim 16, wherein the second rotation speed is 1000 rpm
or less.
18. A resist coating apparatus comprising:
a substrate holding member for holding a substrate
having a surface;

a rotating unit for rotating the substrate holding

<@,



consunption of said sem conductor device upon detecting said fan elenent is
experienci ng unaccept abl e deval uation in perfornmance. 22. The
nmet hod according to claim 19 further conprising the step of notifyinr%ﬁ:eéN
user of the hat the sem conductor deviceTi BEET HAB t
a frequency ﬁmmmumﬂmﬁmnterna' cl ockiing4kr equency, mgs' gﬁ&PL&GED
execut i on speéd Of “t hé sénitonductor device Is | ess than -Arad

t hreshol d executi on speed. The net hod according to claim19

further conprisin p.of . noti f a user of the conputer system
[urher compri ! ngeBE SLEP Al (oSl LhULAY 2, vS

a resist-solution nozzle for supplying a resist

solution to substantially a center of the surface of
the substrate held by the substrate holding member;

5 a control unit for controlling the rotating unit
to control rotation of the substrate holding member,
the control unit controlling the rotating unit to
rotate the substrate holding member at a predetermined
speed when the resist solution is supplied to the

10 substrate, once decelerating the rotation of the
substrate holding member to a speed capable of
controlling the film thickness uniformly during the
resist coating step, and thereafter accelerating the
rotation of the substrate holding member to shake off

15 an excessive resist solution.

19. A resist coating apparatus comprising:
a substrate holding member for holding a substrate
having a surface;
a rotation unit for rotating the substrate holding

20 member at various speeds;

a liquid-agent nozzle for supplying a liquid agent
for wetting the surface of the substrate before a
resist solution is supplied to substantially a center
of the surface of the substrate held by the substrate

25 holding member;

a resist-solution nozzle for supplying a resist

solution to substantially a center of the surface of

I
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software driver, coded for predeterm ned operating systemof the conput er

system detects an asserted fan-fail bit of a predeter N
24. An appar atus conpri sing: a fan el emgnTHIS g s ﬁ?%
sem conduct or airflow to thermally ®EBLACEH d

sem conduct or ﬂmmm“ ﬂﬁHml ﬂm sai d4geniconduct | € 1 ncluding

an integrated citrcuittte re]uce power consunption of said
sem conduct or device upon detectlng said fan el enent i s experiencing

unaccept abl e dev%kua %strat%e% Rdn%ncghe substrate holding member to

form a resist film thereon;
a control unit for controlling the rotation unit
to control rotation of the substrate holding member,

5 the control unit contrcolling to rotate the substrate
holding member at a predetermined speed when the resist
solution is supplied to the substrate, once decelerat-
ing the rotation of the substrate holding member to a
speed capable of controlling a thickness of the resist

10 film uniformly during the resist coating step, and
thereafter accelerating the rotation of the substrate
holding member to shake off an excessive resist
solution.

20. The resist coating apparatus according to

15 claim 18 or 19, wherein the control unit controls the
rotation unit to decelerate the rotation of the
substrate holding member after the supply of the resist
solution is terminated.

21. The resist coating apparatus according to

20 claim 18 or 19, wherein the control unit controls the
rotation unit to decelerate the rotation of the
substrate holding member to 1000 rpm or less.

22. A resist coating apparatus comprising:
a substrate holding member for holding a substrate

25 having a surface;

a rotation unit for rotating the substrate holding.
member at various speeds;
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a resist-solution nozzle for supplying a resist
solution to substantially a center of the surface of
the substrate held by the substrate holding member to
form a resist film thereon;

a control unit for controlling the rotation unit
to control rotation of the substrate holding member,
the control unit controlling the rotation unit to
rotate the substrate holding member at a predetermined
speed when the resist solution is supplied to the
substrate, once decelerate the rotation of the
substrate holding member to a speed capable of

controlling a thickness of the resist film uniformly

during the resist coating step; and thereafter

accelerate the rotation of the substrate holding member
thereby shaking off an excessive resist solution.

23. The resist coating apparatus according to
claim 22, wherein the control unit sets the second

speed to 1000 rpm or less.
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