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TECHNI CAL FI ELD The present invention relates to a control system 2006
control method for processing apparatuses that treat objects such as

sem conductor wafers, nore particularly, to a control systemand a control
met hod capabl e of unified nmanagenent of plural processing apparatuses.
BACKGROUND OF THE | NVENTI ON Semi conducf or processing apparatuses are used
for performng various kinds of treatnments, such as a filmdeposition on a
surface of a sem conductor wafer and a dopant diffusion. Processing
apparatuses of a stand-al one t\BREGHMIECAMONprimarily used. In a factory
equi pped with plural processing apparatuses of the stand-alone type, the
processi ng apparatuses are |nde endentlx&@gontrol | ed based on a control

program and cont®ALIBRAZIGNIDEFR LHRALRREIGESHNGSASHIEMbus. The

mai nt enance of the processing apparatuses is carried out one by one. A

control conputer connected to plur r I.ng apparatuses through a
network to control the apparat.t uﬁﬁ}\gee‘ig?ﬁ wever, the conputer nerely -
gives instructions to the processi ng apparatuses. Therefore, each
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the aforenentioned circunstances, and therefore the object of the present
invention is to cont rO'BAIDK@#OQINE@ISWEmVEMIQ)‘N?S effectively. The
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_ various kinds of treatments, such as a film deposition on a surface of a
semiconductor wafer and a dopant diffusion. Processing apparatuses of a
stand-alone type have been primarily used. In a factory equipped with
plural processing apparatuses of the stand-alone type, the processing
apparatuses are independently controlled based on a control program and
control data stored in each processing apparatus. The maintenance of the
processing apparatuses is carried out one by one.

A control computer connected to plural processing apparatuses
through a network to control the apparatuses is known. However, the
computer merely gives instructions to the processing apparatuses.

Therefore, each processing apparatus must be provided with a
controller having a high computing power, resulting in increase in a cost of
each apparatus. In addition, the controller of the semiconductor
processing apparatus is in need of periodic maintenance (specifically,
calibration). Such maintenance must be done separately for each
apparatus, and thus is time-consuming.

DISCLOSURE OF THE INVENTION
The present invention has been made in view of the aforementioned
circumstances, and therefore the object of the present invention is to
control plural processing apparatuses effectively.
The second object of the present invention is to lighten the load of
control means of each processing apparatus to simplify the structure




of the control neans, thereby to reduce overall cost for naking a qh
operating the processing systemincluding plural processing apparg §E§ ZWW
order to attain the objectives, according to the present invention, a part
of conputing functions, which is possessed by the control neans of the
conventional processing apparatus and needs a high conputing power, is
assigned to the control conputer arraqged separately fromthe processing
apparatuses, thereby lightening the |oads on each processing apparatus.
Accordingly, the present invention provides a processing system including:
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cont rol nﬁ&ﬁ@réﬁf-'seach of the processing apparatuses is configured to
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In one preferred embodiment, the control means of each of the
processing apparatuses is configured to receive the control data calibrated
by the calibration means of the computer through the communication
medium, configured to store the calibrated control data in the memory
means, and configured to perform a treatment according to the calibrated
control data.

In one preferred embodiment, the computer includes memory
means for storing control data corresponding to each of the control data
stored in the memory means of each of the processing apparatuses; and
the computer is configured to perform a procedure, when calibrating the
control data for onhe of the processing apparatuses, the procedure
including the steps of: retrieving the control data for said one of the
processing apparatuses stored in the memory means of the computer;
calibrating the retrieved control data based on a result of a process of the
object performed by said one of the processing apparatuses; storing




3 the calibrated control data in the nenory means of the conpute ?z,?:%% 2006
sending the calibrated control data to said one of the processi ng

appar atuses through the comuni cati on nedium and rmaking the nmenory neans
of said one of the processing apparatuses store the calibrated data. In one
preferred enbodi nent, the processing systemfurther includes a neasuring
apparatus adapted to neasure a result pf a treatnment performed by the
processi ng apparatus, the conputer is configured to conmunicate data with
t he neasuring apparatus through the conmunication nmedium whereby the
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treat rrent el ng
processmg apparatuses is configured to estimate the temperature of the

object in the heating furnace based on the outputs of the thermal sensors
by using the model stored in the memory means, and configured to control
the heating furnace based on the estimated temperature so that the
temperature of the object will coincide with a temperature defined by the
recipe stored in the memory means.

In one preferred embodiment, the computer is configured to petform
a procedure, when calibrating the model for one of the processing
apparatuses, the procedure including the steps of: sending a recipe for
calibrating the model to said one of the processing apparatuses; making
said one of the processing apparatuses perform a treatment of the object
according to the recipe for calibrating the model; and calibrating the model
by the calibration means based on a result of the treatment of the object,

In one preferred embodiment, the computer is configured to correct
the model based on a measurement of an actual temperature of the object
during the treatment being performed.




2 4 FEB 2006 4 In one preferred enbodi ment, each of the processi ni
apparatuses is configured to send a notification of a conpl eti org &f FEBe2(06
treatment of the object to the conputer; and the conputer is configured to
count the nunber of treatnents performed by each of the processing 5
apparatuses according to the notificatiorf, and configured to calibrate the
control data at every tinme when a designated nunber of treatnents has been
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15  processing sent from the computer, and for operating according to the
result of the data processing thus received. _
In one preferred embodiment, each of the processing
apparatuses includes measuring means for measuring a result of a
treatment of the object performed by each of the processing apparatuses,
20 and wherein a result of a measurement by the measuring means is
capable of being sent from each of the processing apparatuses to the
computer through the communication medium.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is a diagram showing a structure of a processing system in
one embodiment of the present invention;

Fig. 2 is a drawing showing an example of a structure of a CVD
apparatus shown in Fig. 1;

Fig. 3 is a drawing showing an arrangement of zones in a
30 reaction tube;

Fig. 4 is a block diagram showing an example of a structure of a
controller shown in Fig. 2;

Fig. 5 shows examples of temperature recipes;

Fig. 6 is a block diagram showing an example of a structure of a
35 control computer shown in Fig. 1;

Fig. 7 is a table showing an example of a management table




35 control conputer shown in Fig. 1, Fig. 7 is a table showng a §Xx 06
of a managenent table 2 4 FEB 2006 5 stored in an apparatus-D13 data as

of Fig. 6; Fig. 8 is a chart showing calibration procedures at the initial
setting of the processing system Fig. 9 is a chart for explaining a nodel
calibration procedure; 5 Fig. 10 is a chart for expl ai ning a recipe
calibration procedure; Fig. 11 shows neasuring points on a wafer; Fig. 12

is a chart foibrXm ahHppargtuRtDE rtﬁa@ﬁf(gr dgby the control corrputer in
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t he apparat us. nunber. Each of the CVD apparatuses 31 (31, to 31 n) has

substantially the Sﬁsﬁmgﬁﬁlpﬁo@ﬁgﬁﬁw%mﬁmm be treated,

such as 30 senm cond I 3 treat nent on
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semiconductor processing system, and is composed of a plurality of
processing apparatuses 3, plural numbers (j) of measuring apparatuses
(51 to 5)), a control computer 7, and a network (LAN) 9 adapted to
interconnect these with each other. In a typical embodiment, the

20  processing system is installed in a single building of a semiconductor
device manufacturing factory. However, the control computer 7 may be
installed in a separate space from the factory building.

Each of the processing apparatuses 3 includes plural numbers
(n) of GVD (Chemical Vapor Deposition) apparatuses 31 (314 to 31,),

25  plural numbers (m) of oxidation apparatuses (32; to 32n,), and plural
numbers (i) of diffusion apparatuses (334 to 33)). Each index of the
reference numerals indicates the apparatus number.

Each of the CVD apparatuses 31 (314 to 31,) has substantially
the same structure, and accommodates objects to be treated, such as

30  semiconductor wafers, to perform a film-forming treatment on the objects
by CVD. Each of the oxidation apparatuses 32 (32( to 32.) has
substantially the same structure, and oxidizes surface areas of the
objects such as semiconductor wafers. EFach of the diffusion
apparatuses 33 (334 to 33) has substantially the same sfructure, and

35 diffuses (dopes) impurities into the surface areas of the objects such as
semiconductor wafers. Each of the measuring apparatuses 5 (5, to 5))




obj ects such as semniconductor wafers. Each of the diffusion appag%{iggg &%
(33, to 331) has substantially the same structure, and 35 diffuse g
inpurities into the surface areas of the objects such as sem conductor

waf ers. Each of the neasuring apparatuseé 5 (51 to 5)) 2 4 FEB 2006 6
measures various nunerical values represénting the results of the

treatnent of the object, e.g., the thickness of a filmfornmed on the
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gas are supp d to the gas supply 25 tubes 341, 342, and 343, through mass
fl ow cont roI | ers (FR@® haaters33B]-338nare3dfranged patcdiffesdnt. véticak besisiongi pe

tube 30208 hr Sromn s Fesghthe Rt ey PEUBE SHROTHE"ERD- 30 croele” "
302b. The exI&é&!&ttlc povwar 8Aneieatermad1 &85, vespectomaiyntp wonttoh tioe hbaters
pressure r1egdbilad separately. The reaction tube 302, the manifold 321 and the
heaters 331-335 constitute a heating furnace. As shown in Fig. 3, the
reaction tube 302 is divided into five zones each corresponding to each
20  heater 331-335.

As shown in Fig. 2, the manifold 321 has three gas supply pipes |
341, 342 and 343 for supplying gases into the inner tube 302a.
Process gases (precursor gases) for film-forming, such as dichlorosilane,
ammonia, and nitrogen, and a carrier gas are supplied to the gas supply

25 tubes 341, 342, and 343, through mass flow controllers (MFC) 344, 345,
and 346, respectively. An exhaust pipe 327 is connected to the
manifold 321 for discharging gases in the reaction tube 302 through a
gap between the inner tube 302a and the outer tube 302b. The exhaust
pipe 327 is connected to a vacuum pump through a pressure regulating

30 unit 328, etc.

Five thermal sensors (thermocouples) Sin1-Sin5 are vertically
aligned on an inner surface of the inner tube 302a. Each thermal
sensor Sint-8in5 is covered with a quartz pipe (not shown) in order to
prevent metallic contamination of the wafers W. The thermal sensors

35 8in1-8inb are respectively arranged in the five zones shown in Fig. 3.

Five thermal sensors Sout1-Sout_5 are vertically aligned on an
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vertically aligned on an inner surface of the inner tube 302a. Eac

thermal sensor Sint-Sins is covered with a quartz pipe (not shown) in
order to prevent nmetallic contam nation of the wafers W The thernma
sensors 35 Sint-Sins are respectively arranged in the five zones shown in
Fig. 3. Five thernmal sensors Soutl-So#t5 are vertically aligned on an 2 4
FEB 2006 7 outer surface of the outer tube 302b. The thernmal sensors
Sout 1- Sout5 are also respectively arranged in the five zones shown in Fig.
3. The Cvhuppsudghos ¢fltheasuterdaberdi2izr A themmalosensdrs | outprSowsSs
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(i.e., calmmuelcdiide detiperfisires of the wafers Wplaced in the
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coi nci des wi t h Ehe angde! stmlra@e stotionad tRdedtores di pwdetga mathématieslanypl e,
model; a high-order, multidimensional function), which is configured to
estimate (i.e., calculate) the temperatures of the wafers W placed in the
respective zones based on the output signals (i.e., measured temperatures)
of the thermal sensors Sin1-Sin5 and Sout1-Sout5, and the instruction
values sent to the power controllers 336-340 (i.e., the values
corresponding to electric power supplied by the power controllers 336-340
to the heaters 331-335), and is also configured to determine electric power
to be supplied to the heaters 331-335 so that each estimated temperature
coincides with a target value. Such a model is disclosed in, for example,
U.S. Patent No. 5,517,594, and can be used herein.
The recipe storage section 412b stores process recipes defining
treatment procedures for different sorts of the film-forming treatments
performed by each CVD apparatus 31. Each process recipe includes a
temperature recipe which defines a desired temperature change to which
the wafers W to be processed is subjected. The temperature recipes can
be expressed by temperature-time curves as shown in Figs. 5(a) to 5(c).
In a conventional processing apparatus of a batch type, a single
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different sorts of the filmformng treatments performed by each CVD
apparatus 31. Each process recipe includes a tenperature recipe which
defines a desired tenperature change to ®hich the wafers Wto be processed
IS subjected. The tenperature reci pes can be expressed by tenperature-tine
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is carried out with the temperature of the center portion of the wafer W
being higher than that of the peripheral portion of the wafer W. In the
20 event that the film-forming treatment is performed while raising the
temperature of the wafer W in accordance with the recipe shown in Fig.
5(c), the film-forming treatment is carried out with the temperature of the
center portion of the wafer W being lower than that of the peripheral
portion of the wafer W.
25 The program storage section 412¢ stores programs such as an
operation control program for the control section 411. The work area
412d functions as a work area or the like of the control section 411.
The 1/O port 413 supplies signals measured by the thermal
sensors Sin1-SinS and Sout1-Sout5 to the control section 411, and
30  outputs control signals outputted by the control section 411 to the power
controllers 336-340, the mass flow controllers 344-346 and the pressure
regulating unit 328, etc. The control panel 414 is connected to the /O
port 413. The control panel 414 includes a display section and an
operating section, displays images provided by the control section 411,

35 and gives instructions of the user fo the control panel 411 through the 11O
port 413,
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precursor gases, pressure in the reaction tube 302, and so on, according
to the process recipe.

The oxidation apparatuses 32 and the diffusion apparatuses 33
shown in Fig. 1 are also of a batch type. Similar to the CVD apparatus 31,
each of the oxidation apparatus 32 and the diffusion apparatus 33
estimates the temperature of the wafers W based on values measured by
the thermal sensors, and controls the heaters so that the estimated wafer
temperature coincides with the temperature specified by the temperature
recipe to perform a predetermined treatment.

The control computer 7 manages all the processing apparatuses 31-
33 and all the measuring apparatuses 5, and performs confrol processes,
such as a management of the number of runs of each apparatus, a
renewal (fine-tuning) of the model, and a renewal of the recipe.

An example of a structure of the control computer 7 will be
described with reference to Fig. 6. The control computer 7 is composed of
a control section 71, a communication section 72, a display section 73, an
input section 74, an apparatus database (DB) 75, and a memory section
76.
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desired film thickness), and so on. In addition, the data in the

management table includes a basic model commonly used by the CVD

20 apparatuses (i.e., a basic model commonly used in the apparatuses of

the same specifications) and a basic recipe commonly used by the CVD

apparatuses (i.e., a common basic recipe for a film-forming process

performed by the apparatuses of the same specifications under the same

condition).

25 The memory section 76 stores an operation program, etc. of the
control section 71, and functions as a work area of the control section
71.

The control section 71 operates according to a control program
stored in the memory section 76, and manages the whole processing
30 system 1. Especially in this embodiment, the control section 71 counts
the number of treatments performed by each processing apparatus 31-33,
and calibrates (corrects) the models and recipes of each apparatus for its
proper operation every time when each apparatus has performed a
designated number of treatments. Details of the calibration process will

35 be described |ater.

Next, the operation of the processing system 1 will be described.
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environments of the respective apparatuses. Thus, when the basic recipe

is used exactly as it is, the manufactured film or layer may have a

component, a thickness and an element concentration which are

20 different from the desired ones.

Therefore, as shown in Fig. 8, when the processing system 1 is
installed (for example), the basic mode! and the basic recipe are
sequentially calibrated (customized) for each of the processing
apparatuses 3, so that the estimated wafer temperature coincides with

25 the actual wafer temperature and that a desired treatment result is
obtained.

The calibration of the CVD apparatuses 31 is described by way of
example. As shown in Fig. 7, before calibration, the apparatus-ID of
each CVD apparatus 31 is registered in the apparatus-DB 75 of the

30 control computer 7. The basic model and the basic recipe are also
registered in the apparatus-DB 75 as the model and the recipe for each
CVD apparatus 31. Then, the total number of treatments, the number
of treatments after the calibration of the model, and the number of
treatments after the calibration of the recipe are set to be zero.

35 Next, the procedure for calibrating the model is described with
reference to Fig. 9. The operator of the control computer 7 designates
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Thereafter, the control section 411 makes the apparatus perform

a treatment (process) according to the redipe for calibration stored in the

recipe storage section 412b (step S114). Specifically, the control

20  section 411 obtains the outputs of the thermal sensors Sin1-Sin5 and
Sout1-Sout5, and the instruction values sent to the respective power
controllers 336-340, in order to estimate the temperature of the wafer W
in each zone based on the model (the basic model is used for the first
time). The control section 411 then adjusts the instruction values to be

25 sent to the respective power controllers 336-340 so that the estimated
wafer temperature coincides with the temperature specified by the recipe
for calibration. Then, the control section 411 makes the apparatus
supply gases according to the recipe for calibration so as to perform a
film-forming treatment.

30 When the film-forming treatment is completed (step S115), the
control section 411 sends the control computer 7 a notification of the
completion of the film-forming treatment (step S116). The control
computer 7 receives the notification and waits for receiving a measured
value from the measuring apparatuses 5 (step S117).

35 The person in charge of treatment takes the processed wafers W
out of the CVD apparatus 31 (step S118), sets the wafers W in the
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performed according to the recipe for calibration is compared with the

target film thickness, and the model is calibrated based on the difference

20 in the film thickness between the former and the latter so that the model

can estimate an appropriate temperature. The control section 71 writes

the calibrated model in a column for the CVD apparatus 31 of the

apparatus-DB 75, and sends the calibrated model to the CVD apparatus

31 to be calibrated (step S122). The CVD apparatus 31 receives the

25 calibrated model and overwrites the same in the model storage section

412a (step $123).

By repeating the above calibration procedures of the control
computer 7 and each of the CVD apparatuses 31 for a designated
number of times, the basic model is tuned to reflect the characteristics of

30 each apparatus. After the first calibration, the calibration is performed
by using the model calibrated by the last calibration.

After the difference between the actua! film thickness and the
expected film thickness becomes less than a predetermined value, and
after the désignated number of calibration procedures are carried out,

35 the calibration of the model is completed, and then the calibration
(customization} of the recipe is started.
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340, in order to estimate the temperature of the wafer W in each zone

based on the model. The control section 411 then adjusts the

20  instruction values to be sent to the respective power controllers 336-340

' so that the estimated wafer temperature coincides with the temperature
specified by the recipe. Then, the control section 411 makes the
apparatus supply gases according to the recipe so as to perform a
film-forming treatment.

25 When the film-forming treatment is completed (step S214), the
control section 411 sends a notification of the completion of the
film-forming treatment to the control computer 7 (step S215). The
control computer 7 receives the notification and waits for receiving a
measurement results relating to the processing apparatus (step S2186).

30 The person in charge of treatment takes the processed wafers W
out of the CVD apparatus 31, sets the same in the measuring
apparatuses 5, and inputs the apparatus-1D of the CVD apparatus 31.
Wafers W are picked up from each of the five zones, and the film
thickness is measured at a plurality of, e.g., nine locations for each wafer

35 W, as shown in Fig. 11. The measuring apparatuses 5 send the
measured film thickness with the inputted apparatus-ID of the CVD




cassette, and places the cassette on the receiving part of the CyDy 2008
apparatus 31. The CVD apparatus 31 transfers the wafers Wonto the wafer
boat 323, and then places the wafer boat 323 on the heat insulation tube
325. Then, the CVD apparatus 31 perforns process according to the recipe
(at the first tine, the basic recipe is ed) stored in the recipe 15
storage section 412b (step 5213). Specificall y the control section 411

obt ai ns the Qppwﬁsmqmthb&:dmﬂﬂfﬂamﬁm@wf @m%&“E’ and Sout| - Sout 5,
and the instructiopn val ues sent to _the respectlve power controllers 336 to
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411 sends a hr%lh;o‘c the conpletion of the filmformng treatnent
to the contrgﬁ ute (step S215). The control conputer 7 receives the
notification and ll‘Sts amlaveew vilmgthécknesasofr treewaferssW pickeel apifrgnt o t he
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Al t hough t hetereperaturagpbeifieal byttt extipys for all the zones is lowered.
Next, an average film thickness is calculated for each wafer W
picked up form each zone, and the temperature specified by the recipe
for each zone is corrected so that the average fiim thickness coincides
20 with the target film thickness. For example, when the average film
thickness of a wafer W picked up form one zone is smaller than the
target film thickness, the process temperature specified by the recipe for
the zone is increased. On the other hand, when the average film
thickness is larger than the target film thickness, the process
25 temperature specified by the recipe for the zone is lowered.
Third, the control section 71 corrects the recipe to reduce the
in-plane ununiformity in the thickness of the film formed on the wafer W
in each zones. As described above, with the apparatus structure shown
in Fig. 2, the temperature is higher at the peripheral portion of the wafer
30 W than at the center portion, when raising the temperature of the wafer
W. On the other hand, the temperature is lower at the peripheral
portion of the wafer W than at center portion, when lowering the
temperature of the wafer W. In general, when performing a film-forming
treatment, higher wafer temperature promotes the film-forming and thus
35 results in a thicker film, if the process conditions other than the wafer
temperature are equal.




iven method, the follow ng calibration procedure is perfor t
Z%Og: \r/rgnt. First, an average ?i | mthickness of the wafers W pi cked EEB ?g@]
the five zones is calculated, and the tenperatures specified by all the 10
reci pes respectively assi gned to the zones are corrected so that the
average filmthickness coincides with th&®target filmthickness. For _
exanpl e, when the average filmthickness is smaller than the. target film
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tenperature. §h0wﬂelmﬁfge6(?Wth®136mratdﬁerrggwae?foggﬁt§ ezfrcﬂép@{ﬁ E&&aﬁ Sucpver  at
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filmformed gaseldsiawer. \Dpi tbiecothep Hamlmm AWE ARAE that 1Bk Ant RHHTVE ohCUP)
shape, that kge Wdtgr (odiRked BB RS ord! 24M€ s of a convex (cap) shape, that is,
the film is thicker at the center portion of the wafer W and is thinner at
the peripheral portion, uniform film thickness can be achieved if the
20  relative temperature at the peripheral portion of the wafer W is higher
than that when the convex film is formed. To this end, the
aforementioned correction in the temperature change rate should be
reversed. _
in this manner, the control section 71 corrects or calibrates the
25  recipe currently stored in the CVD apparatus 31 to be calibrated. The
control section 71 overwrites the calibrated recipe in a recipe storage
area for the corresponding CVD apparatus 31 of the apparatus-DB 75,
and sends the calibrated recipe to the CVD apparatus 31 to be calibrated
(step $221). The control section 411 of the CVD apparatus 31 receives
30 the calibrated recipe and overwrites the same in the recipe storage
section 412b (step §222).
By repeating the calibration of the recipe for plurail times, the
basic recipe common to all the CVD apparatuses 31 can be tuned to
reflect the characteristics of each apparatus. After the first calibration,

35 the calibration is performed by using the recipe calibrated by the last
calibration.




peri pheral portion of the wafer Wand is thinner at the center portjéol_rE
uniformfilmthickness can be achieved if the relative terrperaturg tFifh 2086
peri pheral portion of the wafer Wis | ower than that when the concave film
is formed. To this end, the tenperature change rate (gradient of the I|ine
during the supply of the process gases shown in Fig. 5) during a
filmformng treatnment (during the supply of process gases) is changed.

For exanple, in the recipe showmn in Fig. 5(a), the tenperature recipe for

10 the zone is corrected such that the gradient of the Iine during the
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The operation of the processing system 1 when each processing
apparatus 3 performs a normal operation will be described with reference
to Fig. 12. During the normal operation, upon a completion of one
treatment, the control section 411 of each processing apparatus 3 sends a
notification of the completion of the freatment to the control computer 7.

In response to the notification of the completion of the treatment, the
control section 71 of the control computer 7 adds "one" to the total number
of treatments performed by the apparatus, adds "one" to the number of
treatments performed by the apparatus after the calibration of the model,
and adds "one" to the number of treatments performed by the apparatus
after calibration of the recipe, each "number of treatments” being stored in
the management table (Fig. 6) of the apparatus-DB 75 (step S21). Then,
the control section 71 judges whether or not the number of treatments after
the calibration of the model reaches a previously determined value (e.g.,
13 times) (step §22).

If it reaches the previously determined value, the control section 71
judges that the model of the processing apparatus must be calibrated, and
informs the operator of the fact through the display section 73.




17 After the difference between the filmthickness thus fornmed and the
expected filmthickness becones | ess than a predeternined val ue, JabdFERf 2088
t he desi gnated nunber of calibration procedures are repeated, the control
section 71 conpletes the calibration of the recipe, inforns the operator
of the conpletion of the calibration of the recipe via the display section
73, and inforns the calibrated procesggng apparatus 3 of the conpletion of
the calibration of the recipe through the LAN 9. The processing apparatus
3 displays the conpletion of the calibration on the control panel 414 to
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The person in charge of treatment sets the processed wafers W in
the measuring apparatuses 5, and designates the apparatus-ID of the
processing apparatus 3, and the treatment result is measured. The
measuring apparatuses 5 send the measured film thickness and the
apparatus-1D to the control computer 7 (step S119).
The control section 71 of the control computer 7 receives the film
thickness thus sent (step S120), and performs the calibration of the model
(step S121). The control section 71 overwrites the calibrated model in a
model area for the processing apparatus 3 in the management table in the
apparatus-DB 75, and sends the calibrated model to the processing
apparatus 3 to be calibrated (step $122).
The processing apparatus 3 receives the calibrated model and
overwrites the same in the model storage section 412a.
Upon completion of the above calibration, the control computer 7
resets the column of the number of treatments after the calibration of the
model for the processing apparatus in the management table recorded in
the apparatus DB 75 to be zero (Fig. 12, Step $24).




j udges that the nodel of the processing apparatus nmust be cali brazt%d E&nd
I nfornms the operator of the fact through the display section 73. 2 4F B2005
2006 18 The foll owi ng operations are basically identical with the
calibration procedure of the initial setting as shown in Fig. 9. The
control conputer 7 perfornms the calibration of the nodel as follows (step
S23). The control conputer 7 retrieveg the recipe for calibrating the
processi ng apparatus 3 to be calibrated fromthe nmenory section 76 (step
S111), and sends an instruction for starting the calibration of the nodel
and al so sendsThee, theaagnirdl ectiahi Bt juidges whdther pr agdshengumppaicfit us 3 to
be cali br . I.N ; ecelves. i
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sends the calibrated nodel” to thfﬁéocessi ng Z{ggar fus,3 to be calibrated
(step S122). THEERIGCESSINGARRAE Jegeives dhg dstrydionfromy heePMtRlel  and
over w i t esotrpitenire(step SR 2jpael tieor pgforasta treatih@at according to the

recipe for calibration stored in the recipe storage section 412b (step $213).

Upon completion of the treatment, the control section 411 sends a
notification of the completion of the film-forming treatment to the control
computer 7 (step S214). The control computer 7 receives the notification,
and waits for receiving a measurement result from the measuring
apparatuses 5 (step $5216).

The person in charge of treatment sets the treated or processed
wafers W in the measuring apparatuses 5, and designates the apparatus-
ID of the processing apparatus 3 to measure the treatment result. The
measuring apparatuses 5 send a measured film thickness and the
apparatus-ID to the control computer 7 (step S218). The wafers W to be
measured, and the positions and the number of the measuring points are
identical with those designhated at the initial setting.

The control section 71 retrieves the currently stored recipe of the
processing apparatus 3 to be calibrated from the management table.
Based on the measured values, the control section 71: (1) calibrates the
recipes for all the zones such that the average film thickness of all the
wafers W is equal to the target film thickness; (2) calibrates each recipe




Upon conpl etion of the above calibration, the control conputer 7 resets

t he colum of the nunber of treatnments after the calibration of tf@ed FREIQHNE
for the processing apparatus in the managenent table recorded in the
apparatus DB 75 to be zero (Fig. 12, Step S24). 19 Then, the control
section 71 judges whether or not the nunber of treatnments performed by the
apparatus after the calibration of thegrecipe stored in the managenent

tabl e reaches a predeterm ned value (step S25). If it does not reach the
predet erm ned val ue, the control section 71 conpletes the processing to be
per f or med fomeaels pomeestich tiat thet abemmge Him dhickhéss obmphvaferow af ebbh
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reci pe Cz%ﬂr?g)%é n procedure in the initial setting showmn in Fig. 10. The
cont rol erforns the calibration of the recipe as follows (step
S26). The cont dhis &way,other Tovtrol momplumelroT caliipatesr the geoie ah the
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posi ti ons and tAwsedescribad abovédhagrsuessiggmystemn 1aperf0|rrde|atu:emralmedh t hose
desi gnat e¢ofirol BEtH plurfity iidrbB8ssing apparatuses 3 by means of the control
computer 7. Thus, the management of the apparatuses is significantly
promoted as compared with the conventional management method. As
the control computer 7 handles high-load data processing such as the
calibration of the model and the calibration of the recipe, structures of
software and hardware of each processing apparatus 3 can be simplified.
In addition, due to the aforementioned calibration procedure, the treatment
can be properly performed and a desired quality can be obtained.

The present invention is not limited to the above embodiment, and
various modifications and applications are possible. For example, in the
above embodiment, a treatment is carried out and then a model is
calibrated based on the treatment result. However, for example, dummy
wafers having thermo sensors incorporated therein may be placed in the
respective zones, and the temperature of each wafer may be directly
measured and recorded. Then, the model may be calibrated so that the
measured actual temperature coincides with the temperature which is
estimated by using the model.

In the above embodiment, the model and the recipe are




The control section 71 retrieves the currently stored recipe of 2@3
processi ng apparatus 3 to be calibrated fromthe nanagenent tablé. FEBs 2006
on the measured val ues, the control section 71: (1) calibrates the recipes
for all the zones such that the average filmthickness of all the wafers W
Is equal to the target filmthickness; (2) calibrates each recipe 2 4 FEB
2006 20 for each zone such that the awgerage fil mthickness of a wafer Win
each zone is equal to the target filmthickness; and (3) calibrates each
recipe for each zone such that the filmthickness difference between the
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exanpl e, ihaltingetheapr@cessingaabparatys 3. treatnment is carried out and then a

model i's In the above embodiment, although the control computer 7
calibrates the model and the recipe, the control computer 7 can perform
other data processing. For example, a certain computing function
possessed by the plurality of processing apparatuses may be assigned to
the control computer 7. As shown in Fig. 13, when the person in charge of
treatment operates the control panel 414 (see, Fig. 4) of the processing
apparatus 3 to input any given data, the data and the apparatus-ID are
sent to the control computer 7 through the LAN 9 (step $S311). The control
computer 7 analyzes the inputted data (step S312), and performs data
processing based on the inputted data (step S313) (data processing such
as computing operation for changing the settings of the apparatus). The
result is returned to the processing apparatus 3 (Step S314). The data
received by the processing apparatus 3 (Step $315) are utilized to change
the settings of the processing apparatus 3 or to control the processing
apparatus (Step S316), and are displayed on the control panel 414. Also
in this case, constitutions of the respective apparatuses can be simplified.
In addition, the person in charge of treatment can operate the respective
processing apparatuses without being aware of the existence of the




calibrated based on the treatnment result. However, for exanple, dw EB 2008
waf ers having therno sensors incorporated therein may be placed i th%
respective zones, and the tenperature of each wafer may be directly
measured and recorded. Then, the nodel Z% be calibrated so that the
measured actual tenperature coincides w the tenperature which is
estimated by using the nodel. In the above enbodi nent, the nodel and the
reci pe are Zednthéifeciifbtetl calibrated by performng a treatnent exclusively
for the calibration, every tinme when designated nunber of treatnents has
been carried out. INHIRBveELOvEr erabedisrem ety wgASYUriAge apharatbdes aret he
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processi ng based on the inputted data (step 5313) (data processi n-% gulgé‘g Zﬁﬁﬁ
conputing operation for changing the settings of the apparatus). Th

result is returned to the processing apparatus 3 (Step S314). The data
recei ved by the processing apparatus 3 (Step S315) are utilized to change
the settings of the processing apparatus 3 or to control the processing
apparatus (Step S316), and are displaggd on the control panel 414. Also in
this case, constitutions of the respective apparatuses can be sinplified.
In addition, the person in charge of treatnment can operate the respective
processi ng appar atuses w t hout beingbgm@ e of the existence of the 2 4 FEB
2006 22 control conputer. In the ab odi nent, the nmeasuring
apparatuses are separated fromthe processing apparatuses 3. However, the
neasurlng apparatus 5 nmay be incorporated in the processing apparatus 3. 5
Accordi ng 1t o t A RrocepEingsstentpeMPris®gul t for the object to be treated by
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t r eat ment CREM@gonfroeans éoi Eﬁé)ram@ﬁh@mntr@bdstq/fmmwhj}g saoh iofgheont r ol

ggﬁ]?r Lﬂl ﬁ)?@%e{}s%h{dr e%%p%éa}ﬁs%éj)ﬂass% T RSsuIt?d Otpée{tPAent &" %191‘ oorbjec’t
performed by each of the processing apparatuses inputted into the computer;
wherein the control means of each of the processing apparatuses is
configured
to receive the control data calibrated by the calibration means of the
computer through the communication medium,
to store the calibrated control data in the memory means, and

to perform a treatment according to the calibrated control data.

2. The processing system according fo claim 1, wherein:

the computer includes memory means for storing control data
corresponding -to each of the control data stored in the memory means of
each of the processing apparatuses; and

the computer is configured to perform a procedure, when calibrating
the control data for one of the processing apparatuses, the procedure
including the steps of:

retrieving the control data for said one of the processing apparatuses
stored in the memory means of the computer;

calibrating the retrieved control data based on a result of a treatment of

the object performed by said one of the processing apparatuses;




according to the control data stored in the nenory neans; and a c2qp$%@gzmr
arranged separately fromthe processing apparatuses and adapted to 0
comuni cate data including the control data with the processing

apparatuses through a comuni cati on nedium the conputer including
calibration nmeans for calibrating the control data for controlling each of
the processing apparatuses based on a4result of a treatnent of the object
performed by each of the processing apparatuses inputted into the conmputer;
wherein the control neans of each of the processing apparatuses is

configured to Y he ,cont rol dat librated by the calibratjon neans
of the conput gf&ﬁgr gﬁ%hc Iﬁéﬁggnﬁﬁﬂﬁegtcfag?ﬁ 'Heg?%rﬁne r\ét%‘re@n§h81aég?i br at ed
control dabmpufert BRdMENMOry nmeans, and to performa treatnment according to

the calibrated control data. 2. The processing systemaccording to claim1,
wher ei n: the c&fpdiNgr then crliarssedregantipl raiastor spidtone af thenprosessiag a

correspondi t d._] r s of
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per f or m anparseoiusaid oneest thal procedsing apparmtassy siore ded aaliisrateenéontfol t he
proce55|ng ggparatuses, the procedure 1ncluding the steps of: retrieving
the contr8F®ata for said one of the processing apparatuses stored in the
menory neans of the conputer; calibrating the retrieved control data based
on a result of a treatnment of the object perfornmed by said one of the

processi n§. appdihet peeessitgl sPEBT2 GReOrdidg dbochaing 1 héurtiedri bompéasingoat r ol
data in the nmenory neans of, the, conputer; and sending the calibrated
control dIEAENG ARPAIADS AP 5 BIGRSHT 3 o3 F A RIGESS RPOMEY Ry
communi cathprdvedbing appdatiBki ng the menory means of said one of the
processi ng appar at uses store’the_cal i brated control data. 3. The
processi ng syswaereiscthedicompuber lisaiooniigufedr ttheroncmmpicate rdpta witledber i ng
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of the treatment is inputted into the computer through the communication
medium.

4. The processing system according to claim 1, wherein:

the treatment means of each of the processing apparatuses includes a
heating furnace adapted to heat the object contained therein, and a plurality of
thermal sensors arranged at the heating furnace;

the control data include a model for estimating temperature of the
object based on outputs of the thermal sensors, and a recipe defining change
in temperature of the object during the treatment;

the memory means of each of the processing apparatuses is
configured to store the model and the recipe; and

the control means of each of the processing apparatuses is configured
to estimate the temperature of the object placed in the heating furnace based
on the outputs of the thermal sensors by using the model stored in the
memory means, and configured fo control the heating furnace based on the
estimated temperature so that the temperature of the object coincides with a

temperature specified by the recipe stored in the memory means.




wherein the conputer is configured to comruni cate data with the é?ﬁaagéiﬂﬂs
appar atus through the comuni cation nmedi um whereby the result t
treatment is inputted into the conputer through the conmmuni cation mnedium
4. The processing systemaccording to claim1, wherein: the treatnment means
of each of the processing apparatuses includes a heating furnace adapted
to heat the object contained therein,oand a plurality of thermal sensors
arranged at the heating furnace; the control data include a nodel for
estimating tenperature of the object based on outputs of the therma

sensors, and a-pecipe defini change. ipn tenpeyature. of the object during
the treat fent : TIRETRERHINE musiRe’ groaning By cBiE 4 uiesetn Ty COPRMS Res i s

confi gur egokfiyure@ns peferiRd Brocatrd WenérPHdPRiodaNfbridie SOMENstbcaRAng of each
of the processing apparatuses is configured to estimte the tenperature of

tEe ob{ ecapparatuassiin cah@akaachtthe@rtfmemdakgﬁe@;t]ha)atepls@fbut puts of g he
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t enper at ugpps@tiideat the tenperature of the object coincides with a

tenperature specified by the recipe stored in the nenory neans. 2 4 FEB
2006 25 5. TheMAkirksaidmpesokihernracesying agramteses pedormadreatmant&f conput er
is confi rf Jhe. | r one of the

pr ocessi ng’}g‘Z‘g%ﬁf%ﬁ’s“g@b%%ﬁfﬁ‘?@fgﬁa"p@ﬂﬂﬁﬂgéﬁé@ ?'ﬁldgl udi ng the steps
of : sending a calibrating the naldeb batthagalitvationdedarnobasedionnerezlilttdiche

pr ocessi nﬁ_ &gé)ar tuseg; maki ng said one of the processing apparatuses
per f orm a'Ef th@pPbjache obj ect according to the recipe for calibrating
the nodel; and calibrating the nodel by the calibration neans based on a
result of the treatnent of the object. 6. The processing system according
to claimé$, whédheiprocessingspsiear acsordognfa giaire, twherain theacemphterrisdel
based on a n];easuremant of ,an _actu erature of the fb' ect d%lri ng the

Ot eat mont COTGIEH DT Brittats Tné e, beSERioh, = PR SBest &F i AGtidlarm 1
wherei n:  gafiferaturehst the 8BRS HDANG BRATaAMSER Ueing pBfbANEEd t0 send a
notification
7. The processing system according to claim 1, wherein:
each of the processing apparatuses is configured fo send a notification
of completion of a process of the object to the computer; and
the computer is configured to count a number of treatments performed
by each of the processing apparatuses according io the notification, and
configured to correct the control data at every time when a designated
number of treatments has been performed by each of the processing

apparatuses after last calibration of the control data.

8. The processing system according to claim 1, wherein:

the processing apparatus has means for requesting the computer to
perform a data processing;

the computer includes means for performing the data processing in
response to a request received from the processing apparatus, and for

sending a result of the data processing to the processing apparatus; and




of conpletion of a process of the object to the conputer; and the%cg)r% %05
is configured to count a nunber of treatnents perforned by each t
processi ng apparatuses according to the notification, and configured to
correct the control data at every tine when a designated nunber of
treatnments has been perforned by each of the processing apparatuses after

| ast calibration of the control data. 9§ The processing system according to
claim1, wherein: the processing apparatus has neans for requesting the
conputer to performa data processing; the conputer includes nmeans for

performng the rocessing.in.r gnse to.a request, receiyv fromthe
processi ng appéﬁ%&’ﬁ%&sgm ?%‘%aqat“én‘af:ﬁagﬁ e Pfé?c%qwagaﬁ? 5ew5§§§§i ng to
t he procesitaprecdaif sent foth thedchiBuPO8nd of bpeRritPgessdondingBahat us
includes neans for receiving the result of the data processing sent from
t he conputresult ahiherdsta gpesessingthysdeeeived to the result of the data

processing thus received. 9. The processing systemaccording to claiml,
wherein each of the processing apparatuses includes neasuring nmeans for

nmeasuring % redSet padcessiry epsterntacebrding tobiiaih PewhersiRdesivh edctheof t he
pr ocessi n%ﬁg aratuses, and wherein a result of a neasurenment by the
measuri ng Ing apppAisesoincluges fpeaging meansden msasurey @ g

appar at usestbntdit GARBUISECH BEPMRibd b SR O MeCH0:5siRE Ugptratuses,

and wherein a result of a measurement by the measuring means is capable of
being sent from each of the processing apparatuses to the computer through

the communication medium.




