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The present invention relates to a thermal treatment apparatus and method
which supplies heat and atmospheric gas to a thermal treatment chamber as a
function of a measured temperature in the thermal treatment chamber.

2. Description of the Related Art

Fig. 4 is a block diagram showing a conventional thermal treatment
apparatus. As shown there, the thermal treatment apparatus 50 comprises a heating
system 51 and a gas §upplying system 52. A recorder 53 records a temperature in a
thermal treatment chamber 54 and also records the amounts of gas supplied to the
thermal treatment chamber.

- The heating system 51 includes heaters 55 for heating the thermal treatment
chamber 54 and thermocouples 56 for measuring the temperature of the thermal
treatment chamber 54. A plurality of temperature controllers 57 control the heating
conditions of the heaters 55 through a respective plurality of thyristors 58 in
accordance with the temperature in the thermal treatment chamber 54 as measured
by the thermocouples 56.

The gas supplying system 52 includes gas flow rate controllers 60 for
controlling amounts of atmospheric gas delivered to the thermal treatment chamber
54 from an atmospheric gas supply section (not shown) through mass flow
controllers 59. | ' _

" 'The thermal treatment apparatus 50 controls a heating condition and a gas
supply condition in the thermal treatment chamber 54 as follows. The temperature
controllers 57 control the heating condition in a time sequence based on temperature
information received from the thermocouples 56, while the mass flow rate

_controllers 59 control the gas supply in a time sequence based on signals received
from the gas flow rate controllers 60. More specifically, when it is detected that
the thermal treatment chamber 54 reaches a predetermined temperature on the basis
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‘15 system 52 control the profiles based on tinme neasured by different tine

measuri ng nmeans. It is therefore difficult to nake the timng of the
sheating profile fluctuation - poi nt coincide with that of the gas supply
profile fluctuation point. Particularly, in profiles that have a | ong
time interval between profile fluctuation points, it is difficult to

make the timngs coincide with each other. For this reason, the heating 20
system 51 and t he gas supplying system<%2 cannot be controlled in relation

to each other with high accuracy, so heat treatnment with high accuracy
can not be per f or med. In addition, the heating and the gas
supply profiles are inputted to the tenperature controllers 57 and the

gas flow refttempenature informatam, recaivqikfroimvibe yhermocodplesa’t; dhel temperatieh t he
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t he profi |thermal treatmaent chambercdcis contrelled as a furfetion iof theasehsed i n recent years,
the theg e mbedhire O tie termal treatment chamber 54. T5me méaSuring means (not
shown) in the controllers 57 and 60 then measure fluctuation points in the profiles
(that is, points in time where gradients of the profiles change), so that heat contrpl
and gas supply control corresponding to the profiles are performed on the basis of
the results of the time measurement.
10 The conventional thermal treatment apparatus 50 constructed as described
above encounters a number of problems. As described above, the heating system
51 and the gas supplying system 52 control the heating and gas supplying conditions
following the profiles based on the time measuring means included in each of the
controllers 57 and 60. However, the heating system 51 and the gas supplying
15 system 52 control the profiles based on timé measured by different time measuring
means. It is therefore difficult to make the timing of the heating profile fluctuation
point coincide with that of the gas supply profile fluctuation point. Particularly, in
profiles that have a long time interval between profile fluctuation points, it is
difficult to make the timings coincide with each other. For this reason, the heating
20 system 51 and the gas supplying system 52 cannot be controlled in relation to each
other with high accuracy, so heat treatment with high accuracy can not be
performed.
In addition, the heating and the gas supply profiles are inputted to the
temperature controllers 57 and the gas flow rate controllers 60, respectively, in
25 accordance with the object to be heat-treated. At this time, the profiles should be
inputted in relation to each other such that the profile fluctuation points coincide
with each other. However, these profiles are inputted to different controllers 57
and 60, so that it is very difficult to input the profiles in relation to each other.

Particularly, in recent years, the t_hermal transfer chamber 54 has been divided into
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a plurality zones to control heating, and to supply a plurality

.of atnospheric gases (e.g., referring to Fig. 4, the heating is
scontrolled in three zones, and three types of at nospheric gas are
supplied). This conpounds the conplexity and difficulty associated with
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controllers 57 and 60 increases, thereby causing an increase in the cost of the
apparatus.
. SUMMARY OF THE INVENTION
Accordingly, it is an exemplary object of the present invention to provide a
thermal treatment apparatus and method which can perform control with high
accuracy and with reduced cost, in which the profiles are easily inputted.

According to an exemplary aspect of the present invention, there is provided'

a thermal treatrent apparatus comprising a heating means for heating a thermal
treatment chamber. A gas supplying means supplies atmospheric gas to the thermal
treatment chamber and a temperature‘measuring means measures temperature in the
thermal treatment chamber. A time measuring means measures heat treatment time,
and a control means conirols heating conditions provided by the heating means and
coﬁtrols-atmospheric gas supply conditions provided by the gas supplying means in
coordinated relation to each other based on the temperature in the thermal treatment
chamber measured by'the temperature measuring means and the heat treatment time
measured by the time measuring means.

According to another exemplary aspect of the present invention, there is
provided a thermal treatment apparatus which further comprises a profile displaying
means for displaying a heating profile and a gas supply profile in relation to each |
other.

According to a further exemplary aspect of the present invention there is
provided a thermal treatment apparatus wherein the profile displaying means



20 controls atnospheric gas supply conditions provided by the gas
suppl yi ng neans in coordinated relation to each other based on the
itenperature in the thermal treatnent chanber neasured by the
tenperature nmeasuring neans and the heat treatnent tine measur ed by
the tinme neasuring neans. Accordi ng to anot her exenpl ary aspect
of the present invention, there is 25 provided a thermal treatnent
apparatus which further conprises a pr6r1le di spl ayi ng means for
di splaying a heating profile and a gas supply profile in relation to each
ot her . According to a further exenplary aspect of the present
I nvention there is provided a thermal- treatnent apparatus wherein the
profil e didigplaysi the heatimgsprofile or the gas supply profile in the form of a graph. One
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supply) in the thermal treatment chamber.
According to a further exemplary aspect of the present invention, there is -

5 provided a method for controlling conditions in a thermal treatment chamber
comprising a step of inputting a heating profile governing the application of heat to
the thermal treatment chamber by one or more heaters, and a step of inputting a gas
flow profile governing the application of gas to the thermal treatment chamber by
one or more mass flow controllers. The method further comprises applying heat

10 and gas to the thermal treatment chamber with reference to the heating profile apd

the gas flow profile using a common time base reference.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing a thermal treatment apparatus according
15 .to an exemplary embodiment of the present invention;
Fig. 2 is a plan view showing a display condition of a display section when
profiles are inputted;
Fig. 3 is a plan view showing a temperature display condition of the display
section; and
20 Fig. 4 is a block diagram showing a conventional thermal treatment
apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENT
An exemplary embodiment of the present invention will be described in
25 detail with reference to the drawings. In the following description, for purposes of
explanation and not limitation, specific details are set forth in order to provide a
thorough understanding of the invention. However, it will be apparent to one
skilled in the art that the present invention may be practiced in other embodiments
that depart from these specific details. In other instances, detailed descriptions of



“axis of the graph represents tinme and the other axis represents tenperature
(or-gas supply) in the thermal treatnent chanber. Accor di ng
:to a further exenplary aspect of the present invention, thereis 5

provi ded a nmethod for controlling conditions in a thermal treatnent chanber
conprising a step of inputting a heating profile governing the application

of heat to the thermal treatnment Shanber by one or nore heaters, and a
step of inputting a gas fl ow profPl’e governing the application of gas
to the thermal treatnent chanber by one or nore nmass flow controllers.
The net hod further conprises applying heat 10 and gas to the thernal
treatnent chanber with reference to the heating profile and - the gas

f1 ow pr of iwell-lessowmmethodsremd déeviices ave smittas) sor asoat.to obscure the description of

BRI EF DESCRI PTI ON,OF THE DRAW NGS Fig. 1 is a block diagram

showi ng a PHBFeTR ifyeostionwith W%ée%cordl ng 15 to an exenplary
embodi ment  of I*ig Pies Blilck d 's 8wm a thermal treatrﬁélﬁ apﬁa.rht%sq ﬁc&r@hr‘/g ew

showi ng a display condition I'sp ay section profiles are
i nput t ed; to an embodiment I6f ¢he ﬂesmt anvehtion. v Thevtismmal trgatmenteapparamml e displ ay

condition of the dis section;. and 20 Fig. 415 a,block
g ot S SOPEeSA BEAPE Y Fem . 3 £ eabyTecsyShan3 and a migficantrofler’.

DESCRI PTI ON OF ﬁi‘eﬁeﬁﬁ%ﬁ 53R 2 ENE s MEpllirality of (in this embodiment, three)

heaters 6 for heating a heat treatment chamber 5, and a plurality of (in this
embodiment, three) thermocouples 7 for respectively measining ‘temperatures of the
zones W1, W2 and W3 in the heat treatment chamber 5 heated by the heaters 6. A
10 plurality of (in this embodiment, three) thyristors 8 control the heating conditions of
the corresponding heaters 6 by command signals transmitted from the
multicontroller 4.
The gas supplying system 3 includes a plurality of (in this embodiment,
three) mass flow controllers 9 for controlling the amounts of 2 plurality of (in this
15 . embodiment, three) types of atmospheric gases G1, G2 and G3 supplied from an
atmospheric gas supply section (not shown) to the thermal treatment chamber 5 in
accordance with command signals individually inputted from the multicontroller 4.
The multicontroller 4 includes a CPU 10 for performing various control
operations, having a time measuring means 10a. The mﬁlticontroller 4 further
20 includes an A/D conversion section 11 for converting temperature signals inputted
from the thermocouples 7 into digital signals and supplying the digitized
temperature signals to the CPU 10. A D/A conversion section 12 converts
command signals outputted from the CPU 10 into analog signals and supplies the
analog command signals to the thyristors 8 and mass flow controllers 9. A display
25 section 13 displays a heating profile, a gas supply profile and the actual change in
temperature of the thermal transfer chamber 5. An input section 14 inputs the
heating profile and the gas supply profile, and a storage section 15 stores the
heating profile and the gas supply profile inputted by the input section 14 and data
of the actual heating and gas supply conditions of the thermal treatment chamber $.



' An'exerrpl ary enbodi nent of the present invention wll be described in 25
det.ail with reference to the drawings. In the follow ng description, for

: pur poses of explanation and not limtation, specific details are set
forth in order to provide a t hor ough under st andi ng of the invention.
However, it wll be apparent to one skilled in the art that the
present invention may be practiced in qther enbodi nents t hat depart
fromthese specific details. In other ~i®nstances, detail ed descriptions of
- 5- wel | - known net hods and devices are omtted so as not to obscure
t he description of the present invention with unnecessary detail .-

Fig. 1 is a block diagram showi ng a thermal treatnent apparatus 1 according
to an enbodi nerifheothetnad treatnsenh apparatas i controlsithe heatingedysteme2 and the gaspar at us

L 5 cOMprises.a heat!ng. SYShemdy win 488 rulblintiold: 37 HeaE) Sedithethe
number of components in the control system.
A heat treatment operation performed by the thermal transfer apparatus 1 is
5 controlled as follows. First, when the heating profile and the gas supply profile are
inputted by the input section 14, the CPU 10 stores the profiles in the storage
section 15. Subsequently, the CPU 10 starts to control the thermal treatment.
More specifically, the CPU 10 sends command signals corresponding to the stored
heating profile to the thyristors 8, and the thyristors 8 control the exciting
10 conditions of the corresponding heaters 6 responsive to the command signals,
whereby heating conditions of the zones W1, W2 and W3 of the thermal treatment
chamber 5 are controlled, respectively in a prescribed time sequence specified by
the profile. Similarly, the CPU 10 sends command signals corresponding to the
stored gas supply profile to the mass flow controllers 9. The mass flow controllers
15 9 control supply conditions of the atmospheric gases G1, G2 and G3 supplied to the
thermal treatment chamber 5 responsive to the command signals in a prescribed
time sequence specified by the profile.
When a fluctuation point N, in the heating profile is detected Eased on the
heat treatment time data from the time measuring means 10a and the temperature
20 data of the thermal treatment chamber 5 from the thermocoﬁples 7, the CPU 10
outputs command signals to the thyristors 8. More specifically, the CPU 10 outputs
command signals which specify a new controlling condition to the thyristors 8,
respectively. For instance, the new controlling condition corresponds to a heating
condition with a heating gradient which differs from the heating gradient before the
25 profile fluctuation point N,. The thyristors 8 then control excitation of the heaters
6, respectively, responsive to the command signals, and control the heating
conditions of the heating zones W1, W2 and W3 corresponding to the heating
profile. '



The heating system 2 includes a plurality of (in this enbodi nent, three)
heaters 6 for heating a heat treatnent chamber 5, and a pIurallty of (in
this enbodi ment, three) thernocouples 7 for respectively nmeasuring
tenperatures of the zones W, W and WB in the heat treatnent chanber
5 heated by the heaters 6. A 10 plurality of (in this enbodi nent, three)
thyristors 8 control the heating conditions of t he correspondi ng
heaters 6 by command signals transmtted-fromthe mul ticontroller 4.
The gas supplying system 3 includes a plurality of (in this enbodi nent,
three) mass flow controllers 9 for controlling the anounts of a plurality
of (in this 15 enbodinment, three) types of atnpspheric gases Gl, & and &3

suppl i ed from aSimilarly, %B@S@h@rsupplﬁﬂg peofilp|fluctuacivn ?Oin( MO} issdeteote), the t he
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15 stores g profile and the gas supply profile inputted by
the inpot sectiBéraise thethegtdigoprofile fladtudtion pviriml aitbeheigag sapply pagile uppl y

conditions_of the thernal treatnment chanber 5.
fluctuation point N’ are related using a common tlme base, these points are
- controlled in relation to each other. In other words, the thermal treatment apparatus
1 enables the timing of the heating profile fluctuation point N, to coincide with the
~ timing of the gas supply profile fluctuation point N°, based on the passage of time

15 measured by the single time measuring means 10a included in the CPU 10.
Theret_'ore, these profile fluctuation points N, and N’, can be controlled in relation
to each other with high accuracy. _

The operations for inputting the heating profile and the gas supply profile in .
the thermal treatment apparatus 1 will now be described with reference to Fig. 2.

20 Fig. 2 is a plan view of the display section 13. The display section 13 has various
display modes, such as a profile-input display mode and a thermal treatment-display
mode, etc. Fig. 2 illustrates an exemplary display appearance of the profile-input
display mode. The input section 14 includes a numerical value inputting means,
such as, but not limited to, touch keys and/or a keyboard (not shown).

25 In the profile-input display mode, the display section 13 comprises a.graph
display section 13a and a numerical value display section 13b. The graph display
section 13a displays a graph in which the horizontal axis represents time and the
vertical axis represents temperature. The numerical value display section 13b is

divided into intervals (e.g., steps) corresponding to sections of the profile, and



-6 - The thermal treatnent apparatus 1 controls the heating

system 2 and the gas suppl yi ng system 3 sinul taneously with one

smul ticontroller 4, thereby reducing the nunber of conponents in the
control system A heat treatnent operation perfornmed by the
thermal transfer apparatus 1 is 5 controlled as follows. First, when the
heating profile and the gas supply profile are I nputted by the input
section 14, the CPU 10 stores the profﬁFES in the storage section 15.
Subsequently, the CPU 10 starts to control the thermal treatnent. Mor e

specifically, the CPU 10 sends command signals corresponding to the stored
heating profile to the thyristors 8, and the thyristors 8 control the

exci ting Jificludssrfilial temiperatiret display tegtors@0d|,Ral) emide20a, Eachalisplaydng/thet 0 t he
conmmand sé%}r%il S, wher eby heati ngw onditié)ns of the zones W, W2 and WB
of the th fempegatures ©f the héating zones" W1, W2 and W3 1n each interval. The

section 13b further includes temperature gradient display regions 20b,, 20b,, and
20b; each displaying the temperature gradients (for example, how many degrees the
5 temperature rises per minute) of the heating zones W1, W2 and W3 in each
interval. A necessary time display region 20c displays the necessary time of each
interval in the heating zones W1, W2 and W3. Gas supply flow rate display
- regions 20d;, 20d,, and 20d, each show supply flow rates of the atmospheric gas

G1; G2 and G3 in each interval. The boundary between the intervals can be made
10 to coincide with the above-described profile fluctuation points N,, as illustrated in

Fig. 2,

The heating profile and the gas supply profile are inputted as follows by
means of the display section 13 and the input section 14. The final temperature and
the necessary time (time required for arriving at the final temperature) of each

15 interval are first inputted using the input section 14. Then, the inputted values are
displayed in the final temperature display regions 20a,, 20a,, and 20a; and the
necessary time display region 20c, respectively. In addition, the CPU 10
automatically calculates the temperature gradients from the inputted final
temperature and the necessary time of each interval and displays the gradients in the

20 temperature gradient display regions 20b,, 20b,, and 20b;. Further, a graph of the
heating profile is displayed on the graph display section 13a from the inputted final
temperature and the necessary time for each interval. The heating profiles of the
heating zones W1, W2 and W3 can be depicted on the graph by illustrating each
profile using a different display color or line type (solid line, broken line, one-dot

25 chain line, two-dot chain line, etc.). In Fig. 2, however, to simplify the discussion,
the heating profiles of the heating zones W1, W2 and W3 are assumed to be
identical, and only one heating profile represented by a solid line is displayed on the
graph display section 13a.



' chanber 5 are controlled, respectively in a prescribed'tine seqguence

specified by the profile. Simlarly, the CPU 10 sends command si gnal s
:corresponding to the stored gas supply profile to the mass fl ow
controllers 9. The nmass flow controllers 15 9 control supply conditions of
t he atnospheric gases Gl, & and G3 supplied to the t hermal treatnent
chanber 5 responsive to the command signals In a prescribed tinme
sequence specified by the profile. 7T When a fluctuation point

Nlerr] in the heating profile is detected based on the heat treatnent

tinme data fromthe time nmeasuri-ng neans 10a and the tenperature 20 data of

the thernmal treatnent chanber 5 fromthe thernocouples 7, the CPU 10
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profile. gupply profiles can be efficiently inputted in relation to each other accurately, and
further, inputting errors are eliminated.
The inputted gas supply profile can be dfsplayed on the numerical value
display section 13b alone as shown in Fig. 2, or can be displayed on the graph
10 display section 13a superimposed on the heating profile (although not shown in Fig.
2). In this case, the vertical axis in the graph display section'13a represents a gas
supply flow rate. Alternatively, the gas supply profile can be displayed on the
* graph display section 13a after switching the display mode of the display section 13
to a gas supply profile display mode.
15 In Fig. 2, all eight intervals (0 to 7) are displayed simultaneously on the
graph display section 13a. However, it will be appreciated that a profile having
more intervals can be inputted by scrolling the display of the graph display section
13a and/or section 13b to the left and the right. Similarly, the display 13 can
accommodate addit'ionél input cells 20 in the vertical direction, and the sections 13a
20 and/or section 13b can be scrolled up and down to enter the input parameters or to
display the input parameters.
When performing heat treatment based on the profiles inputted by the above
operations, the actual temperature in the heat treatment chamber 5 can be displayed
as follows. First, upon the start of thermal treatment, the display mode of the
25 display section 13 changes to a trend data display mode. The conditions of the
heating zones W1, W2 and W3 can then be displayed, and the user can selectively
chose the zone or zones from which the conditions are displayed. The change of
the display mode and selection of the heating zones W1, W2 and W3 are effected

by operating the input section 14. Then, as shown in Fig. 3, the actual temperature



g Simlarly, when a gas supplying profile fluctuation

point N[err] is detected, the CPU 10, which started neasuring tine at
the sanme tine as the start of heating, out puts command signals to the
mass flow controllers 9. Mire specifically, the CPU 10 out puts comand

signals for providing a new controlling condition to the 5 nmass flow
controllers 9, respectively. For instance, the new controlling condition
can provi de an atnospheric gas supply ndition different fromthe suppl y

condi tion before the profile fluctuation point N[err]. Then, the mass
flow controllers 9 control each of the supply conditions of the .

at nospheric gases GlL, & and G3 responsive to the command signals. 10
Because t lvhafgestia g seleeted lafihg 26nestWONWRoand WY axergraphichlly dispiaed omppl v
profile fluctuation_point N [err] are related using a common tine
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of the gadnputied|heatingoprofite.f | uct uati on point N [err] based on the passage of
time 15 neasured by the single tinme neasurjng nmeans 10a included in the
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in superimposed on this display for comparison with the actual temperature changes. '
Further, the atmospheric gas supply conditions can be superimposed on this displa.y,
which allows the user to easily determine whether the heat treatment is progressing
10 in accordance with the stored profiles.

. In the above-described exemplary embodimént, the present invention has
been described in the context of a thermal treatment apparatus including three
heating zones W1, W2 and W3, and having means for supplying three types of
atmospheric gas G1, G2 and G3. However, those skilled in the art will appreciate

15 that the present invention can be used in other embodiments which differ in the
number of heating zones and supplied atmospheric gases.

In summary, the thermal treatment apparatus according to the present
invention offers the following exemplary advantages. The heating conditions
provided by the heating means and the atmospheric gas supply conditions provided

20 by the gas supplying means are controlled in coordinated relation to each other
according to a time sequence, so that heat treatment can be performed with high
accuracy. In addition, the heating system and the gas supplying system are
controlled by a single muiticontroller, which simplifies the control of these systems,
thereby reducing the cost of the apparatus.

25 Further, the heating profile and the gas supply profile are displayed in
relation to.each other by the display section, so that these profiles can be inputted

with high accuracy and with great ease.



lthe thermal treatnent apparatus 1 will now be described with reference to
Fig.”m2. 20 Fig. 2 is a plan view of the display section 13. The displ ay

section 13 has various di spl ay nodes, such as a profile-input display
node and a thernmal treatnent-display node, etc. Fig. 2 illustrates an
exenpl ary di splay appearance of the profile-input di spl ay node. The

i nput section 14 includes a nunerical value inputting neans, such as,
but not linmited to, touch keys and/or-dlkeyboard (not shown). 25 In

the profile-input display node, the display section 13 conprises a graph
di splay section 13a and a nunerical val ue display section 13b. The graph
di spl ay section 13a displays a graph in which the horizontal axis
represents ti meStilbdurthee, the heatirgy profitd amiihe gaﬁlﬁﬁﬁﬂ??hﬁﬁlé afPeisplayédin The

e R 3, 5SS Fokd o o s Skl i (9
-0 - thereby further increasing inputting accuracy.
The above-described exemplary embodiments are intended to be illustrative
5 in all respects, rather than restrictive, of the present invention. Thus, the present
invention is capable of variations in detailed implementation that can be derived
from the description contained herein by a person skilled in the art. All such
vaﬁaﬁons and modifications are considered to be within the scope and spirit of the

present invention as defined by the following claims.



I ncludes final tenperature display regions 20al, 20a2, and 20a3 each
di spl ayi ng__t he final tenperatures of the heating zones W, W2 and WB
-in each interval. The .section 13b further includes tenperature

gradi ent di [err], 20b[err], and 20b[ err] each
di spl ayi ng mlﬂmugummﬁﬂ radients (for exanple, how many degrees the 5
temperature risés per"nmi‘hut'e) of the ting zones W,, W2 and WB in each
interval. A necessary tine display re'gﬁg'n 20c di spl ays the necessary tine
of each interval in the heating zones W, W2 and WB. Gas supply flow
rate displ ay regions 20d[err], 20d[err], and 20d[err] each show supply
flow rates of the atnospheric gas Gl; & and G3 in each interval. The
boundary NéEHAEIS ChAIMERISial s can be made 10 to coincide with the
above-described profile fluctuation points Nerr], as illustrated in

Fig. 2. The heating profile and the gas supply profile are
inputted as foljl oAShdithal treatni®ReaSpafitus, tonPrisilgay section 13 and the input
section 14. The final tenperature and the necessary tinme (tine

requi red for aheatingrmeans fonbeating al thenmab dreatmgné chambesach 15 interval are

LTS Bt o o HRE B S5O spnhict o S B A

20al err] anpsmbdre necessary tinme display region 20c, respectively. In
addi tion, the CPU 10 autonatically cal culates the tseag)er ature
gradi ent s fr omterhperatureumeasyring mgans for measuyiag sempezaturedint Jais tevwasary time

of each interva nd di splays the gradients in the 20 tenperature gradi ent
di spl ay ré’&?@?@kf@aﬁ‘ r], 20b[err], and 20b[err]. Further, a graph of the

heating profil g tirke Heafir¥ S8 foRetbufiRp atheaP trednAElime Wukiag Wiien t he
I nputted final tenperature and the necessary tine for each interval.

The heat i isaidheating meansf heatsesaid thermaldrdatment chamberg an2 and W8 can be
depicted on the qgr by illustrating each .. profi usi ng, a.different
i ool ay ool or  arenEREmefs.for S5 Hing HestRg bopditont REvidsh S5Cpitnéhuny

means and atmospheric gas supply conditions provided by said gas supplying means

in coordinated relation to each other based on the temperature in said thermal

treatment chamber measured by said temperature measuring means and the heat

treatment time measured by said time measuring means, .

2. A thermal treatment apparatus according to claim l,. further comprising a
profile displaying means for displaying at least one profile used to control a

condition in said thermal treatment chamber.

3. A thermal treatment apparatus according to claim 2, wherein said profile
displaying means comprises an input mode display used for inputting said at least

one profile.

4. A thermal treatment apparatus according to claim 3, wherein said input
mode display comprises a first and a second display sections, wherein said first
section displays a graphical depiction of said at least one profile and said second
section displays numerical values corresponding to selected parameters of said at
least one profile.



"25 chain line, two-dot chain line, etc.). In Fig. 2, however, to sinplify
t he di SCUSSW profiles of the heating zones W, W2 and
‘WWB are assu identical, and only one heating profile

rlggr esent ed by\ﬁ‘\im“‘w!\m“m\d. spl ayed on the _graph fiigs_pl ay section

. Subsequent to, Sane*ti e as iﬁ'e above input operation of the
heating profile, the gas supply profiTe’is inputted to the input section
14. For i nstance, the gas supply profile can be inputted by making

visual reference to the heating profile which has been inputted and
di spl ayed on the graph display section 5 13a and the nunerical val ue

di spl ay secti orﬁ-l%bt.heﬂhﬁrt@fabn@lt apparatus @ageardingdalajmst, whereigsgisl firspr of i | es

con e TS P R BB G i nASEHURE sid

selected parameters are entered for each respective interval.

6. A thermal treatment apparatus according to claim 5, wherein said
selected parameters comprise one or more parameters from the following group of
parameters:

o necessary time parameter which specifies a time value corresponding to a
profile interval;

a final temperature parameter which specifies a temperature value
corresponding to a final temperature reached within a profile interval;

a temperature gradient parameter which specifies a gradient value
corresponding to a temperature rate of change within a profile interval; and

a gas flow rate parameter which specifies a gas flow rate corresponding to a

rate at which gas is applied during a profile interval.

7. A thermal treatment apparatus according to claim 2, wherein said profile
displaying means comprises an operating mode display used for displaying said at
least one profile during the application of heat by said heating means and the

application of gas by said gas supplying means.

8. A thermal treatment apparatus according to claim 2, wherein said at least
one profile comprises: _

one or more heating profiles which govern the application of heat by said
heating means to respective heating zones of said thermal treatment chamber; and

one or more gas supply profiles governing the application of respective gases
by said gas supplying means to said thermal treatment chamber. '



" The i nputted gas supply profile can be displayed on the nunerical value
di splay section 13b alone as shown in Fig. 2, or can be displayed on the

‘graph 10 display section 13a superinposed on the heating profile (although
not shown in Fig. In this case, the vertical axis in the graph

. . 2). .
the gas suppl ;’H@ﬂﬁllﬂﬂlllﬂﬂﬂiﬂiilh&%ﬁzygg on'the * ' graph i splay section
in

13a after switc b ﬁheﬂdi%plhy node “the display section 13 to a
gas supply profile display node. 15 In Fig. 2, all eight intervals
(0 to 7) are displayed sinultaneously on the graph di splay section
13a. However, it wll be appreciated that a profile having nor e

i nterval s can $e A theomaletreatmentcapphratuscaceonding toptlaim 8 further comprising spl ay
section ?a and/ or se%&h%g éwi%b tgi&%tkf left and the right. Simlarly,
t he di spl BFASIOF fypenmposiag LYY POIES 1Op KATPRESTt cells 20 in the
vertical direction, and the sections 13a 20 and/or section 13b can be

.scrolled up and down to enter the input paraneters or to di splay the
i nput par amet el®. A thermal treatmenpiappargtus fageoriding thecdgimt §,furthencompaising on t he

profiles inputfed by the.above operati o t he actual tenperature in

t he heat F‘F@Em‘f?éﬁ@%%!%tf’é@?%’l%ﬂ“%sfﬁ&@ﬁa&yé’gssm’eé] pgp?ﬁ?sol | ows. First, upon
the start of thernmal treatnent, the display node of the 25 display section
13 changes to a trend data display node. The conditions of the heat i ng

zones W, W2 aht Wsthemmalitrearménd dispdayl appathtussfod intedfacing withanthemhalct i vel y

o e Rea Anag o e Se aber, SR eRL B (e DRER ey and Vo

are ef f eCifghs for hedihgOP fefthalNGeatiént! dARMbes ACEds QpPiding TH&Ms f@S Shown in Fig.
3, the actual tenperature
supplying atmospheric gas to said thermal treatment chamber, and a temperature
measuring means for measuring temperature in said thermal treatment chamber,
wherein said display apparatus comprises:
a profile displaying device for displaying at least one profile used to control

a condition in said thermal treatment chamber.

12. A thermal treatment display apparatus according to claim ll,- wherein
said profile displaying device comprises an input mode display used for inputting
said at least one profile.

13. A thermal treatment display apparatus according to claim 12, wherein
said input mode display comprises a first and a second display sections, wherein
said first section displays a graphical depiction of said at least one profile and said
second section displays numerical values corresponding to selected parameters of

said at least one profile.

14. A thermal treatment display apparatus according to claim 13, wherein
said first section and said second section are divided into intervals, and further

wherein said selected parameters are entered for each respective interval.



. 10- changes in the selected heating zones W,, W2 and WB are

graphi cal ly displayed on the graph display section 13a, and it can

't herefore be determ ned whether or not the tenperature in the thermnal
transfer chanbenNg‘Eﬁ5ﬁ§€§‘Tn“aCCﬁfdance with the i nputted heating
profile. ’"ﬂ' he tenperature changes of the sel ected
heati ng zones WL, ﬂ ,B. played in Fig. 3, the inputted
heating profile cah atso be upe nposed on this display for
conparison with the actual tenperature changes Further, the

at nospheric gas supply conditions can be superinposed on thls di spl ay,
which allows the user to easily determ ne whether the heat treatnent is
progressing 1015i rA thermaliueatment dwplaympMu%acqwdmglt@glalm 14, wherein | n the

escr bod s Seiest Gtbicrs SORBERCOME or 1ok BArERERLs MG RIS gromp 1 nr o

heating zen@graifikter$2 and W3, and havi ng neans for supplying three types of

a necessary time parameter which specifies a time value corresponding to a

profile interval;
a final temperature parameter which specifies a temperature value

corresponding to a final temperature reached within a profile interval;
a temperature gradient parameter which specifies a gradient value

corresponding to a temperature rate of change within a profile interval; and
a gas flow rate parameter which specifies a gas flow rate corresponding to a

rate at which gas is applied during a profile interval.

16. A thermal treatment display apparatus according to claim 11, wherein
said profile displaying device comprises an operating mode display used for
displaying said at least one profile during the application of heat by said heating

means and the application of gas by said gas supplying means.

17. A thermal treatment display apparatus according to claim 11, wherein
said at least one profile comprises:
" one or more heating profiles which govern the application of heat by said
heating means to respective heating zones of said thermal treatment chamber; and
one or more gas supply profiles governing the application of respective gases

by said gas supplying means to said thermal treatment chamber.

18. A thermal treatment display apparatus according to claim 17, further

comprising means for superimposing at least two profiles for comparison.

19. A thermal treatment display apparatus: according to claim 17, further
comprising means for separately displaying one of a plurality of stored profiles.



at nospheric gas Gl, & and G3. However, those skilled in the art wll
appreciate 15 that the present invention can be used in other enbodinents
‘which differ in_the nunber of heating zones and supplied atnospheric
gases. In summary, the thermal treatnent apparatus according to

t he present u s the follow ng exenpl ary advantages. The
heating conditi mmml"lm ' by th heatl ng neans and the atnospheric
gas supply condi ti ohs 'prdvi ded* 20 by Gz gas suppl ying neans are
controlled in coordinated relation to each other according to a tine
sequence, so that heat treatnment can be performed wi th high accuracy.
In addition, the heating system and the gas supplying system are
control | ed by £0siAghethodifaricootrollioglconditions inha thenphl tréadmentrohambert r ol of
t hese systems t hereby reducing the cost of the apparatus. 25
Further, CAMPFSHEI ng profile and the gas supply profile are displayed in
relationto ea | es can
be inputted %b‘ﬁﬁﬁﬁahl ghntggﬁ cﬁlrezécﬁ)y@ l:’ahrll % Qﬂ%hrcég?ﬁ gg;s]%ét%%ﬁd%&mai
treatment chamber by one or more heaters;

inputting a gas flow profile governing the application of gas to said thermal
treatment chamber by one or more mass flow controllers; and

applying heat and gas to said thermal treatment chamber with reference to
said heating profile and said gas flow profile using a common time base reference.

21. A method for controlling the conditions in a thermal treatment chamber
of claim 20, wherein said inputting steps further comprise the steps of:

inputting a necessary time which specifies the time required for a prescribed
interval of said heating profile and said gas flow profile; and

inputting a final temperature value which specifies a final temperature value
attained within said prescribed interval; and

inputting a gas supply flow rate which specifies a rate at which gas is applied
to said thermal treatment chamber in said prescribed interval.

22. A method for controlling the conditions in a thermal treatment chamber
of claim 21, further comprising the steps of: |

displaying a graphical depiction of said heating profile and/or said gas flow
profile in response to said inputting steps.

23. A method for controlling the conditions in a thermal treatment chamber
of claim 22, further comprising the steps of:
displaying a graphical depiction of said heating profile superimposed on said

gas flow profile using said common time base reference.



Still further, the heating profile and the gas supply p'rofile are displ ayed

in - the formof a graph, so that the inputted profile can be nore
Teadily visualized, thereby further increasing inputting accuracy.

The above-descri bed exenpl ary enbodi ments are intended to be illustrative 5
in all respects, rather than restrictive, of the present invention. Thus,

t he present I nvention is capable of_variations in detailed

i npl ement ati on that can be derived -1%romthe description contained
herein by a person skilled in the art. Al such vari ations and

nodi fications are considered to be within the scope and spirit of the
present invention as defined by the follow ng clains. .
- 12 -

ABSTRACT OF THE DISCLOSURE

A thermal treatment apparatus comprises a heating device for heating a
thermal treatment chamber, and a gas supplying device for supplying atmospheric
gas to the thermal treatment chamber. A temperature measuring device measures

. temperature in the thermal treatment chamber, and a time measuring device

measures a heat treatment time during which the heating device heats the thermal
treatment chamber. A control device controls the heating conditions provided by
the heating device and atmospheric gas supply conditions provided by the gas
supplying device in coordinated relation to each other based on the temperature in
the thermal treatment chamber measured by the temperature measuring device and
the heat treatment time measured by the time measuring device. The thermal
treatment chamber can therefore be controlled more accurately. The invention also

pertains to a method for using the above-described thermal treatment apparatus.
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WHAT-1S CLAAMED I S: | ' 1. Athermal treatnent apparatus, conprising:

heating neans for heating a thermal treatnent chanber; gas suppl yi ng
neans for supplying atnospheric gas'to said thernal treatnent chanber
tenperature neasuring neans for neasuring tenperature in said thernmal

treat ment chanber; _ a tinme measuring neans for neasuring a heat
treatnment tinme during which said heating nmeans heats said thermal treatnent
thanber; and a control means for controlling heating conditions

provi ded by said heating neans and atnospheric gas supply conditions

provi ded by said gas supplying neans in coordinated relation to each ot.her
based on the tenperature in said thermal treatnment chanber nmeasured by said
tenperature neasuring nmeans and the heat treatnent tinme neasured by said

ti me neasuri.ng neans. 2. $ tRerml treatnent apparatus according
to claim1, further conprisi-Ag- a ofid e Fi spl ayi ng means for displaying at
| east one profile wded to ¢ | 'on_Ln_said—Lhﬂrnal treat nent
chanber . \\5s /ég
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3. Athermal treatnent apparatus according to claim2, wherein said profile
di spl ayi ng neans conprises an i nput node display used for inputting said at
| east one profile. 4. A thermal treatnent apparatus according to
claim 3, wherein said input node display conprises a first and a second

di spl ay ‘sections, wherein said first section displays a graphical depiction
of said at |east one profile and said second section displays nuneri cal

val ues corresponding to sel ected paraneters of said at |east one profile.

5. Athermal treatnment apparatus according to claim4, wherein said first
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section and said second section are divided into intervals, and further
wherein said selected paraneters are entered for each respective interva

6. A thermal treatment apparatus according to claimb5, wherein said

sel ected paraneters conprise one or nore parangters fromthe follow ng
group of paraneters: a necessary time paraneter which specifies a
time value corresponding to a profile interval; a final tenperature
paraneter which specifies a tenperature val ue corresponding to a fina
tenperature reached within a profile interval; a tenperature

gradi ent paraneter which specifies a gradient value corresponding to a
tenperature rate of change within a profile interval; and " a gas flow
rate paraneter which specifies a g esponding to a rate at
which gas is applied during a prof|le interval. 7. A thermal
treatment apparatus according to cfaim2, wherfirng sfaid profile displaying
means conpri ses an operating node (i splay us fdr §li splaying said at |east
one profile during the application]of heat saWd heat i ng means and the
application of gas by said gas supplying ! 8. Atherma
treatment apparatus according to claim2,/whereirn said at |east
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-

one profile conprises: one or nore heating profiles which govern the
application of heat by said heating neans to respective heating zones of
'said thermal treatnent chanber; and one or nore gas supply profiles
governing the application of respective gases by said gas supplying nmeans
to said thermal treatnent chanber. 9. A thermal

treat nent apparatus according to claim8, further conprising neans for
superinposing at least two profiles for conparison. : 10. A thermal
treat nent apparatus according to claim8, further conprising neans for
separately displaying one of a plurality of stored profiles.
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with a thermal

<1k A thermal treatment display apparatus f

N\treatne . \Wherein said thernal  tTleat BFFLAGENENT SHEETS! U

" he edting a thermal treat “HDasbiption apga SU egg,
meahs t nospheric gas tohsal d tﬁbE’lﬁ&g(sgrea tTC a ‘ang
ateg AFFsul i pg means for neas rlng\\tm‘ﬁh a N
treat ber, herein said display appt rMEstngfrpI’IE%eﬁ d:" Pagegq‘
pr ofli fe_di i eyi ce for displaying at §l-east one pr udelpgey ----.
contlr ol iti said thermal treatmeft: 2 8 MAY.1997
t her di spl ay apparatus accordi : F Lher-ei-n.sal d

profile displaying device conprises an input- “node dlsplay used for

i nputting said at | east one oroflle 13. 9

di spl ay apparat us BEESM/ JMENT APPARATUS A iU nde di spl ay
conprises a first and a second dlsplay sections, mhereln said first section
di splays a graphical depiction of said at |east one profile and said second

sect i onsdi spl ays nuneri CNAG‘/KGMUNWO@S’DHMI@ENG‘IQN ected paraneters of
said at | e?.s tFn(e)I(qeof Ft)lzeoic:;vler?uon

The present invention relates to a thermal treatment apparatus and method
which supplies heat and atmospheric gas to a thermal treatment chamber as a
function of a measured temperature in the thermal treatment chamber.

10 2. Description of the Related Art

Fig. 4 is a block .diagram showing a conventional thermal treatment
apparatus. As shown there, the thermal treatment apparatus 50 comprises a heating
System 51 and a gas supplying system 52. A recorder 53 records a temperature in a
thermal treatment chamber 54 and also records the amounts of gas supphed to the

15 thermal treatment chamber.

- The heating system 51 includes heaters 55 for heating the thermal treatment
chamber 54 and thermocouples 56 for measuring the temperature of the thermal
tréatment chamber 54. A plurality of temperature controllers 57 control the heating
conditions of the heaters 55 through a respective plurality of thyristors 58 in

20 accordance with the temperature in the thermal treatment chamber 54 as measured
by the thermocouples 56.

The gas supplying system 52 includes gas flow rate controllers 60 for
controlling amounts of atmospheric gas delivered to the thermal treatment chamber
54 from an atmospheric gas supply section (not shown) through mass flow

25 controllers 59.

The thermal treatment apparatus 50 controls a heating condition and a gas
supply condition in the thermal treatment chamber 54 as follows. The temperature
controllers 57 control the heating condition in a time sequence based on temperature
information received from the thermocouples 56, while the mass flow rate

3O controllers 59 control tﬁe gas supply in a time sequence based on signals received
from the gas flow rate controllers 60. More specifically, when it is detected that
the thermal treatment chamber 54 reaches a predetermined temperature on the basis



145 A thermal treatnment di spl ay apparatus according to claim 13, wherein
;sald first section and said second section are divided into intervals, and
further ,wherein said selected paraneters are entgred.for each regspective

interval, 15 15. A @PWEMEI\H‘aSHEEﬂ di spl ay
apparatus according to claim 14, wherein said se] eet conpri se
one or nore paraneters fromthefollovmng group pf} par, % a
necessary tinme paranmeter which specifies a tine ya ugf ?SZn| gto a
profile interval; a final tenpel@dture parpngt. ciffies a
tenperature val ue corresponding to a final tenpejature reached wi tfhin a
profile interval; a tenperature gradient ecifies a

gr adi ent Value G0 ESpaRti iR TUTRRAMETHOMRt € Of change within a

pr ofil e iater vear——afa

ABSTRACT OF THE DISCLOSURE

A thermal treatment apparatus comprises a heating device for heating a
thermal treatment chamber, and a gas supplying device for supplying atmospheric
gas to the thermal treatment chamber. A temperature measuring device measures
temperature in the thermal treatment chamber, and a time measuring device
measures 2 heat treatment time during which the heating device heats the thermal
treatment chamber, A control device controls the heating conditions provided by
the heating device and atmospheric gas supply conditions provided by the gas
supplying device in coordinated relation to each other based on the temperature in
the thermal treatment chamber measured by the temperature measuring device and
the heat treatment time measured by the time measuring device. The thermal
treatment chamber can therefore be controlled more accurately. The invention also

pertains to a method for using the above-described thermal treatment apparatus.

Fig 1




a ﬁas flowrate parameter which specifies a gas flowrate corresponding to
a rate at which gas is applied during a profile interval. 16. A

t her.mal treatnent display apparatus according to claim11l, wherein said
profjle displaying device conprises an operating node display used for

di splaying said at |east one profile during the epptpp@gmmoﬁmﬂﬁa by said
heati ng nmeans and the application of gyas by said ' ans.

17. A thermal treatnment display apparatus accordi erein
said at | east one profile conprises: one 0 rofiles
whi ch govern the application of heat by said heatj pgctive
heating zones of said thermal treatnent chanber; nor e gas
supply profiles governing the application of resp id gas

supplying neans to said thermal treatnment chanber. 18. A thermal
treatnment display apparatus a cordlgf claim17, further conprising nmeans
for superinposing at |east t prof+tes: oﬁgconparlson 19. A
thermal treatnent dirsblay apP at us accqrdlhg to claim17, further

conpri si ng neans for\iiiarate dis IaylngZ“ne oh,a*phurah ty of stored
profil es. + ! QO
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- 16 - 20. A nethod for controlling conditions in a thernal

treat nent chanber conpri sing: I nputting a heating profile governing
t he .application of heat to said thermal treatnent chanber by one or nore
heat ers; - inputting a gas flow profile governing the applicatign of
gas to said thernal treatnent chanber by one or nor e TESSFhieNT GPRET of | ers;
and appl yi ng heat and gas to said thermal tr a‘tﬁ? i1th
reference to said heating profile and said gas flowlprofile usi al cbmmon
ti me base reference. 21. A method for controlll i WA ‘@%ndltlons

in a thermal treatnent chanber
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of claim?20, wherein said inputting steps further conprise the steps of:

inputting a necessary tinme which specifies the tine required for a

prescri bed interval of said heating profile and said gas flow profile; and

inputting a final tenperature value which specifies a fi rature

value attained within said prescribed interval; . LAGEMENT i&h\ﬁﬁﬂ_t ng a gas
il e

supply flow rate which specifies a rate3at whic tp said
22. A

thermal treatnent chanber in said prestribed intierival . 97

met hod for controlling the conditions in a ther tﬁéh“ﬁgﬁp ch er of

claim 21, further conprising the steps of: i spl ayi aphi ca

depiction of said heating profile and/or said ga ow profile in_kesponse
23. A nethod f C ' t he

to said inputting steps.
treatment chanber of claim 22, further conprising

conditions in a thermal

the steps of: di spl ayi ng a grpphi car depitt; of said heating
profil e superinposed on said gas fl profile usifig shid common tine base
reference. 3
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