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HEATING FURNACE INCLUDING VERTICALLY 
SPACED-APART DOUBLE-SIDED 

FAR-INFRARED-RADIATION PANEL HEATERS 
DEFINING MULTI-STAGE DRYING CHAMBERS 

[0001] This application is based on Japanese Patent Appli 
cation No. 2000-133634 ?led on May 2, 2000, the contents 
of Which are incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a multi-stage heat 
ing furnace arranged to heat a stack of large-siZed substrates 
in the form of glass plates used for a liquid crystal display 
(LCD) panel and a plasma display panel (PDP), and a 
heating type far-infrared-radiation panel heater. The present 
invention is also concerned With a method of controlling 
?oWs of a ?uid (air) through the heating furnace. 

[0004] 2. Discussion of Related Art 

[0005] In the manufacture of large-siZed substrates for the 
liquid crystal display (LCD) panel and plasma display panel 
(PDP) indicated above, it is indispensable to perform drying 
and heating steps for drying and heating the substrates after 
Washing and after application of a coating, to remove a 
Washing liquid and a solvent contained in the coatings. To 
this end, a heating furnace is required. The substrates are 
thin rectangular sheets each side of Which has a length of 
about 1.0-2.0 m and the thickness of Which is about 0.7-3.0 
mm. Thus, the substrates to be dried and heated are consid 
erably large. 
[0006] Heating furnaces generally used to dry and heat 
such large-siZed substrates include, for instance: (1) a heat 
ing furnace of hot-air circulating type; (2) a heating furnace 
of far-infrared-radiation type; and (3) a heating furnace of 
hot-plate type. The heating furnace of hot-air circulating 
type can be easily designed to heat the substrates arranged 
in a stack, and has an advantage in the ef?ciency of space 
utiliZation. HoWever, the heating furnace of hot-air circu 
lating type suffers from dif?cult control of temperature 
distribution and contamination of the substrate With a dust 
bloWn by the hot air. Therefore, this type of heating furnace 
is not suitable for drying the large-siZed substrates, Where 
the substrates are required to be dried in a clean atmosphere 
With an even distribution of the heating temperature over the 
entire area of the substrate surface. 

[0007] The heating furnace of far-infrared-radiation type 
has the folloWing advantages: improved heating ef?ciency 
for removing the solvent; a comparatively high degree of 
accuracy of control of the heating temperature for even 
distribution over the entire range of the substrate surface, by 
controlling a heater; and a comparatively high degree of 
cleanliness of the atmosphere Within the furnace, oWing to 
radiation heating Without circulation of a hot air. HoWever, 
the heating furnace of far-infrared-radiation type is generally 
required to position its heating portion (adapted to generate 
a far infrared radiation) in opposed relationship With the 
substrates, for effecting the radiation heating of the sub 
strates. Accordingly, the heating furnace of this type is 
usually required to be a tunnel furnace (continuous furnace) 
in Which the substrates to be dried are fed one after another 
along a horiZontal path by a suitable conveying mechanism. 
The tunnel type heating furnace must have a relatively large 
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overall length and accordingly requires a relatively large 
installation space, Where the substrates are required to be 
dried to a comparatively large eXtent per unit time or Where 
the substrates have a relatively large siZe, as indicated above. 

[0008] The heating furnace of hot-plate type is arranged to 
effect conduction heating on the loWer side of the substrates, 
and therefore has advantages of even or uniform heating 
(even distribution of the heating temperature) and a rela 
tively high rate of rise of the heating temperature, Where the 
substrates have a relatively small siZe. Where the substrates 
are relatively large, hoWever, this type of heating furnace 
suffers from the folloWing drawbacks: dif?culty to achieve 
even heating: loWer heating ef?ciency for removing the 
solvent contained in the coating applied to the upper surface 
of each substrate, than in the heating furnace of far-infrared 
radiation heating; and requirement for a relatively large 
installation space Where the hot-plate type heating furnace is 
designed to be a tunnel or continuous type furnace. 

SUMMARY OF THE INVENTION 

[0009] It is therefore a ?rst object of the present invention 
to provide a multi-stage heating furnace Which is capable of 
heating large-siZed substrates in a clean atmosphere With a 
high degree of accuracy of temperature control and Which 
requires a reduced installation space. 

[0010] A second object of the invention is to provide a 
far-infrared-radiation panel heater suitable for use in the 
heating furnace of the present invention. Athird object of the 
invention is to provide a method suitable for controlling 
?oWs of a ?uid through the heating furnace of the invention. 

[0011] The ?rst object indicated may be achieved accord 
ing to a ?rst aspect of this invention, Which provides a 
multi-stage heating furnace for drying a plurality of large 
siZed substrates arranged in a stack, the multi-stage heating 
furnace comprising: 

[0012] 
[0013] a plurality of shelf heaters arranged Within the 
furnace body such that the shelf heaters are spaced from 
each other in a vertical direction at a predetermined spacing 
pitch and such that adjacent ones of the shelf heaters 
partially de?ne a plurality of drying chambers for accom 
modating the plurality of large-siZed substrates, respectively, 
each of said plurality of shelf heaters consisting of a far 
infrared-radiation panel heater of double-side heating type 
including a heat radiating plate in Which a heat-generating 
body is embedded, the panel heater having opposite major 
surfaces covered With respective thin ceramic layers Which 
emit a far infrared radiation When the heat radiating plate is 
heated by energiZation of the heat-generating body. 

[0014] In the multi-phase heating furnace constructed 
according to the ?rst aspect of this invention, each of the 
shelf heaters arranged Within the furnace body in vertically 
spaced-apart relation With each other includes a heat radi 
ating plate incorporating a heat-generating body, and has 
opposite major surfaces covered With respective thin 
ceramic layers for emitting a far infrared radiation, so that 
heat is radiated on the opposite sides of each panel heater. 
The electric Wires and terminals for energiZing the heat 
generating body may be accommodated in the peripheral 
portion of the panel heater. 

a furnace body; and 
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[0015] The shelf heaters consisting of the respective panel 
heaters thus constructed are spaced apart from each other 
Within the furnace body, so as to partially de?ne the drying 
chambers. In operation of the heating furnace, the large 
siZed substrates are placed on the respective shelf heaters, 
via suitable support blocks, so that each substrate is heated 
concurrently on its opposite sides, by radiation heating by 
the adjacent shelf heaters, Whereby the substrates are suit 
ably dried. OWing to the arrangement of the shelf heaters 
consisting of the double-sided far-infrared-radiation panel 
heaters in the vertically spaced-apart relation With each other 
Within the furnace body, the space required for installing the 
present multi-stage heating furnace is signi?cantly reduced 
With respect to that of a conventional tunnel type heating 
furnace, for drying a given number of large-siZed substrates 
in one drying cycle. Further, each panel heater of the shelf 
heaters can be made comparatively thin, so that the shelf 
heaters can be arranged at a relatively small spacing interval 
or pitch in the vertical direction. Accordingly, the required 
height of the present multi-stage heating furnace can be 
reduced. 

[0016] The present multi-stage heating furnace is capable 
of heating the large-siZed substrates for liquid crystal display 
(LCD) panels and plasma display panels (PDP), in an 
atmosphere having a high degree of cleanliness, With a high 
degree of accuracy of control of the heating temperature, so 
that the quality of the dried large-siZed substrates can be 
signi?cantly improved. This advantage in the operating 
performance of the present heating furnace is enjoyed in 
addition to the above-indicated advantage of the reduced 
installation space for the heating furnace oWing to the 
multi-stage shelf heaters arranged in the vertical direction 
Within the furnace body. 

[0017] According to a ?rst preferred form of the ?rst 
aspect of the invention, the far-infrared-radiation panel 
heater further includes a cover plate disposed above the heat 
radiating plate, and the outer surface of the heat radiating 
plate and the outer surface of the cover plate are covered 
With the thin ceramic layers for emitting the far infrared 
radiation. 

[0018] According to a second preferred form of the ?rst 
aspect of the invention, the heat-generating body embedded 
in the heat radiating plate consists of a plurality of heating 
portions located in respective different temperature control 
Zones Which are arranged in a horiZontal direction in Which 
the large-siZed substrates are introduced into and removed 
from the furnace body, the plurality of heating portions 
being arranged to heat corresponding portions of the heat 
radiating plates to respective different temperatures that are 
determined to establish a substantially even distribution of a 
temperature over a substantially entire surface area of each 
of the large-siZed substrates. 

[0019] In the heating furnace according to the second 
preferred form of the invention described above, the tem 
perature at each large-siZed substrate can be substantially 
evenly distributed over the entire surface area of the sub 
strate, oWing to the different heating temperatures in the 
local portions of the heat radiating plate Which corresponds 
to the respective different temperature control Zones of the 
heat-generating body embedded in the heat radiating plate 
extending in the horiZontal direction. The temperature con 
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trol Zones are arranged in the horiZontal direction in Which 
the substrates are introduced into and removed from the 
furnace body. 

[0020] The heating furnace according to a third preferred 
form of the invention further comprises a pair of side heaters 
Which are disposed as auXiliary heaters on opposite sides of 
a stack of the shelf heaters, so as to eXtend in the vertical 
direction along opposite side Walls of the furnace body, each 
of the side heaters consisting of a far-infrared-radiation 
panel heater. 

[0021] In the heating furnace according to the third pre 
ferred form of the invention described above, the accuracy 
of control of the temperature at the large-siZed substrates can 
be further improved oWing to the side heaters Which eXtend 
vertically along the respective side Walls of the furnace 
body, so as to heat the peripheral portion of each large-siZed 
substrate in the corresponding drying chamber. The heating 
furnace may further comprise a rear heater disposed verti 
cally along a rear Wall of the furnace body. 

[0022] The heating furnace according to a fourth preferred 
form of the invention further comprises at least one bottom 
heater consisting of a far-infrared-radiation heater Which 
cooperates With a loWest one of the shelf heaters to de?ne at 
least one bottom dummy drying chamber, and at least one 
top heater consisting of a far-infrared-radiation heater Which 
cooperates With an uppermost one of the shelf heaters to 
de?ne at least one top dummy drying chamber, none of the 
large-siZed substrates being accommodated in the bottom 
and top dummy drying chambers in operation of the multi 
stage heating furnace. 

[0023] In the heating furnace according to the fourth 
preferred form of the invention described above, the tem 
peratures in the loWermost and uppermost drying chambers 
can be controlled to be equal or close to those in the 
vertically intermediate drying chambers, in the presence of 
the bottom and top dummy drying chambers, Which function 
to compensate for a difference betWeen the temperatures in 
the loWermost and uppermost drying chambers and the 
temperatures in the vertically intermediate drying chambers, 
so that the temperatures at the large-siZed substrates to be 
dried in the loWermost and uppermost drying chambers can 
be controlled With a higher degree of accuracy. 

[0024] The second object indicated above may be 
achieved according to a second aspect of this invention, 
Which provides a far-infrared-radiation panel heater of 
double-side heating type used in a multi-stage heating 
furnace for drying a plurality of large-siZed substrates 
arranged in a stack Within a furnace body, the far-infrared 
radiation panel heater comprising: 

[0025] a heat radiating plate in Which a heat-generating 
body is embedded; and 

[0026] tWo thin ceramic layers Which covers opposite 
major surfaces of the panel heater and emit a far infrared 
radiation When the heat radiating plate is heated by energi 
Zation of the heat-generating body. 

[0027] According to a ?rst preferred form of the second 
aspect of this invention, the far-infrared-radiation panel 
heater of double-side heating type further comprises a cover 
plate disposed above the heat radiating plate, the tWo thin 
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ceramic layers covers an outer surface of the heat radiating 
plate and an outer surface of the cover plate, respectively. 

[0028] According to a second preferred form of the second 
aspect of the invention, the far-infrared-radiation panel 
heater of double-side heating type further comprises a 
holloW frame structure in Which the heat radiating plate is 
?xedly ?tted over an entire periphery thereof, the heat 
radiating plate partially de?ning a ?uid passage communi 
cating With an interior of the holloW frame structure, the heat 
radiating plate having a multiplicity of bloW holes commu 
nicating With the ?uid passage and open in an outer surface 
thereof, for ?uid communication betWeen the ?uid passage 
and a space outside the panel heater. 

[0029] The third object indicated above may be achieved 
according to a third aspect of this invention, Which provides 
a method of controlling ?oWs of a ?uid through a multi-stage 
heating furnace constructed according to the ?rst aspect of 
this invention, the method comprising the steps of: 

[0030] bloWing a ?uid doWnWards from a loWer surface of 
each of the plurality of shelf heaters, into an internal space 
Within the furnace body, through bloW holes open in the 
above-indicated loWer surface; 

[0031] discharging the ?uid from the space into an exter 
nal space outside the furnace body, by suction through 
suction holes formed for ?uid communication betWeen the 
internal and external spaces through the furnace body. 

[0032] In the ?uid control method according to the third 
aspect of this invention described above, the ?uid such as air 
is bloWn doWnWards from the loWer surface of each shelf 
heater into the internal space of the furnace body, through 
the bloW holes formed through the shelf heater, and is 
discharged into the external space outside the furnace body, 
by suction through the suction holes formed through the 
furnace body. According to this arrangement, the ?uid is 
pre-heated by the shelf heater before it is bloWn into the 
internal space the furnace body, so that the temperature 
distribution at the upper surface of each substrate is not 
undesirably in?uenced by the bloWn ?uid. Accordingly, 
solvents evaporated from the substrate under drying, and the 
heat generated Within the furnace body are discharged or 
dissipated into the external space, Whereby the atmosphere 
Within the furnace body is kept considerably clean, and the 
substrate is effectively dried by the ?oWs of the ?uid. 

[0033] According to a preferred form of the third aspect of 
the invention, the above-indicated step of discharging the 
?uid comprises forming the suction holes through a pair of 
side heaters disposed on respective inner surfaces of oppo 
site side Walls of the furnace body. In this arrangement, the 
?uid bloWn into the internal space can be effectively dis 
charged into the external space through the suction holes 
formed through the side heaters, under the aid of suction 
through the suction holes connected to a suitable sucking 
device such as an exhaust fan. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The above and other objects, features, advantages 
and technical and industrial signi?cance of the present 
invention Will be better understood by reading the folloWing 
detailed description of a presently preferred embodiment of 
the invention, When considered in connection With the 
accompanying draWings, in Which: 
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[0035] FIG. 1 is a side elevational vieW in cross section of 
a multi-stage heating furnace according to an embodiment of 
this invention; 

[0036] FIG. 2 is a front elevational vieW in cross section 
of the heating furnace of FIG. 1; 

[0037] FIG. 3 is a plan vieW of the heating furnace; 

[0038] FIG. 4 is a perspective vieW of a far-infrared 
radiation panel heater H as seen from its underside; 

[0039] FIG. 5 is a bottom plan vieW of the panel heater of 
FIG. 4; 

[0040] FIG. 6 is a side elevational vieW of the panel 
heater; 
[0041] FIG. 7 is an enlarged cross sectional vieW taken 
along line X-X of FIG. 5; and 

[0042] FIG. 8 is a fragmentary front elevational vieW in 
cross section of the heating furnace of FIGS. 1-3 indicating 
air ?oWs Within a furnace body A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] Referring ?rst to the side and front elevational vieW 
of FIGS. 1 and 2 and the plan vieW of FIG. 3, there Will be 
described a multi-stage heating furnace constructed accord 
ing to one embodiment of the present invention. The multi 
stage heating furnace is constructed to dry and heat large 
siZed substrates V used for a liquid crystal display (LCD) 
panel and a plasma display panel (PDP). For drying and 
heating the large-siZed substrates V for the liquid crystal 
display panel, the heating furnace may be used as a furnace 
for ?ring orientation ?lms of the display panel or drying 
sealing members of the display panel. For drying and 
heating the large-siZed substrates V for the plasma display 
panel, the heating furnace may be used as a furnace for 
drying masses of various coating pastes (used for forming 
ribs, electrodes, sealing members, and ?uorescent bodies, 
for example). The heating furnace has a body A in Which a 
plurality of shelf heaters H1-H6 are disposed so as to extend 
in the horiZontal direction such that the shelf heaters H1-H6 
are spaced from each other in the vertical direction, at a 
predetermined spacing pitch P. Each of the shelf heaters 
H1-H6 is constituted by a far-infrared-radiation panel heater 
of double-side heating type. 

[0044] The furnace body A further incorporates a bottom 
heater H11, a top heater H12, tWo side heaters H21, H22, 
and a rear heater H31, as shoWn in FIGS. 1-3. Each of these 
heaters H11, H12, H21, H22, H31 is also constituted by the 
far-infrared-radiation panel heater of double-side heating 
type. The bottom heater H11 is disposed on an inner surface 
of a bottom Wall 1 of the furnace body A, Which is located 
right under the loWermost shelf heater H1, While the top 
heater H12 is disposed on an inner surface of a top Wall 2 of 
the furnace body A, Which is located right above the 
uppermost shelf heater H6, as shoWn in FIG. 1. The bottom 
and top heaters H11, H12 are vertically spaced from the 
respective loWermost and uppermost shelf heaters H1, H6 
by a distance equal to the spacing pitch P indicated above. 
The tWo side heaters H21, H22 are disposed on inner 
surfaces of respective side Walls 3, 4 of the furnace body A, 
so as to extend in the vertical direction, as shoWn in FIGS. 
2 and 3, While the rear heater H31 is disposed on an inner 
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surface of a rear Wall 4 of the furnace body A, so as to extend 
in the vertical direction, as shown in FIGS. 1 and 3. 

[0045] In the furnace body A, there are provided air ?oW 
gaps 5, 5 betWeen the shelf heaters H1-H6 and the respective 
tWo side heaters H21, H22, and an air gap 6 betWeen the 
shelf heaters H1-H6 and the rear heater H31, as shoWn in 
FIGS. 1-3. The spacing pitch P of the multi-stage shelf 
heaters H1-H6 and bottom and top heaters H11, H12 in the 
vertical direction is suitably determined on the basis of the 
siZe of the large-siZed substrates V, and a method of intro 
ducing and removing the substrates V into and from the 
furnace body A, more speci?cally, into and from drying 
chambers R1-R5 Which are de?ned by and betWeen the 
adjacent shelf heaters H1-H6. Each of the shelf heaters 
H1-H6 is supported at one end by a front Wall 7 of the 
furnace body A, and at the tWo corner portions at the 
opposite end by respective projections from the rear Wall 4. 

[0046] As indicated above, the drying chambers R1-R5 
are de?ned by and betWeen the tWo adjacent ones of the 
multi-stage shelf heaters H1-H6 Which are spaced from each 
other at the predetermined spacing pitch P. Further, a loWer 
dummy drying chamber R11 is de?ned by and betWeen the 
loWermost shelf heater H1 and the bottom heater H11, While 
an upper dummy drying chamber R12 is de?ned by and 
betWeen the uppermost shelf heater H6 and the top heater 
H12. The drying chambers R1-R5 have respective entrances 
8 formed through the front Wall 7 of the furnace body A, so 
that the substrates A are introduced and removed into and 
from the respective drying chambers R1-R5, before and after 
the drying of the substrates A, respectively. The entrances 8 
are spaced from each other in the vertical direction at the 
predetermined spacing pitch P indicated above. Each of the 
entrances 8 has a rectangular shape, extending in the hori 
Zontal direction, and is provided With a hinged door 9 
pivotable about a horiZontally extending axis, as shoWn in 
FIG. 1, so that the entrance 8 is closed and opened by the 
hinged door 9. 

[0047] On the upper surface of each of the shelf heaters 
H1-H6, there are disposed a pair of support blocks 11, so as 
to extend in a direction Q in Which the substrates V are 
introduced and removed into and from the drying chambers 
R1-R5, as shoWn in FIG. 1. The tWo support blocks 11 are 
spaced apart from each other in a direction perpendicular to 
the direction Q, as indicated in FIG. 1. Each substrate V is 
placed on the support blocks 11 on the corresponding one of 
the shelf heaters H1-H6, in a spaced or non-contact rela 
tionship With the adjacent shelf heaters H1-H6, so that the 
substrate V is heated on its opposite sides, by radiation 
heating by the shelf heaters H1-H6. To prevent or minimiZe 
an in?uence of the external atmosphere on the internal 
atmosphere Within the furnace body A upon opening of the 
hinged doors 9 Which causes the external atmosphere to How 
into the drying chambers R1-R5, the substrates V introduced 
into the respective drying chambers R1-R5 are desirably 
located nearer to the rear Wall 4 than to the front Wall 7. 

[0048] Referring next to the perspective vieW of FIG. 4, 
bottom plan vieW of FIG. 5, side elevational vieW of FIG. 
6 and enlarged cross sectional vieW of FIG. 6, there Will be 
described the far-infrared-radiation panel heater H of 
double-side heating type used as each of the heaters H1-H6, 
H11, H12, H21, H31. This far-infrared-radiation panel 
heater H is a relatively large generally planar rectangular 
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member similar in shape to the large-siZed substrate V. The 
panel heater H includes a heat radiating plate 21, a holloW 
frame structure 24, and a cover plate 25. The heat radiating 
plate 21 is a relatively thick rectangular aluminum plate 
having a multiplicity of pipe holes 22 (FIG. 7) formed 
therethrough in parallel With a pair of opposite tWo sides of 
its rectangle, such that the pipe holes are equally spaced 
apart from each other in a direction parallel to the other pair 
of opposite tWo sides of the rectangle. The heat radiating 
plate 21 has a heat-generating body in the form of a 
multiplicity of cylindrical heat-generating members 23 
received in the respective pipe holes 22. The holloW frame 
structure 24 consists of four metallic channel members 
having a substantially square cross sectional shape as shoWn 
in FIG. 7. The four channel members are connected to form 
a rectangular frame in Which the heat radiating plate 21 is 
?xedly ?tted over its entire periphery. The cover plate 25 is 
a relatively thin rectangular aluminum plate ?xedly sup 
ported by the surrounding frame structure 24 such that the 
cover plate 25 is spaced a suitable distance from the upper 
surface of the heat radiating plate. 

[0049] The heat radiating plate 21 and the cover plate 25 
cooperate to de?ne therebetWeen an air passage 26, Which is 
held in ?uid communication With a multiplicity of air bloW 
holes 27 formed through the entire thickness of the heat 
radiating plate 21. As shoWn in FIG. 5, the air bloW holes 
27 are arranged in a matrix. The frame structure 24 has a 
primary function of reinforcing the relatively thin heat 
radiating plate 21 at its peripheral portion, and auxiliary 
functions of accommodating electric Wires and terminals for 
the heat-generating members 23 and serving as air passages 
for draWing and expelling or discharging air into and from 
the furnace body A. The heat-generating members 23 are 
energiZed to generate heat, by application of an electric 
current thereto through the electric Wires and terminals 
indicated above. 

[0050] In the thus constructed panel heater H, the outer 
surface of the heat radiating plate 21 and the outer surface 
of the cover plate 25 are covered by respective thin layers of 
a suitable ceramic material such as Zirconia or alumina 
capable of emitting a far infrared radiation. These thin layers 
of ceramic material have a thickness of 0.01-0.2 mm. When 
the heat radiating plate 21 is subjected to conduction heating 
by the cylindrical heat-generating members 23 embedded in 
the plate 21, the cover plate 25 is subjected to radiation 
heating, so that a far infrared radiation is emitted from the 
ceramic layers covering the outer surfaces of the heat 
radiating plate 21 and the cover plate 25, Whereby the 
substrate V opposed to the far-infrared-radiation panel 
heater H is subjected to radiation heating by the far infrared 
radiation. In the heating furnace constructed according to the 
present embodiment of the invention, each substrate V is 
interposed betWeen the tWo adjacent shelf heaters H (H1 
H6) spaced apart from each other by a suitable spacing 
distance (P), so that the substrate V is heated at its opposite 
major surfaces Which are opposed to the respective shelf 
heaters H. 

[0051] The interior of the rectangular frame structure 24 of 
each of the shelf heaters H1-H6 serves as the air passages as 
described above is connected to an air compressor, to 
introduce compressed air into the drying chambers R1-R5. 
To this end, the frame structure 24 of each shelf heater H has 
a plurality of air inlets 28 communicating With the air 
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passage 26 formed between the heat radiating plate 21 and 
the cover plate 25, as indicated in FIG. 7. According to this 
arrangement, the compressed air introduced into the frame 
structure 28 is fed through the air inlets 28 and air passage 
26 and is bloWn doWnWards from the heat radiating plate 21 
(panel heater H1-H6) through the multiple air bloW holes 27. 

[0052] On the other hand, the interior of the frame struc 
ture 24 of each of the side and rear heaters H21, H22, H31 
Which extend in the vertical direction is connected to a 
suitable exhaust fan through an exhaust duct, and the heat 
radiating plate 21 of these heaters H21, H22, H31 has a 
multiplicity of suction holes 29 formed through its entire 
thickness, as shoWn in the fragmentary cross sectional vieW 
of FIG. 8. The suction holes 29 are held in communication 
With the drying chambers R1-R5 and the air passage 26. 

[0053] In the shelf heaters H1-H6 and bottom and top 
heaters H11, H12 installed in place Within the furnace body 
A, the cylindrical heat-generating members 23 accommo 
dated Within the heat radiating plate 21 extend in the 
direction perpendicular to the direction Q of movements of 
the substrates V into and out of the furnace body A. These 
heat-generating members 23 of each heaters H1-H6, H11, 
H12 consist of three groups located in respective three 
temperature control Zones Z1-Z3 Which are arranged in the 
direction Q, as indicated in FIG. 3. The heating temperatures 
of the three groups of heat-generating members 23 in the 
respective temperature control Zones Z1-Z3 are controlled 
independently of each other, so as to compensate for a 
variation in the heating temperature in each of the drying 
chambers R1-R5, Which Would otherWise take place due to 
the external atmosphere introduced into the drying chambers 
R1-R5 When the entrances 8 are opened. This control 
arrangement assures substantially even distribution of the 
heating temperature Within the furnace body A in the direc 
tion Q, namely, in the direction parallel to the side Walls 3. 

[0054] In operation of the heating furnace, the large-siZed 
substrates V are introduced into the respective drying cham 
bers R1-R6 through the respective entrances 8 provided in 
the front Wall 7, and are placed on the pair of support blocks 
11 on the respective shelf heaters H1-H5, in spaced-apart 
relationship from the adjacent shelf heaters H1-H6, as 
shoWn in FIGS. 1-3, such that the printed surface of each 
substrate V faces upWards. The substrate V thus positioned 
in each of the drying chambers R1-R6 is subjected at its 
opposite surfaces to the primary radiation heating by the 
upper and loWer shelf heaters H1-H6, and is subjected at its 
peripheral portion to the auxiliary radiation heating by the 
side and rear heaters H21, H22 and H31. These primary 
radiation heating and auxiliary radiation heating are particu 
larly effective to heat the upper surfaces of the substrates V. 
The substrates thus dried are removed from the drying 
chambers R1-R6 through the entrances 8, by opening the 
hinged doors 9. 

[0055] The loWer dummy drying chamber R11 formed 
beloW the loWermost shelf heater H1 and the upper dummy 
drying chamber R12 formed above the uppermost shelf 
heater H6 are not provided With the entrances 8 and hinged 
doors 9. Like each of the normal drying chambers R1-R5, 
each of the loWer and upper dummy drying chambers R11, 
R12 is de?ned by and betWeen the tWo adjacent heaters. 
Namely, the loWer dummy drying chamber R11 is de?ned by 
and betWeen the loWermost shelf heater H1 and the bottom 
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heater H11 located under the shelf heater H1, While the 
upper dummy drying chamber R12 is de?ned by and 
betWeen the uppermost shelf heater H6 and the top heater 
H12 located above the shelf heater H6. The provision of 
these dummy drying chambers R11, R12 adjacent to the 
loWermost and uppermost normal drying chambers R1, R5 
permits the heating temperatures in the loWermost and 
uppermost drying chambers R1, R5 to be substantially equal 
to those in the intermediate normal drying chambers R2-R4, 
so that the temperatures at the surfaces of the substrates V 
in the loWermost and uppermost drying chambers R1, R5 
can be controlled With suf?ciently high accuracy. The bot 
tom and top heaters H11, H12, Which are also far-infrared 
radiation heaters of double-side heating type, are disposed in 
close contact With the inner surfaces of the bottom and top 
Walls 1, 2 of the furnace body A, so that heat is less likely 
to be dissipated in the dummy drying chambers R11, R12, 
Whereby the temperatures in these dummy drying chambers 
R11, R12 are higher than in the normal drying chambers 
R1-R5. Accordingly, the dummy drying chambers R11, R12 
do not permit even distribution of the heating temperature in 
the direction of thickness of the substrates V. 

[0056] Thus, the large-siZed substrates V supported by the 
shelf heaters H1-H6 except the uppermost shelf heater H6, 
that is, by the respective shelf heaters H1-H5 are heated in 
substantially all directions by radiation heating. Further, the 
loWer and upper dummy drying chambers R11, R12 permit 
substantially even or uniform temperature distribution at the 
surfaces of the substrates V, throughout the interior space of 
the furnace body A, namely, in all of the drying chambers 
R1-R5, so that the heating temperature can be accurately 
controlled for all of the substrates V. An experiment revealed 
a temperature variation of as small as 115° C., Where the 
nominal temperature to be established Within the furnace 
body A Was Within a range of IOU-250° C. 

[0057] In addition, the hot air is bloWn doWnWards from 
the horiZontally extending shelf heaters H1-H6 and the top 
heater H12 into the furnace body A, While the thus bloWn hot 
air is sucked into the vertically extending side and rear 
heaters H21, H22, H31, as indicated in FIG. 8. Described 
more speci?cally, the air introduced into the frame structure 
24 of each of the shelf heaters H1-H6 and top heater H12 is 
fed through the air inlets 28 into the air passage 26 betWeen 
the heat radiating plate 21 and the cover plate 25, so that the 
air is heated by the shelf and top heaters H1-H6, H12 to a 
suitable temperature value. The thus heated air or hot air is 
bloWn doWnWards from the heaters H1-H6, H12 through the 
air bloW holes 27 formed through the heat radiating plate 21, 
so that the upper surface of the underlying substrate V is 
heated by the hot air. The hot air then ?oWs along the upper 
surface of the substrate V, toWard the suction holes 29 
formed through the side heaters H21, H22 and rear heater 
H31, under the aid of suction by the exhaust fan connected 
to the suction holes 29 through the exhaust duct. It is noted 
that the dimensions of the heaters H1-H6, H21, H22 in the 
cross sectional vieW of FIG. 8 are made different from those 
in the cross sectional vieW of FIG. 2, for easier illustration 
of the air ?oWs Within the furnace body A. 

[0058] With the air ?oWs described above, the solvents 
evaporated from the printed portion of each substrate V 
under drying, and the heat generated Within the furnace body 
A are discharged or dissipated into the atmosphere outside 
the furnace body A, so that the atmosphere Within the 
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furnace body A is kept considerably clean, and the substrate 
V is effectively dried by the ?oWs of the air along the upper 
surface of the substrate V. In addition, since the air is 
pre-heated by the shelf and top heaters H1-H6, H12 before 
it is bloWn through the air bloW holes 27, the temperature 
distribution at the upper surface of each substrate V is not 
undesirably in?uenced by the bloWn air. It is also noted that 
the present multi-stage heating furnace does not include any 
conveying device or mechanism for moving the substrates V 
into and from the furnace body A. This absence of any 
conveying device permits an improvement of the cleanliness 
degree of the atmosphere Within the furnace body A, to Class 
100 or so, in combination With the removal of the evaporated 
solvents from the furnace body A together With the pre 
heated air bloWn doWnWards from each of the shelf heaters 
H1-H6 and top heater H12. 

[0059] The space required for installation of the present 
multi-stage heating furnace can be reduced to one tenth of 
that of a conventional tunnel furnace, since the heating 
capacity of the present heating furnace (the number of the 
substrates to be dried in one operation) can be increased by 
increasing the number of the drying chambers R (the number 
of the shelf heaters), Which merely increases the height of 
the furnace body A. Further, the present multi-stage heating 
furnace uses the panel heaters H of double-side heating type 
Wherein the electric Wires and terminals for the heat-gener 
ating members 23 are accommodated in the frame structure 
24. The panel heaters H of this double-side heating type have 
a considerably smaller thickness than a conventional heater 
of single-side heating type, and can be arranged at a verti 
cally spacing pitch of as small as about 50-150 mm, contrary 
to the pitch of as large as about 400-600 mm of the 
single-side heating type. Accordingly, the required height of 
the present multi-stage heating furnace can be reduced. 

[0060] In the illustrated embodiment described above, 
each far-infrared-radiation panel heater of double-side heat 
ing type uses a heat-generating body in the form of the 
multiplicity of cylindrical heat-generating members 23 
embedded in the aluminum heat radiating plate 21 at the 
predetermined spacing pitch. HoWever, the far-infrared 
radiation panel heater of double-side heating type used in the 
multi-stage heating furnace may use any other heat-gener 
ating body, for instance, suitably patterned layers of an 
electrically resistive metal formed on an electrically insu 
lating sheet formed of polyimide or mica, for eXample. In 
this case, each patterned layer of the electrically resistive 
metal desirably consists of a plurality of temperature control 
Zones Which are arranged in the direction Q and Which have 
different electric resistance values so that the temperature 
control Zones have different thermal output values, for even 
distribution of the heating temperature for the substrate V in 
the direction Q. Although the illustrated embodiment is 
arranged to introduce and discharge air into and from the 
furnace body A so as to improve the cleanliness of the 
atmosphere Within the furnace body A, any other gaseous 
?uid such as nitrogen gas or other inert gas Which does not 
oXidiZe the substrates V may be used. 

[0061] In the illustrated embodiment, the air bloWn doWn 
Wards from the multi-stage shelf heaters H1-H6 to improve 
the cleanliness of the atmosphere Within the furnace body A 
are discharged from the furnace body Aby suction through 
the suction holes 29 and air passages 26 formed through the 
side and rear heaters H21, H22, H31. HoWever, these side 
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and rear heaters H21, H22, H31 are not essential and may be 
replaced by suction holes Which are directly formed through 
the side and rear Walls 2, 4 of the furnace body A. 

[0062] While the upper and loWer surfaces of each shelf 
heater H1-H6 are both coated With the ceramic layer emit 
ting a far infrared radiation in the illustrated embodiment, 
the ceramic layer on the upper surface of the shelf heater 
may be dispensed With Where the heating temperature at the 
loWer surface of the substrate V is required to be controlled 
to a relatively loW level. 

[0063] The heating furnace of the illustrated embodiment 
has only one entrance 8 at one end of each drying chamber 
R1-R5 so that the substrate V is introduced into and removed 
from the drying chamber through the same entrance 8 before 
and after the drying of the substrate V. HoWever, each drying 
chamber may be provided at one end With an inlet open end 
through Which the substrate V is introduced before the 
drying, and at the other end With an eXit open end through 
Which the substrate V is removed after the drying. 

[0064] In the illustrated embodiment, the interior of the 
frame structure 24 of each of the shelf heaters H1-H6 is 
connected to the air compressor so that compressed air is 
bloWn doWnWards through the air bloW holes 27, While the 
interior of the frame structure 24 of each of the side and rear 
heaters H21, H22, H31 is connected to the eXhaust fan so 
that the air is discharged from the furnace body A through 
the suction holes 29. HoWever, the compressed air may be 
introduced through the holes 29 of the side and rear heaters 
H21, H22, H31. In this case, the air is discharged through the 
holes 37 of the shelf heaters H1-H6. 

[0065] While the siX shelf heaters H1-H6 are provided to 
de?ne the ?ve drying chambers R1-R5 in the illustrated 
embodiment, the numbers of the shelf heaters and drying 
chambers may be suitably determined depending upon the 
desired number of the large-siZed substrates A to be pro 
cessed in one drying cycle. 

[0066] It is to be understood that the present invention 
may be embodied With various other changes, modi?cations 
and improvements, Which may occur to those skilled in the 
art, Without departing from the spirit and scope of the 
invention de?ned in the folloWing claims: 

What is claimed is: 
1. A multi-stage heating furnace for drying a plurality of 

large-siZed substrates arranged in a stack, comprising: 

a furnace body; and 

a plurality of shelf heaters arranged Within said furnace 
body such that said shelf heaters are spaced from each 
other in a vertical direction at a predetermined spacing 
pitch and such that adjacent ones of said shelf heaters 
partially de?ne a plurality of drying chambers for 
accommodating said plurality of large-siZed substrates, 
respectively, each of said plurality of shelf heaters 
consisting of a far-infrared-radiation panel heater of 
double-side heating type including a heat radiating 
plate in Which a heat-generating body is embedded, 
said panel heater having opposite major surfaces cov 
ered With respective thin ceramic layers Which emit a 
far infrared radiation When said heat radiating plate is 
heated by energiZation of said heat-generating body. 
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2. A multi-stage heating furnace according to claim 1, 
wherein said far-infrared-radiation panel heater further 
includes a cover plate disposed above said heat radiating 
plate, said opposite major surfaces of said panel heater 
consist of an outer surface of said heat radiating plate and an 
outer surface of said cover plate. 

3. A multi-stage heating furnace according to claim 1, 
Wherein said heat-generating body embedded in said heat 
radiating plate consists of a plurality of heating portions 
located in respective different temperature control Zones 
Which are arranged in a horiZontal direction in Which said 
large-siZed substrates are introduced into and removed from 
said furnace body, said plurality of heating portions being 
arranged to heat corresponding portions of said heat radiat 
ing plates to respective different temperatures that are deter 
mined to establish a substantially even distribution of a 
temperature over a substantially entire surface area of each 
of said large-siZed substrates. 

4. A multi-stage heating furnace according to claim 1, 
further comprising a pair of side heaters Which are disposed 
as auXiliary heaters on opposite sides of a stack of said 
plurality of shelf heaters, so as to eXtend in said vertical 
direction along opposite side Walls of said furnace body, 
each of said side heaters consisting of a far-infrared-radia 
tion panel heater. 

5. A multi-stage heating furnace according claim 1, fur 
ther comprising at least one bottom heater consisting of a 
far-infrared-radiation heater Which cooperates With a loWest 
one of said plurality of shelf heaters to de?ne at least one 
bottom dummy drying chamber, and at least one top heater 
consisting of a far-infrared-radiation heater Which cooper 
ates With an uppermost one of said plurality of shelf heaters 
to de?ne at least one top dummy drying chamber, none of 
said plurality of large-siZed substrates being accommodated 
in said at least one bottom dummy drying chamber and said 
at least one top dummy drying chamber in operation of said 
multi-stage heating furnace. 

6. A far-infrared-radiation panel heater of double-side 
heating type used in a multi-stage heating furnace for drying 
a plurality of large-siZed substrates arranged in a stack 
Within a furnace body, said far-infrared-radiation panel 
heater comprising: 
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a heat radiating plate in Which a heat-generating body is 
embedded; and 

tWo thin ceramic layers Which covers opposite major 
surfaces of said panel heater and emit a far infrared 
radiation When said heat radiating plate is heated by 
energiZation of said heat-generating body. 

7. A far-infrared-radiation panel heater of double-side 
heating type according to claim 6, further comprising a 
cover plate disposed above said heat radiating plate, said tWo 
thin ceramic layers covers an outer surface of said heat 
radiating plate and an outer surface of said cover plate, 
respectively. 

8. A far-infrared-radiation panel heater of double-side 
heating type according to claim 6, further comprising a 
holloW frame structure in Which said heat radiating plate is 
?xedly ?tted over an entire periphery thereof, said heat 
radiating plate partially de?ning a ?uid passage communi 
cating With an interior of said holloW frame structure, said 
heat radiating plate having a multiplicity of bloW holes 
communicating With said ?uid passage and open in an outer 
surface thereof, for ?uid communication betWeen said ?uid 
passage and a space outside said panel heater. 

9. A method of controlling ?oWs of a ?uid through a 
multi-stage heating furnace de?ned in claim 1, comprising 
the steps of: 

bloWing a ?uid doWnWards from a loWer surface of each 
of said plurality of shelf heaters, into an internal space 
Within said furnace body, through bloW holes open in 
said loWer surface; 

discharging said ?uid from said space into an eXternal 
space outside said furnace body, by suction through 
suction holes formed for ?uid communication betWeen 
said internal and external spaces through said furnace 
body. 

10. A method according to claim 9, Wherein said step of 
discharging said ?uid comprises forming said suction holes 
through a pair of side heaters disposed on respective inner 
surfaces of opposite side Walls of said furnace body. 


