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DESCRIPTION 

Infrared ray lamp, heati.ng apparatus. and method 

of producing the inf rared ray lamp 

TECHNICAL FIELD 

The present invention relates to an infrared ray· 

lamp to be used.for a heater for hec;tting objects and a spqce 

heater for heating rooms, etc. (hereinafter referred to 

as a heating apparatus) , more particularly to an infrared 

ray lamp havin.g good functions as a heat source by using 

a carbon-based substance as a heating element, to a heating 
. . 

apparatus using the infrared ray lamp, and to a method of 

producing the infrared ray lamp. 

BACKGROUND ART 

A conv~ntional inf rared ray lamp causes a 

· problem wherein its power consump.tion increases 

abnormally after use for a long time, and its heating 

portions fuse and. break in some cases. This problem will 

be described.below. 

As an infrared ray lamp conventionally used as 

a ·heat source, an: 1·nfrared ray lamp having a tungsten 

spiral filament held .at the central portion of a glass tube 

by a number of supports. of tungsten is used. However, the 

infrared ray emission rate of the tungsten is so low as, 
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30 to 39%. and the rush current at the time· of turning on 

:Ls h:l.gh. Furthermore. it is necessary to use a number of 

the tungsten supports for holding the tungsten spiral 

filament at the central portion of the glass tube, and the 

assembly work for them was not easy. In particular. 

sealing the p_lural tungsten spiral filaments in the glass 

tube in order to obtain high output was very d:l.fficult. 

In order to solve these problems~ an infrared 

ray lamp, wherein a carbon-based substance formed into a · 

rod shape is used instead of the tungsten spiral. filaments 

as a heating element, has been proposed conventionally. 

As such.a conventional infrared ray lamp, an infrared ray 
. . 

lamp disclosed in Japanese Publish~d Unexamined Patent 

ippl.:Lcat:Lon, Publication.No. Hei 11-54092 ap~lied by the 

same applicant as that of the present :Lnvent:l.on is 

ava:Llable. Since the carbon-based substance has a high 

infrared ray emission rate of 78 to 8.4%. the infrared ray 

emis·sion rate of the i,nfrared ray lamp also becomes high 

by using the carbon-based substance as a heating el.ement. 

Furthermore, since the carbon-based substance has a 

negative resistance temperature characteristic wherein 

its resistance value lowers as the temperature rises. the 

carbon-based substarice has a sig~ificant characteristic 

of capable of reducing its rush.current.at the time of 

turning on. 

FIGS. 20 and 21 are front views showing the 
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conventional infrared ray lamp described in Japanese 

Published Unexamined Patent Application, Publication No. 

Hei 11-54092, wherein the carbon"".b-ased substance is. used 

as a heating element. Part (a) of FIG. 20 is a view showing 

the structure of the lead wire taking-out port~~n of the 

conventional infrared ray lamp in which a heating element 

200 .is sealed inside a glass tube 100. Part (b) of FIG. 

20 is a partially magnified view showing the connection· 

portion between the heating element 200 and the lead wire 

104 of the infrared ray lamp shown in the part (a) of FIG.· 

20. FIG. 21 is ~ partially magnified view showing the 

c_onnection portion between the two heating elements 200a 

and 200b and the lead wire 104 of the conventional infrared 

ray lamp in which the two heating elements 200a and 200b 

are sealed inside the glass tube. The part (a) of FIG~ 

20 shows ~he structure of one ·en~ of the infrared ray lamp, 

and the other end of the infrared ray lamp has similar 

structure.· Furthermore; the structure of th~ infrared 

ray 1amp shown in FIG. 21 is simi1ar to that shown in the 

part (a) of FIG. 20, except for the connection portion 

'between the two heating elements ·2ooa and 200b and the lead 

wire 104 shown in the figure. 

As shown in the part (a) of FIG. 20, in the 

conventional infrared· ray lamp, a metal wire 102 wound in 

a coil shape is wound around the end of the heating element 

200 formed of a carbon-based substance and formed into a 
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rod shape. The end portion of the coil-shaped metal wire 

102 is covered with a metal foil sleeve 103, an·d this metal 

f-oil sleeve 103 is secured to the end of the heating element 

200 by crimping. The internal lead wire 104 forme~ of a 

metal wire and having a coil portion 105 wound in a 

coil-spring shape in the middle of the wire is electrically 

bonded to 6ne end of the metal foil sleeve 103. One end 

of a molybdenum foil sheet 107 is spot-welded to the other 

end of the internal lead wire 104. Furthermore, an 

external lead wire 108 formed of a molybdenum wire is 

welded to the other end of the molybdenum foil sheet 107. 

The heating element 200, the metal foil sleeve 103, the 

internal lead wire 104, the molybdenum foil sheet 107 and 

the external lead wire 108 connected in series as described . 

above are inserted into the glass tube 100 and disposed 

therein. An inert gas, such as argon, ni trc:;>gen or. the like. 

is sealed inside the glass tube 100, the glass tube 100 

is fused and bonded at the portion of the molybdenum foil 

sheet 107~ thereby completing(an-infrared ray lamp. 

FIG. 21 is a perspective view showing the inside. 

of another conventionai infrared ray lamp and showing the 

structure of the connection portion between the two 

heating elements 200a and 200b and the metal lead wire 104 

of the conventional infrared ray lamp. As shown· in FIG. 

21, this conventional infrared ray lamp has a structure 

wherein the two heating elements 200a and 200b are sealed 
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in one glass tube {not shown) . In the infrared ray lamp 

shown in FIG. 21, coil-shaped metal wires 102a and 102b 

are wound around the end portions of the heating element 

200a and 200b respectively, and metal foil sleeves 106 ar~ 

fitted over the wires. The fitted metal foil sleeves 106 

are secured to the end portions of the heating el~ments 

200a and 200b by crimping. The metal lead wire 104 having 

a coil portion 105 wound in a coil-spring shape in t~e 

middle of the wire is electrically connected to the metal 

toil $le•ves 106. 

The infrared ray·1a~ps having the ab9ve­

mentioned structures have good infrared ray emission rates, 

since their heating elements~are formed of a carbon-based 

substance; but, there are the following problems. 

In the conventional infrared ray lamp hav_ing the 

structure shown in FIG. 20, for the lamp of large watta,ge 

of the infrared ray lamp, that is, for the lamp of a large 

power consumpt1.on, the coil_.shaped metal wire 102 is 

heated to a high temperature. As a result, when the 

infrared ray lamp having this structure is used for. a long 

time, .the contact resistance of the connection portion 

among the heating element 200, the coi.1-shaped metal wire 

102 and the metal foil- sleeve 103 increases because of the 

temperature rise. The conventional infrared ray lamp 

therefore has the problem of abnormal heating at the 

connection portion. Furthermore; if the temperatu~e at 
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the connection portion between the coil-.shaped metal wire 

102 and the metal foil sleeve 103 rises continuo~sly for 

a-long.time~ the.temperature at the .bonding portion may 

rise high and, in the worst. case, the bonding portion may 

fuse and·break. Moreover; the stress caused by heat cycles 

due to the difference in thermal expansion coefficient 

·between the heating element 200 and the coil-shaped metal 

wire 102 is added, and the contact resistan6e becomes 

higher than the value at the beginning of use, whereby the 

temperature rise at the connection portion is accelerated. 

In addition, in the structure of 'the infrared 

ray lamp having the· two heating elements 200a and 200b 

shown in FIG. 21, the following problems are caused. 

In the process wherein both ends of the two 

heating elements 200a and 200b are crimped by using the 

metal foil. sl.eeve 106, no problem occurs if the two heating 

elements 200a and 200b are crimped by a uniform tension 

or compression force; however, crimping may occur in a 

st~te of an unbal.anced tension or compress~on force.· In 

the conventional. inf rared ray lamp undergone crimping in 

such a way, if the heating elements 200a and 200b are heated, 

the two heating el.ements 200a and 200b expand thermally 

in 4ifferent states. For.this·reason, the imbalance of 

the tension or compression force applied to the heating 

el.ements 200a and 200b increases. In the case when the 

balanc~ in the crimped state is improper ih particul.ar, 
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one of the carbon-based heating elements, to.which the 

larger tension or compression force is ap_plied, may break. 

Next, the problem of directivity in the 

conventional infrared ray lamp wi.11 be described below .. 

The infrared ray lamp is used· as a heater for 

heating objects or for_a space heater for heati.ng rooms 

by using radiant infrared rays. As this kind of the 

conventional infrared ray lamp, an infrared ray lamp 

having the structure sh.own in FIG. 22 is known. FIG. 22 

is a plan view showing an example.of the conventional 

infrared ray lamp. FIG. 23 is a perspective view showing 

the infrared ray lamp shown in FIG. 22. In FIGS. 22 and 

23,· the central portion of the infrared ray lamp can be 

understood easi.ly from the descriptions on both side 

portions shown in the fi.gures, therefore, the central 

. porti.on .of the infrared r.ay lamp is not shown in either 

of the figures. 

The conventional infrared _ray lamp shown in FIGS. 

22 and 23 compri~es a substantially cylindrical glass tube 

201, metal foil sheets 205 embedded in both end portions . . 

of the glass tube 201, a heating element 240 hermetically 

sealed inside the glass tube 201 and internal lead wires 

204. The heating eleme·nt 240 is a resistance wire formed 

of nichrome or tungsten and wound in a coil shape. The 

internal lead wires 204 are used to connect both ends of 

the heating element 240 to. the metal foil sheets 205. As· 
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a result, the heating element 240 is electrically 

connected to the metal foil sheets 205 and pulled properly 

by the internal lead wires 204 on both sides, thereby 

secured stably. At this time, the center axis.of the 

coil-shaped heating element 240 is disposed so as to be 

substantially coaxial with th~ center.axis of the 

ciylindr~cal glass tube 201. 

As shown in FIGS. 22 and 23, the external lead 

·wires 206 are connected to the metal foil sheets 205 on 

both sides respectively. When a voltage is applied across 

the external lead wires 206 taken out from both sides, a 

current flows through the heating element 240, and heat 

generates from the heating element 240 owing to the 

resistance of the heating element 240 correspop.ding to the 

current. At this time, infrared rays are emitted from the 

heating element 240. 

Part (a) of FIG. 24 is a graph of the distribution 

curve 270 of the intensity of the infrared rays.emitted 

from the heating element 240 of the infrared ray lamp shown 

in FIG. 23. Part (b) of FIG. 24 is a cross-sectional view 

showing the portion having the heating element 240 of the 

·infrared ;-ay lamp shown in FIG. 23. The x and y axes shown 

in the parts {a) and (b) of FIG. 24 are orthogonal 

coordinate axes on a plane perpendicular to the axial 

directi_on of the heating element 240 shown in FIG. 23. In 

the parts (a) and (b) of FIG.· 24, the origin O corresponds· 
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to the center axis of the heating element 24'0. In the graph 
. ' 

of the part ·ca) of FIG. 24, the values in th~ radial 

directions designate the emission intensity of the 

infrared rays, and.the values in the circumferential 

directions designate angles with respect to the center 

axis on the plane perpendicular to the axial direction· of 

the heating element 240. These angles are designated.by. 

angles from the positive direction of the x axis. 

When a constant voltage was applied to the 

·heating element 240, the amount of the infrared rays 

reaching a minute area at ~ constant distance from the 

center axis (represented by the origin o of FIG. 24) of 

the heating element 240 was measured, whereby the 

intensity distribution curve 270 was obtained. 

As indicated by the intensity distribution curve 

270 in the part {a) of FIG. 24, the infrared ray' lamp 240 

emits infrared rays in all directions at substantially 

similar intensity. This results from the fact that the 

cross-~ectional shape of the heating element 240 .is 

substantially symmetrical with respect to its axis and has 

a circular shape as shown in the p~rt (b) of FIG. 24. 

By the equally distributed infrared rays emitted 

in all direction~ at substantially similar in~ensity as 

described above, heat .is transmitted from the heating 

element 240 to the outside and used to heat the outside 

and the surroundings. 
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In the conventional infrared ray lamp structured 

as described above, in the case when it is desired to give 

·directivity to the emission intensity of the infrared rays, 

a structure is known wherein an infrared. ray reflection 

plate is in.stalled outside the· infrared ray lamp for 

.example. 

FIG. 25 is a perspective vi.ew showing an example 

wherein an ~nfrared ray reflection plate 280 is provided 

for the conventional infrared ray l~mp and showing·the· 

positional relationship betw~en the infrared ray lamp and 

the infrared ray reflection plate 280. The. infrared ray 

reflection plate 280 has a semi~cylindrical shape and is 

di~posed coaxially with the heating element 240 so as to 

·surround the half of the heating element ~40. 

Part (a) of FIG. 26 is a graph of the distribution 

curve 271 of the intensity of the infrared rays emitted 

from the infrared ray· lamp having the.· infrared ray 

reflection plate 280. Part (b) of FIG. 26 is a cross­

sectiona1· view showing the portion having the heating 

element 2 40 of the infrared ray larQp having the infrared 

ray reflection plate 280 shown in FIG. 25. The x and y 

axes shown in the parts (a) aiid (b} of FIG·. 26 are orthogonal 

coordinate axes on· a plane perpendicular to the axial 

direction of the heating element 240 shown in FIG. 25. The 

direction opposed to the reflection face of the infrared 

ray reflection.plate 280 is defined as the negative 
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direction of the x axis. In the parts (a) and (b) of FIG. 

26, the origin O corresponds to the center axis of the 

heating element 240. ·In the graph of the part (a) of FIG. 

26, the values in the radial directiqns represented the. 

emission intensity of the infrared rays, and the values 

in the circumferential direc_tions represented angles with 

respect to the center axis on the plane perpendicular to 

·the axial direction· of the heating element 240. These 

angles-are designated by_ angles from the posit:i.ve 

direction of the x axis. · In the part (a.) of FIG. 26. the 

concentric gradations indicating the emission intensity 

have the same values· of the gradations shown in the part 

(a) of the above-mentioned FIG. 24. In addit:i.on. the 

method of meas.uring the em.ission; intensity is the same as 

that in the case shown in the part (a) of FIG. 24. 

As shown in the part (a) of FIG. 26. by providing 
. . 

the infrared ray re.flection plate 280 I infrared rays are 

emitted intensely only on one side. of the infrared ray lamp, 

with the positive direction of the x axis used as the 

center. 

As described above. :i.n the conventional :infrared 

ray lamp. it is ind'icated that the emission of the infrared 

rays ha~ isotropic intensity distri~uiion in all 

directions. For this reason. in order to give directivity 

to infrared ray emission. it is necessary to provide the 

infrared ray reflection plate outside the infrared ray 
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lamp. 

However, the infrared ray reflectivity of the 

infrared ray reflection plate is apt to be lowered because 

of aging and the adhesion of stains. As a result, the 

intensi t.Y distribution of the infrared ray emission 

becomes di~ferent with the direction of the emission. 

Furth.ermore, as the infrared ray reflectivity lowers, the 

amount of the infrared rays absorbed by the reflection 

plate its elf increases. If this kind of heating apparatus 

is used for a long time, emis$ion efficiency lowe~s, and 

unexpected parts will be overheated. 

Furthermore, the emission ~ntensity 

distribution obtained by providing the semi-cylindrical 

infrared ray reflection plate for the infrared ray lamp 

having the above-mentioried isotropic emission intensity 

distr~butions in all directions is substantially the same· 

in a wide range on one side in general. as shown in the part 

(a) of FIG. 26. For this reason, in the conventional 

infrared ray lamp, an attempt to increase the emission 

intensity in • mor~ limited range and to decrease the 

intensity in other ranges in order to enhanc.e directivity 

is difficult. As a result, in the case when the 

conventional heating apparatus· is used for localized 

heating, the problem of low heating efficiency occurs. 

DISCLOSURE OF INVENTION 



- 13 -

The present inve~tion is intended to solve the 

above-mentioned problems and also intended to provide a 

-highly reliable infrared ray lamp wherein its power 

consumption does not increase during use for a long time 

and its heating portions are ·prevented from fusing and 

breaking after use for a long time. The present invention 

is further intended to make the effect of the reduction 

of the reflectivity of an infiared ray reflection plate 

on the directional distribution of the emission intensity 

-of infrared rays lower than that of the conventional 

infrared ray lamp, and to make the directivity of the 

emission intensity of infrared rays higher than that of 

the conventional infrared ray lamp. The present 

invention provides an infrared ray lamp and a heating 

apparatus wherein the emission i"ntensity of infrared rays 
. . 

has directivity without using any reflection plate. and 

also provide~ a method_ of producing the, infrared ray lamp. 

·An infrared ray lamp in accordance with the 

present invention comprises: 

at lee1:st one heating element having a 

·substantially plate shape. having recessed portions in the 

viciniti~s of both ends thereof and formed of a 

carbon-based substance, 

heat-emitting blocks having good conductivity 

to which both end portions of the heat"ing element are 

inserted and bonded. 
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a sintered substance of an adhesive formed and 

sintered on the insertion and bonding faces of the heating 

element bonded to the heat-emitting blocks at the reg~ons· 

in the vicinities of both end portions of the heating 

element including the recessed portions thereof, 

a glass tube in which, the heating element. the 

sintered substa_nce of the adhesive and the heat-emitting 

blocks are hermetically· sealed together with an inert gas, 

and 

lead wires electrically connected to the 

heat-emitting blocks. t~e end portions of which are led 

out of the glass tube. 

With thi.s. structure. in the infrared ray lamp. 

the recessed portions are provided in the vicinities of 

both ends of th·e carbon-based substance used as the heating. 

element~ and the areas of the contact with the heat-· 

emitting.blocks via the carbon-based adhesive are' 

increased. whereby the resistance of the_ contact can be 

reduced. heating due to the resistance of the contact can 

be restricted, and the temperatures of the lead wire 

installation portions at both end portions can be 

prevented from becomin~ locally high. As a result, 

according to the present invention, it is possible to 

prevent the lead wire installation portions from fusing 

and breaking owing to the temperature rise at the porti.ons. 

In addi ti.on, since the recessed portions in the vicinities 
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of both ends of the heating element are filled with the 

carbon-based adhesive, the fitting or bonding between the 

heating element and the heat-emitting blocks becomes 

closer, and the strength of the bonding is enhanced. As 

a result, in the infrared ray lamp of the present inventi.on, 

stress due to heat·can be absorbed, and abnormal heating 

can be prevented. 

An infrared ray lamp from another vie.wpoi.nt in 

accordance with the present invention comprises: 

at least one heating element having a 

substantially plate shape, having recessed portions in the 

vicinities of both ends thereof and formed of a 

carbon-based substance, 

heat-emitting blocks having good conductivity 

and each split into two p_ieces, between which both end 

·portions of the heating element are sandwiched, 

a sintered substance of an adhesive formed and 

sintered on the insertion and bonding faces of the heating 

element bonded to the heat-emitting blocks at the regions 

in the vicinities of both end portions of the heating 

element including the recessed portions thereof, 

a glass tube in which the heating element, the 

sintered substance of the adhesive and the heat-emitting 

blocks are hermetically sealed together with an ·inert gas, 

and 

le4d wires electrically connected to the 
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heat-emitting blocks, the end port"ions of which are taken 

outside the glass tube.· 

With this structure, in the infrared ray lamp, 

the heating element is bonded to the heat-emitting blocks 

by pressure contact: then, since accurate disposition at 

predetermined positions for fitting is not required, 

assembly work can be carried out easily, and the cost of 

production can be reduced significantly. 

Method of producing an infrared ray lamp in 

accordance with the present invent~on comprises: 

a step of ·forming recessed-portions in the 

vicinities of both ends of at least one heating-element 

having a substantial.ly plate shape and formed of a 

carbon-based substance, 

a step of applying a liquid adhesive formed of 

a carbon-based organic substance to the regions in the 

vicinities of both ends of the heating element including 

the recessed portions thereof, 

a step of inserting and bonding both end portions 

of the he~ting el.ement to the end por~ions of he.at-emitting 

blocks having good conductivity by using the adhesive, 

a step of drying and firing· the heat-emitting 

blocks and the heating element bonded to each other, and 

a step of sealing the heating element and the 

heat-emitting blocks inside the gl.ass tube together with 

an inert gas, and of taking the end portions of the lead 
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wires electrically connected to the heat-emitting blocks 

outside the glass tube. 

With these steps, the infrared ray lamp has high 

reliability by not raising .its .power consumption 

abnormally during use for a long time and by preventing 

its heating portions from fusing and breaking after use 

for a long time. 

An infrared ray lamp from another viewpoint in 

accordance with the present invention comprises: 

a heating element having a substantially. plate 

shape, the width of which is larger than its thickness by 

five times or more, 

a glass tube in w.hich the heating element is 

hermetically sealed, and 

two electrodes embedded at both end portions of 

the glass tube, electrically connected to both ends of the 

heating element respectively and also electrically 

connected to an external electric circuit. 

With this structure, the em.1.ss.1.on intensity of 

the infrared ray·l.amp becomes a maximum val.ue in the 

thickness direction of the heating element and becomes 

negligibly small· in ·compariso.n with the maximum value in 

the width direction. 

A· heating appara.tus in accordance w.1 th the 

present invention ·comprises: 

·a hea·ting element having a substantially plate 
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shape, the width of which is larger than its thickness by 

five times or more, 

a glass tube in which the heating element is 

hermetically sealed, and 

two electrodes embedded at both end portions of 

the glass tube, electrically connected to both ends of the 

heating element respectively and also electrically 

connected tQ an external electric circuit. 

With this structure, the emission intensity of 

the infrared ray lamp iri the heating apparatus ·becomes a 

maximum value in the thickness direction of the heating 

element-and becomes negligibly small in comparison with 

the maximum value in the width direction, thereby having 

directivity. 

A. method of producing an infrared ra·y lamp from 

another viewpoint of the present ~nvention compromises: 

a step of forming a glass tube by forming glass 

into a substantial.ly cylindrical s_hape, 

a step of hermetical.l.y sealing a substantially 

plate heating element, the width of which is larger than 

its thickness by five times or more, in the glass tube so 

tha~ the center line of the heating element in the 

longitudinal direction thereof is substantially coaxial 

with the center axis of the glass tube, and 

a step of forming a reflection film for 

reflecting infrared rays into a substantially semi-
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cylindrical shape on the external face of the cylindrical 

shape of the glass ·tube so as to substantially include the 

range of the disposition of the heating elemen~ in the 

axial direction thereof. 

With this s·tructure, the· semi-cylindrical 

reflection film can be .formed easily by using the 

cylindrical shape of the glass tube. 

A method of producing an infrared ray lamp. ;from 

still another viewpoint of the present invention 

·compromises: 

a step of f·orming a glass tube by forming glass 

into a substantially cylindrical shape, 

a step ~f forming a reflection film for 

reflecting infrared rays into a pred~termined 

substantially semi-cylindrical shape on the external face 
" 

or the internal face of the cylindrical shape of the glass 

tube, and 

a step of disposing a substantially plate 

heating element, the width of which is larger than its 

thickness by five times or more, so as to be included in 

the axial range wherein the reflection film is disposed, 

and of hermetically sealing the heating element .inside the 

glass tube. 

With thi~ structure, the s~mi-cylindribal. 

reflection film can be formed easily even on the internal 

face of the glass tube by using the cylindrical shape of 
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the glass tube. 

While the novel features of the invention are . 

set forth particularly in the appended claims, the 

invention, both as to organization and content, will be 

better understood and appreciated, along with other 

objects and features thereof, from the following detailed 

description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a front view showing the structure of 

the lead wire taking-out portion of an infrared ray lamp 

in accordance with a first embodiment of the present 

invention; 

FIG .. 2 is a partially magnified view showing the 

connection portion of the heating element and the 

heat-emitting block of the infrared ray lamp shown in FIG. 

l; 

FIG. 3 is a partially magnified vi~w showing the 

connection portion of the ~eating element and the 

heat-emitting block of an infrared ray lamp having another 

structure in accordance with the first embodiment of the 

present invention: 
\ 

FIG. 4 is a partially magnified view showing the 

connection portion of the heating element and the 

heat-emitting block of an infrared·ray lamp having still 

another structure in accordance with the first embodiment 
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of the present invention; 

FIG. 5 is a front view showing the structure of 

the lead wire taking-out portion of an infrared ray lamp 

in accordance with a second embodiment of the present 

invention; 

FIG. 6 is a partially magnified view showing the 

conneqtion portion of the heating element and the 

heat-emitting block of the infrared ray lamp shown in FIG. 

5; 

FIG. 7 is a partially magnified view showing the. 

connection portion of the heating element and the 

heat-emitting block of an infrared ray lamp having another 

structure in accordance with the second embodiment; 

FIG. 8 is a partially magnified view showing the 

connection portion of the heating element and t~e 

heat-emitting block of an infrared ray lamp having still 

another structure in accordance with the second 

embodiment; 

part (a) of FIG. 9 is a plan view showing an 

infrared ray lamp in accordance with a third embodiment 

of the present invention, and part { b) ·of FIG. 9 is a front 

view thereof; 

FIG. 10 is a perspective view showing the 

infrared ray lamp in accordance with the 1;:hird embodiment 

.of the present invention; 

part {a) of FIG. 11. is a graph ~bowing the 
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distribution curve of the intensity of the infrared rays . 

emitted from the heating ·element of the third embodiment, 

and part (b) of FIG. 11 shows the c·ro-ss. section of the 

central portion of the infrared ray lamp of the third 

embodiment; 

part (a) of FIG. 12 is a plan ~iew showing an 

infrared ray lamp in accordance with a fourth _embodim.ent 

of the present invention, and part (b) of FIG. 12 is a front 

view thereof; 

FIG. 13 is a perspective view showing the 

infrared ray iamp in accordance with the fourth embodiment 

of the pres~nt invention; 

part (a) of FIG. 14 is a graph showing the 

distribution curve of the intensity of the infrared rays 

em~ tted from·the infrared ray_ lamp of the fourth emb~diment, 

an~ part (b) of FIG. 14 shows the cross section of the 

central portion of the infrared ray lamp of the fourth 

embodiment; 

~art (a) of FIG. 15 is a p1an view showing an 

infrared ray 1amp in accordance with a fifth embodiment 

o.f the present invention, and part (b) of FIG. 12 is a front 

view thereof; 

FIG. 16 is a perspective view showing the 

inf rared ray lamp in accordance with the fifth embodiment 

of the present invention; 

part (a) of FIG. 17 is a graph showing the 
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distribution curve of the intensity of the infrared rays 

emitted from the infrared ray lamp of the fifth embodiment,. 

and part (b) of FIG. 17 shows the cross section of the 

' 
central portion of the infrared·ray lamp of the fifth 

embodiment; 

FIG. 18 is a perspective view showing the 

positional relationship between. the infrared ray lamp and 

the infi;ared ray ,reflect.ion plate of a heating apparatus 

in accordanbe with a sixth embodiment of the present 

invention; 

FIG. 19 is a perspective view showing the 

positional relationship between the int.rared ray lamp and 

the inf;rared ray reflection plate of a heating apparatus 

in accordance with a seventh embodiment of the present 

invention; 

FIG. 20 is a ·partial .view showing the structure 

of the lead wire taking-out portion of a conventional 

infrared ray lamp; 

FIG. 21 is a partial. view showing the structure 

of the lead wire taking-out portion of a conventional 

infrared ray lamp wherein two heating elements are sealed 

in a glass tube; 

·FIG. 22 is a plan view showing a conventional 

infrared ray lamp; 

FIG. 23 is a perspective view ·showing the 

conventional infrared ray lamp; 
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·part (a) of FIG. 24 is a graph showing the 

distribution curve of th~ intensity of the infrared rays 

emitted from the heating element of the conventional 

infrared ray l.amp, and part (b) of FIG. 24 shows the cross 

section of the central portion of the infrared ray lamp 

shown in FI~. 23; 

.FIG. 25 is a perspective view showing the 
. , 

positional relationship between the infrared ray 

reflection plate and the infrared ray lamp in the 

conventional infrared ray lamp; and 

p~rt {a) of FIG •. 26 is a graph showing the 

distribution curve of the intensity of the infrared rays 

emitted from the conventional infrared .ray lamp provided 

with an infrared ray reflection plate shown in FIG. 25, 

and part ·{b) of FIG. 26 shows the cross section of the 

central portion· of the infrared ray lamp shown in FIG. 25. 

It will be recognized that some or all of the 
. ' . 

Figures are schematic representations for purposes of 

illustration and do not necessarily depict the actual 

relative sizes or locations of the.elements shown. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Pref erred embod~ments of an infrared ray lamp 

and an infrared heating apparatus in accordance with the 

present invention will be described below referring to the 

accompanying drawings. 
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«First embodiment» 

FIG. 1 is a front view showing the structure of 

an infrared ray l~mp in accordance wit~ a first embodiment 

of the present invention, ·and shows the structure of .. the 

1ead wire taking-out portions of the infrared ray lamp .. 

FIG. 1 shows both end portions of the infrared ray lamp 

of the first embodiment. Since its central portion has a 

continuous structure connecting both end ·portions, the 

central portion is not shown. 

As shown in FIG. 1, in the infrared ray lamp of 

the first embodiment, a ·heating element 2, heat-emitting 

blocks 3 and internal lead wires 4 are sealed in a glass 

tube 1. The internal lead wire 4 is connected to an 

external. lead wire 8 via a molybdenum foil sheet 7. The 

plate heating elemen:t 2 sealed in the glass tube 1 is formed 

of a carbon-based substance consisting of a mixture of 

crystallized carbon such as graphite, a resistance value 

adjustment substance and amorphous carbon. This heating 

e.lement 2 lias a plate shape measuring 6 mm in width, O. 5 

mm in thickness and 300 mm in length for example. The 

heat-emitting block 3 is formed of a conductive material 

and electrically connected to one end of the heating 

el.ement 2 by a met~od described later. A coil portion 5 

is formed at one end of the internal lead wire 4, and a 

spring portion 6 having elasticity is formed following the 

coil portion _5. · 
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As shown irt FIG.· 1. the coil portion 5 of the 

internal lead wire 4 is.wound tightly on the OQter 

peripheral face of the heat-emitting block 3 so as to be 

electrically connected thereto. The spring portion 6 of 

the internal l~ad wire 4 is disposed away from the outer 

peripheral face of the heat-emitting block 3 by· a 

predetermined distance and is structured to expan.d and 

c~ntract so that the dimensional change of the heating 

element 2 due to its expansion can be canceled and 

absor.bed. 

At the sealing portion le of the infrare~ ray 

lamp of the first embodiment. the internal lead wire 4 

inside the glass tube 1 is connected to one end of the 

molybdenum foil sheet 7. ·and the other.end of the 

molybdenum foil sheet 7 is connected to the external lead 

wire 8. 

FIG. 2 is a partially magnified perspective view 

showing the fitting condition of the heating element 2 and 

the heat-emitting block 3 in accordance with the first 
/ 

embodiment shown in FIG. 1. As shown in FIG. 2, a slit 

3a is formed at the center of one end portion of the 

heat-emitting block 3. On the other hand, in the vicinity 

of the end portion of the heating element 2, a groove 2a 

extending in a direction perpendicular to the insertion 

direction of the heating element 2 (in the direction 

in·dicated by the arrow in FIG. 2) is formed. Furthermore, 
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in the vicinity'of the groove 2a of the heating element 

2, an adhesive 9 is applied. The heating element 2 formed 

in this way is structured so that it is inserted into the 

slit 3a of the heat-emitting block 3 and secured to each 

other. 

· The adhesive 9 applied to the heating element 

2 is formed of a carbon-based substance that is converted 

into a mixture of crystallized carbon such as graphite and 

amorphous carbon when heated to a high temperature. In 

the first embodiment, th·e heat-emi ttirig block 3 is formed 

of graphite having good conductivity. Furthermore, in 
' . 

the first ~mbod:i..ment, the internal lead wire 4 is formed 

of a tungsten wire having a thermal expansion coefficient 

approximately equal .to that of carbon. However, other 

metal wires, such as molybdenum wire and titanium w:i..re, 

may be used as the internal lead wire 4, if no problem occurs 

in heat r~sistance in working environments. . The external 

lead wire 8 is formed of a molybdenum w;re. 

In the infrared ray lamp of the first embodiment, 

the heat-emitting block 3 is close-fitted via the adhes:i..ve. 

9 in the vicinity of the end port;ion of the plate heating 

element 2 as described above. In addition, the coil 

portion 5 of the internal lead wire 4 is wound tightly on 

the heat-emitting block 3 and secured thereto. In this 

way, the heating element 2 is electrically connected to 

the internal lead wire 4 via the adhesive 9 and the 
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heat-emitting block 3. In the internal lead wire 4, the 

end portion of the spring portion 6, the winding diameter 
. . . 

of which is larger than that of .the coil portion 5, is 

electrically connected to the molybdenum foil sheet 7 

which is embedded in the sealing portion le of the glass 

tube 1. The other end of the molybdenum foil sheet 7 is 

also connected to the external lead wire 8 inside the 

sealing portion le . 

. In the i~frared ray lamp of the first embodiment, 

the. heating el.ement 2, the heat-emitting blocks 3 and the 
. . 

internal lead wires 4 connected in series are inserted into 

the space inside the heat-resistant glass tube_ l, an inert 

gas, such as argon or nitrogen., is filled inside the glass 

tube l ,_ and the end portions (the sealing portions) of the 

glass tube 1 are melted and fused so as to be sealed. A 

part ·of the internal l.ead wire 4, the molybdenum foil sheet 

7 and a part of the external lead wire 8 are sealed iri the 

sealing p_ortion le of· the glass tube 1. The infrared ray 

lamp of the first-embodiment is formed as described above. 

·In the infrared ray lamp of the first embodiment 

structured as deSCfibed above, when the_ infrared :i::ay lamp 

is turned on by applying a voltage across the external lead· 

wires 8 disposed at both ends, the heating element 2 formed 

of the carbon-based substance is heated to a high 

temperature b_ecause of its resistance. Even when the 

heating element ·2 is expanded in its longitudinal. 
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direction by this heating, since the spring portion 6 of 

the internal lead wire 4.is provided between the heating 

ele~ent 2 and the molybdenum foil sheet 7, the effect of 

the dimensional change due to the expansion of the heating 

. element 2 is cancelled by the contraction of the spring 

portion 6. ·As a result, it is possible to prevent any 

unnecessary bending force from applying to the heating 

element 2. Since no unnecessary bending force applies to 

the heating element 2 that becomes brittle at high 

temperatures·, the heating element 2 does not break even 

at high temperatures. 

In the infrared ray lamp of the first embodiment, 

the heat-emitting ·block 3 formed of a material having good. 

electric conductivity is connected to the vicinity of the 

end portion of the heating element 2 by using the · 

carbon-based adhesive having good electric conduct.1.vity. 

For this reason, in the infrared ray lamp of the first 

embodiment, the contact resistance therebetween can be 

made small, and the temperature at the connection portion 

can be lowered. 

Next, the fitting condi~ion of the heating 

element 2 and the heat-emitting block 3 in the infrared 

ray lamp of the first embodiment will be described in more 

detail. · 

As shown in FIG. 2, at manufacturing of an 

infrared ray lamp, the adhesive 9 mainly consisting of a 
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liquid carbon-based organic substance is sufficiently 

applied to the end portion of the heat element 2 including 

the groove 2a formed in the vicinity of the end portion 

of the heating element 2. And then, the heating element 

2 applied with the adhesive 9 _is inserted. into. the slit 

3a of the heat-emitting block 3 to make close contact 

therewith. After the heating element 2 is made'close 

contact with and fitted into the heat-emitting block 3, 

drying and heating (firing) are carried out, whereby a 

sintered substance mainly consisting of the carbon-bC3:sed 

.substance of the adhesive 9 and having a high conductivity 

is formed. 1 As a result, the heating element 2 ·and the 

heat-emitting block 3 are connected via the sinter~d 

substance of the adhesive 9 having high conductivity. 

In the first embodiment, by forming the groove 

2a in the heating elemerit 2, the area of the contact between 

the heating element 2 and the heat-emitting block 3 

increases, and the resistance of the contact can be 

reduced. 

Furthermore, since the adhesive 9 consisting of 

the carbon-based organic substance is very likely to be 

stuck to the heat-emitting block 3 formed of graphite, the 

adhesive 9 enters the groove 2a, and the bonding between 

the h~ating. element 2 and the heat-emitting block 3 is 

carried out at their projected and recessed faces, whereby 

the strength of. the bonding is enhanced s.tgnificantly. In 
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the first embodiment, the elucidation has been made on such 

example of structure that the number of the grooves 2a 

formed in the vicinity of the end portion of the heating 

element 2 is one,' but similar effect can also be obtained 

even if plural gr~oves ·are formed on one face or on both 

faces; and a higher effect is obtained as the larger the' 

number of the grooves is. 

In the first embodiment, even when the clearance 

between the heating element 2 and the heat-emitting block 

3 is of a range.of Oto lOOµm, no difference occurs in 

the resistance of the contact and the strength of the 

bonding. 

Next, by using the method of the connection 

between the heating element and the heat-emitting block 

of the infrared ray lamp of the.above-mentioned first 

embodiment, the connection between the heating element and 

the heat-emitting block of the infrared ray lamp having 

another structure will be described. 

In an infrared·ray lamp having two rod-like 

heating elements 2~a and 2lb, FIG. 3 is a partiall~ 

magnified perspective view showing a method.of connecting 

the heating elements 2la and 2lb to a heat-emitting block 

31 .. FIG. 4 is a partially magnified perspective view 

showing another method of connecting the heating elements 

22a and 22b to a heat-emitting block 32, in an infrared 

ray lamp having two of the rod-like heating elements 22a 
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and 22b. 

In the infrared ray lamps shown in FIGS. 3 and 

4, structures other ~han those shown in the figures are 

similar to those of the first embodiment shown in the 

above-mentioned FIG. 1. 

As shown in FIG. 3, the end portions of the 
. . 

heating elements 21a and 21b of this infrared ray lamp are 

inserted into two holes 31a and 3lb formed in the 

heat-emitting block 31 respectively and connected thereto. 

The· plural' grooves 2lc formed in the heating elements 21a 

and 2lb extend in a direction perpendicular to the 
. 

insertion direction {the direction indicated by the arrow 

in FIG. 3) of the heating element~ 21a and 21b. 

The heating elements 2la and 2lb and the 

heat-emitting block 31 of the infrared ray lamp shown in 

FIG. 3 are formed of similar materials as those of the 

above-mentioned first embodiment, and the adhesive 9 of 

the second embodiment is formed of a carbon-based 

substance to become a mixture of crystallized carbon such 

as graphite and amorphous carbon when heated to a hi.gh 

temperature, just as in the case of the first embodiment. 

Iri the vicinities of the end portions of the 

above-mentioned cylindrical heating elements 21a and 2lb, 

the plural grooves 2 lc (three grooves in the example shown 

in FIG. 3) are formed. For this reason, projected and 

recessed faces· are formed in the vicinities of the end 
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portions of the heating elements 2la and 2lb, and the 

adhesive 9 is sufficiently applied to the end portions 

including the projected and recessed faces. And, the 

heat.ing elements 21a and 2lb applied with the adhesive 9 

are ~nserted into the holes 3la and 31a of the heat­

emitting block 31 respectively and made close contact 

therewith. After the heating elements 21a and 2lb are made 

close contact with and fitted into the heat.:.emitting block . . 
31, drying and heating {firing) ·s~eps are carried out, 

whereby a sintered substance consisting of the carbon-

based substance of the adhesive 9 is formed. As a result, 

the heat~ng elements 21a and 2lb are connected to the 

heat-emitting block 31 via the sintered substance of the 

adhesive 9 having high conductivity. 

In the ·example shown in FIG. 3, since the 

projected and· recessed faces are formed in the vicinities 

of the end portions of the cylindrical heating elements 

2la and 2lb,,the area of the contact between the heat~ng 

elements 2la and 2lb and the heat-emitting block 31 is 

increased. Furthermore, the grooves 2lc are formed in the 

· vicinities of the heating elements 21a and 2lb in a 

direction perpendicular to the insertion direction, and 

the sintered substance of the adhesive 9 is formed in-··the 

grooves 21c. For this reason, the resistance of the 

contac·t between the heating elements 2la and 2lb and the 

heat-emitting block 31 of the infrared ray lamp shown in 
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FIG. 3 can be reduced, and the strength of the bonding can 

be enhanced significantly. 

In the infrared ray lamp shown in FIG. 4, the 

plural (three in the example shown in FIG. 4} grooves 22c 

are formed on the external faces in the vicinities of the 

. end portions of the two heating elements 22a and 22b. The 

plural grooves 22c formed in the heating elements 22a and 

22b are provided in a direct.ion perpendicular to the 

insertion direction {the directio.n indicated by the arrow 

in FIG. 4) of ea6h of the heating element~ ~2a and 22b. 

thereby forming projected and recessed faces.· In· 

addition, the adhesive 9 is sufficiently applied to the 

.end portions of the heating element 22a an,d 22b including 

the projected and recessed faces in the vicinities. 

thereof. 

On the other hand, two holes 32a and· 32a are 

formed in the heat-emitting block 32, and grooves 32b are 

formed in each of the internal faces of these holes 32a 

and 32a. These grooves 32b extend in a direction 

perpendicular to the insertion direction {the direction 

indicated by the arrow in FIG. 4) of each of ·the heating 

elements 22a and 22b. 

The adhesive 9 is applied to the heating elements 

.22a and 22b structured as described above, and the heating 

element~ 22a and 22b are.inserted into the holes 32a arid 

32a of the heat-emitting block 32 respectively and made 
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close contact therewith. After the heating. elements 22a 

and 22b are made close c·ontact with an·d fitted into the 

heat-emitting block 32, drying and heating (firing) steps 

are carried out, whereby a sintered substance consisti.ng 

of the carbon-based substance of the adhesive 9 is formed. 

As a result, the heating elements 22a and 22b are connected 

to the heat-emitting block 32 via the sintered substance 

of .the adhesive 9 of high conductivity. 

In the infrared ray lamp s~own in FIG. 4, the 

proj·ected and recessed faces are formed in the vicinities 

of the end portions of the cylindrical heating elements 

22a and 22b, and the grooves 32b are formed in the internal 

faces of the holes 32a and 32b. As a result, the area of 

the contact between the heating elements 22a and 22b and 

the heat-emitting block 32 is increased. Furthermore, 

the grooves 32b are formed in the vicinities of the end 

portions.of the-heating eleme~ts 22a and 22b and in the 

internal faces of the holes. 32a and 32a in a direction 

perpendicular to the iriserti.on direction. The sintered 

substance of the adhesive 9 is formed in these grooves 32b. 

For this reason, in the infrared ray lamp shown in FIG. 

4, ~he resistance of t~e contact between the heating 

elements 22a and 22b and the heat-emitting block 32 can 

be reduced, and the strength of the bonding there between 

is enhanced significantly. 

In the infrared ray lamp shown in FIG. 4, both 
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end portions of the plural heating elements 22a and 22b 

are-bonded to the holes in the ·heat-emitting block 32 by 

using the carbon-based adhesive 9. In the stage when the 

plural heating element·s 22a and 22b are inserted into the 

heat-emitting block 32, the carbon-based adhesive 9 is 

still soft; therefore, even when balance of the tension 

or compression force between the heating elements is 

distorted, the distortion is relieved until a heat 

treatment for curing the a.dhesive 9 is conducted. Then, 

after balance of the tension or compression force between · 

the plural heating elements is mad~ nearly uniform, the 

adhesive 9 is cured and carbonized. As a result, even when 

the heating elements 22a and 22b are heated to a high 

temperatQ.re, the. distortion of the tension or compression 

force balance between the heating ~lements does not 

increase to such extent that the heating elements 22a and 

22b are broken. By producing the i~frared ray lamp as 

described above~ it is possible to easily creat~ a 

long-life infrared ray lamp havi.ng plural heating elements 

22a and 22b.sealed in one glass tube. 

In the.i.nfrared ray J.amps shown in FIGS. 3 and 

4. s_imilar effects can. be obtained regardless of whether 

the hoJ.es 31a and 32a formed in t~e heat-emitting blocks. 

31 and 32 are through holes or stop holes {holes with 

bottom). 

«second embodiment» . 
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Next, an infrared ray lamp in accordance with 

a second embodiment of the present invention will be 

described referring to the accompanying drawings. FIG. 

5 is a plan view showing the inf rared ray lamp of the second 

embodiment in accordance with the present invention. FIG. 

5 shows both end portions of the infrared ray lamp of the 

second embodiment. Since it~ central portion has a 

continuous structure connecting both end portions, the 

central portion is not shown in FIG. 5. FIG. 6 is a 

partially ma$nified perspective view showing the 

connection condition between a heating element and 

· heat-em.~tting blocks in accordance with the second 

embodiment showri in FIG. 5. FIGS. 7 and 8 show other 

structures of ·the infrared ray lamp of the second 

embodiment, and are partial.1.y magnified perspective views 

showing the methods of the connection between the heating 

elem~nt and the heat-emitting blocks . 

. The infrared ray lamp of the second embodiment 

in.accordance with th~ present invention has a plate 

heating element 23 and two-split heat-emitting blocks 33a 

and 33b. Since the other structures of the second 

embodiment are similar to those· of the above-mentioned 

first embodiment, their explanations are omitted. 

In the infrared ray lamp of the second embodiment, 

the heating element 23, the heat-emitting· blocks 33a and 

33b and the internal lead wires 4 are sealed in the glass 
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tube 1 as.shown in FIGS. 5 and 6, just as in the case of 

the above-mentioned first embodiment. The internal lead 

wire 4 is connected to the .external lead wire 8 via the 

molybdenum foil sheet 7. The plate heating element 23. 

sealed in the glass tube 1 is formed of a carbon-based 

substance consi·sting Of a mixture of crystallized carbon 

such as graphite. a resistance value adju~tment substance 

and amorphous carbon. This heating element 23 has a plate 

shape measuring 6 mm in width, O. 5 mm in thickness and 300 

mm in length for example. The heat-emitting blocks 33a 

and 33b are formed of a conductive material and 

electrically connected to one end of the heating element· 

23 by a method described later. A coil portion 5 is formed 

at one en·d of the internal lead wire 4. and a spring portion 

6 having.elasticity is formed following the coil portion 

5. 

As shown in FIG. 6, in the infrared ray lamp of 

the fourth embodimen·t, grooves 23a and 23b are formed in 

th~ top and.bottom faces of the end portion of the plate 

heating element.23 respectively. The grooves 23a and 23b 

extend in a direction perpendic,ular to the longitudinal 

direction of the heating element 23. The adhesive 9 is 

sufficiently applied to the vicinity of the end portion 

of the heating element 23 including these grooves 23a and 

23b. In the end portion of this heating element 23, a 

pair of heat-emitting blocks ·33a and 3·3b are bonded via 
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the adhesive 9 having nigh conductivity so as to attain 

electrical connectiori. The adhesive 9 is formed of a 

carbon-based substance that is converted into a mixture 

of crystallized carbon such as graphite and amorphous 

carbon when heated to a high temperature. The heat­

emitting blocks 33a and 33b are two blocks having similar 

shape, i.e., a nearl_y semicircular shape in cross section, 

and formed of graphite having good conductivity. 

In the second embodiment. the internal lead wire 

4 is formed of a tungsten wire having a thermal expansion 

.-~oefficient close to that of carbon. However, other metal 

wires. such as molybdenum and titanium wires, may be used 

as the internal lead wire 4. if no problem occurs in heat 

resistance in working environments. The external lead 

wire 8 is formed of a molybdenum wire .. 

As described above, in the infrare-d ray lamp of 

the second embodiment, the heat-emitting blocks.33a and 

33b sandwich the vicinity of the end portion of the plate 

heating element 23 via the adhesive 9 so as to attain 
. . 

bonding. Furthermore, the coil portion 5 of the internal 

lead wire 4 is wound tightly around ·the heat-emitting 

blocks 33a and 33b and secured thereto. In this way. the 

heating element 23 is electrically connected to the 

internal lead wires 4 via the adhesive 9 and the heat­

emitting blocks 33a and 33b. In the internal lead wire 

4, the end portion of the ~~ring portion 6i the winding 
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diameter of which is larger than that of the· coil portion 

5, .is electrically connected to- the molybdenum foii sheet 

7 embedded in .the sealing portion of the glass tube 1. The 

other end of this molybdenum foil sheet 7 is also connected 

to the external lead wire 8 ins~de the sealing portion. 

In the infrared ray lamp of the seco.nd embodiment, 

the heating ele~ent 23, the heat-emitting blocks 3·3a and 

33b and the internal lead wire 4 connected i·n series are 

inserted into the space inside the heat-resistant glass 

·tube. After filling an inert gas, such as argon or 

·nitrogen in the space inside the glass tube l, the-end 

portions· (the sealing portions} of the glass tube 1 are 

melted and fused so as to be sealed. A part of the internal 

lead wire 4, the molybdenum foil sheet 7 and a part of the 

external lead wi.re 8 are sealed in the sealing portion of 

the glass tube 1. The infrared ray lamp of. the second 

embodiment is formed as described above. 

In the infrared ray lamp of the second embodiment 

structured·as·descri.bed above, when the infrared ray I.amp 

is turned on by applying a voltage across the external lead 

wires 8 (FIG. 5) disposed at both ends, the heating element 

23 formed Of the carbon•based substance is heated.to a high 

temperature because of its resistance. Even when the 

heating element 23 is expanded in· its longitudinal. 

direction by this heating, ~ince the spring poition 6 ~f. 

the internal lead wire 4 is provided between·the heating 
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element 23 and. the molybdenum foil sheet 7, the dimensional 

change d.ue to the expansion of the heating element 23 is 

absorbed by the contraction of the spring portion 6. As 

a result, it is possible to prevent any unnec;:essary bending 

force from applying to the heating element 23. For this 

reason, no unnecessary bending force is applied to the 

heating element 23 that is brittle at high temperatures, 

and· the heating element 23 does not.break even at high 

temperatures. 

In the inf rared ray lamp of the second embodiment, 

the heat-emitting blocks 33a and 33b formed of a.material 

having good electric conductiv.ity are connected to the 

.vic.in.ity of the e:n.d portion of the heating element 23 via 

the ca+bon-based adhesive having good electric 

conductivity. For this reason, in the infrared ray lamp 

of the second embodiment, the contact resistance can be 

decreased, and the temperature at the connect.ion portion 

can be lowered. 

Next, the bonding cond.ition of the heating 

element 23 and the heat-emitting blocks 33a and 33b .in the 

inf rared ray lamp of the second embodiment will be 

described in more detail. 

As shown in FtG. 6, in the· infrared ray lamp of 

the second embodiment, the grooves 23a and 23b are formed 

·in the top and bottom faces of.the vicinity of the end 

portion of the heating element 23. The adhesive 9 formed. 
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of a liquid carbon-based organic substance is sufficiently 

applied to the end porti~n including the groov~s-23a and 

23b, and the heating element 23 i$ sandwiched between a 

pair of the heat-emitting blocks 33a and 33b arid bonded 

thereto. After_ this bonding, the· heating element 23 a.nd 

the ~eat-emitting blocks 33a and 33b are dried and heated 

(fired), thereby securel_y connected by the sintered 

substance formed of the carbon-based substance of the· 

adhesive 9 and having high conductivity. 

In the second embodiment., by forming the grooves 

23a and 23b in th~ heating element 23, the area of the 

contact between the heating element 23 and the heat­

emitting blocks 33a and 33b-increases, whereby the 

resistance of the contact can be r~duced. 

Furthermore, since the adhesive 9 formed of the 

carbon-b;ased. organic substance is very likely to be stuck 

to the heat-emitting blocks 33a and 33b formed of graphite, 

the adhesive 9 enters the grooves 23a and 23b, and the 

bonding between the heating element 23 and the heat­

emitting _ bloCks 33a and 33b is carried out at ·th~~r 

projected and recessed faces, whereby the strength of the 

bonding-is enhanced significantly. In the second 

embodiment, the structure wherein ·the number of the 

grooves formed in the vicinity of the end portion of the 

heating element 23 is one is explained as an example; 

howe_ver, an effect can also be obtained even if ·plural 



- 43 -

grooves are formed on one face or on both faces, and a higher 

effect is obtained as th.e number of the grooves increases. 

In the second embodiment, the heating element 

23 is bonded to the heat-emitting blocks 33a and ~3b by 

pressure contact. As a result, unlike ·the case of an 

assembly.process such as a fitt1ng process, it is not 

necessary to accurately place the heating element and the 

heat-emitting blocks at predetermined positions; the 

assembly work can thus be carried out easily, and the cost 

of production can be reduced significantly. 

FIG. 7 .is a partially magnified perspective 

views showing another structure of the infrared ray lamp 

of the second embodiment,· and shows an example of the 
. . . 

method of the connection between the plate heating element. 

23 and t~o-sp~it heat-emitting blocks 34a artd 34b. 

As shown in FIG. 7, grooves 23a and 23b are formed 

in the top and bottom faces in.the vicinity of ~he end 

portion of th·e heating element 23·. Th~ grooves 23a and 

23b extend in· a direction perpe~dicular to the 

longitudinal direction of the hea~ing element 23. The 

adhesive 9 formed of a liquid carbon-based organic 

substance is_ sufficiently applied to the end portion 

including these grooves 23a and 23b. 

On the other hand, a hollowed step portion 34d 

is formed on each of the heat-emitting }?locks 34a and 34b 

at a position for sandwiching the. heating element 23. In 
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addition, a projected portion 34c is formed on this step 

portion 34d. This projected portion 34c is formed at a 

position wherein it fits in each of the grooves 23a and 

23b formed in the above-mentioned heating element 23. 

The heating element 23 structured as described 

above is placed between the two heat-emitting blocks 34a 

and 34b and bonded thereto. At this time, the projected 

portions 34c of the heat-emitting blocks 34a and 34b fit 

in the grooves 23a and 23b in the heating element 23. After 

this fitting, the heating element 23 and the heat-emitting 

block 34a and 34b are· dried and heated (fired), thereby 

securely connected by the sintered substance formed of the 

carbon-based substance of· the adhesive 9 and having high 

·c,onductivity. 

Since the second embodiment shown in FIG. 7 is 

structureQ so that the projected portions 34c·o~ the 

heat-emitting blocks 34a and 34b fit in the grooves 23a 

and 23b in the heating ei.ement 23, the area of the contact 

between th~ heating'element 23 and the heat-emi.tting 

blocks 34a and 34b increases, whereby the resistance of 

the contac~ can be reduced. 

In addition, since the· projected portions 34c 

fit in ·the grooves 23a and 23b, the bonding condition 

bet~ee~ the heating element 23 and the heat-emitting 

blocks 34a .and 34b via the adhesive 9 becomes strong, 

whereby the strength of t~e bonding is enhanced. 
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The structure wherein the grooves are formed in 

the heating element 23 and the projected portions are 

fo~med on the heat:..emitting blocks 34a and 34b :i.s expla:i.ned 

as an example in the second embodiment; however, the 

present invention is not lim:i. ted to this kl.rid of structure; 

the grooves and.the projected portions may be formed 

opposite to each other, and the number -0f each is not 

limited to one. 

FIG. 8 is a partially magnified perspective 

views show1ng still another structure of the infrared ray 

lamp of the second embodiment, and shows the method of t~e 

connection between a plate heating element 24 and two­

split heat-emitting blocks 35a and· 35b. 

As shown in FIG. 8, a through hole 2 4a is formed 

in the vicinity of the end portion .of the heating element 

24 .. The adhesive 9 formed of a liquid carbon-based organic. 

substance is sufficiently applied to the end.portion 

including this through hole 24a. 

On the other hand, a hollowed step port1on 35d 

·is formed on each of the heat-emitting blocks 35a and 35b 

at a position for sandwiching the heating element 24. In 

addition, a projected portion 35c is formed on this step 

portion 35d. This pr.ejected portion 35c is form_ed at a 

position wherein it fits in the through hole 24a formed 

in the above-mentioned heating element 24. 

The heating element 24 structured as described 
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above is sandwiched between the two heat-emitting blocks 

35a and 35b and bonded thereto. At this time. the 

projected portions 35c of the heat-emitting blocks 35a and 

35b fit in the through hole 24a in the heating element 24. 

After this bonding. the heating element 24 and the 

heat-emitting block 35a and 35b are dried and heated 

{fired). thereby securel_y.connected by the sintered 

substance formed of the carbon-based substance of the 

adhesive 9 and having high conductivity. 

Since the embodiment shown in FIG. 8 is 

.structured so that the projected portions 34c of the 

heat-emitting blocks 35a and 35b fit in the through hole 

24a in the heating el.emen·t 24. the. area of the contact 

between the heati~g element 24 and the heat-emitting 

blocks 35a and 35b increases. whereby the resistance of 

the contact can be reduced. 

In addition, since the projected portions 35c 

fit in the through hol.e 24a. the condition of the bonding 

between the heatin~ element 24 and the heat-emitting 
. ' 

·blocks 35a and 35b. via the adhesive 9 becomes strong. 

whereby the strength of the bonding is enhanced. 

The structure wherein the through hole and the 

proj.ected portion are circular and the number of each is 

one is expl_ained as an example in the embodiment shown in 

FIG. 8; however. the present invention is not limited to 

this kind of structure; if an_o~al hole and an oval 
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projected portion are·used or if plural holes and plural 

projections are.used and· if they can be fitted into each 

other for example, similar effect as that of the 

above-mentioned embodiment can be obtained. 

Furthermore, it may be possible to use the 

structure wherein only the projected portion 35c shown in 

FIG. 8 is formed into a rod shape as a separate piece, and 

a through hole ·is formed in the step portion 35d of each 

of the heat-emitting blocks 35a and 35b so that the 

rod-like p·rojected portion is inserted into the throug~ 

holes in the heat-em~tting blocks 35a and 35b and the 

thorough hole· 24a in the heating element 24. ·With this 

structure, the heat-emitting blocks 35a and 35b can be 

processed easily, and the cost of production can be 

reduced. 

The heat-emitting block formed of graphite 

h~ving conductivity and an electrode terminal. function J..s 

·explai.ned as an example in the fi.rst and second 

embodiments; however, the mate~ial of the heat-emitting 

block is not limi t·ed to graphite; various materials having 

heat resi.stance up to 1200°C, good el~ctrical conductivi.ty 

and good thermal conductivity are applicable .. Since 

graphi. te 1. ts elf is low in hardness and strength for example, 

various materials enhanced in hardness and strength, such 

as a material obtained by mixing a carbide, a nitride, a 

boride, etc. with graphite and by fi~ing the mi.xture, a 
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material obtained by adding glass-like carbon to.graphite 

and by firing the mixture, and the like, are applicable. 

The present invention has the following effect 

as made clear by the above-mentioned detailed ·exp·1an:ati9ns 

of the first and second embodiments . 

. In acc6rdance with the present invention, the 

heating portions can be prevented from fusing and breaking 

durin9 use for a long time, whereby it i __ s possible ·to obtain 

an infrared ray lamp having high reliability and long li.fe. 

The infrared ray lamp of the present invention 

uses a heating element formed of a carbon-based substance 

and formed into a rod-like shape instead of the 

conventional tungsten spiral filament, and the infrared· 

.ray emission rate of the rod-like carbon-based substance 

is high, 78 to 84%; for this reason, the infrared ray 

emission rate of the infrared ray lamp is hi,gh. 

Furthermore, since the rod-like carbon-based substance 

has a negative temperature characteristic wherein· the 

re!\listance :lowers as the temperature rises I it is possible 

to reduce the rush current at the time when the infrared 

ray lamp of the present invention is turned on. 

Furthermore, since the infrared ray lamp of the 

pres~nt invention is structured such that the heat­

emitting blocks having good conductivity are bonded to the 

end portions of the rod-like. carbon-based heating element, 

the. resistance of the contact between the heating element 
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and the heat-emitting blocks at the time of hea~ing can 

be reduced, and temperature increase can be:lowered, 

whereby it is possible to si.gnificantly enhance the 

reliability· of the lead wire installation portions. 

Furthermore, the infrared ray lamp of .the 

present invention has the structure wherein the projected 

and recessed portions are formed between the rod-like 

carbon-based heating element and the heat.-emitting bl.oaks 

and then bonded and fired via the carbon-based adhesive. 

Because of this structure, the strength of the bonding 

portions of the infrared ray lamp of the present invention 

becomes high. Furthermore, since. the rod-like carbon­

based heating element and the adhesive for joining the 

heat-emitting blocks are formed of similar, material,· their 

thermal expansion coeffici~nts are almost similar, 

whereby it is pos.sible to provide a highly reliable· 

infrar.ed ray lamp not.causing any accidents, such as 

breakage~ during on-off switching operation for a long 

time. Furthermore, since the structure wherein the 

rod-like carbon-based heating element and the heat­

emi tting blocks are bonded by the fitting due to the 

engagement of the projected and recessed portions and by 

using the carbon-based ·adhesive is used in the present 

invention, it. is possible to enhance workability and to 

raise quality at the time of the bonding. 

In accordance with the method of producing th~ 
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infrared ray lamp of the present invention, it is possible 
. . 

to obtain a highly reliable infrared ray lamp 

chara6terized in that its power consumption does not 

change abnormally even after use for a long time, and that 

the heating portions are prevented from fusing and 

breaking during use for a long time; furthermore, it is 

pos~ible to enhance workability_and to raise quality it 

the time of the assembly and bonding. 

((Third embodiment)) 

Next, a third embod~ment of the present 

invention will be described referring to the accompanying 

drawings. However, .the materials, sizes, production 

methods and the like of the embodiment described below are 

only exampl.es preferable for an embodiment of the present 

invention. The applicable range of the present invention. 

is therefore not limited by these examples. 

Part {a} of FIG. 9 is a plan view showing an 

infrared ray lamp in accordance with- the third embodiment 

of the present invention, and part (b) is a .front.view 

thereof. In addition •. FIG. 10 is a perspective view 

showing the infrared ray lamp of FI~. 9. However, since 

the central portion of the infra~ed ray lamp can be 

understood from both side portions shown in the fig~res, 

the central portion· of the infrared r_ay lamp is not shown 

in.either of the figures. 

The infrared ray lamp of the third embodiment 
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comprises a substantially cylindrical glass tube 301, 

metal foil sheets 305 embedded in both end portions 30lc 

of this glass tube 301, a heating element 3·02 hermetically 

sealed inside the glass tube 301, heat-emitting blocks 303 

secured to both end portions of the heating element 302, 

internal lead wires 304 for connecting the heat-·emi tt.t.ng 

-blocks 303 to the metal foil sheets. 305, and external lead 

wires 306 for connecting the metal foil sheets 305 to an 

external electric circuit. 

The glass tube 301 is formed of quartz glass. 

The cylindrical portion of the glass tube 301 is about 10 

mm in outside diameter, about 1 mm in thickness and about 

360 mm in length. The sealing portions 30lc at both ends 

of the cylindrical portion are each formed into a plate 

sh~pe, and an argon gas ~aving atmospheric pressure is 

filled inside the cylindrical portion. 

The heating element 302 is formed of a 

carbon-based s~bstance consisting of a mixture of 

crystallized carbon such .as graphite,· .a resistance value 

adjustment substance such as a nitrogen compound and 

amorphous carbon. The resistance value adjustment 

substance i.s mixed to adjust the resistance of the heating . 

element 302. This resistance value adjustment substance 

is used to make the r~sistance value of the heating element 

higher than that of a heating element formed of only 

carbon. 
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The heating element 302 in accordance with the 

third embodiment has a plate shape having a thickness t 

of 0.5 mm. a width T of 1.0 mm (= 2t). 2.5 mm (= St) or 

6. o mm ( = 12t l and a length of about 300 mm.· However. the 

plate heating element 302 having a width T of 6.0 mm (= 

· 12t} is shown in FIGS. 9 and 10. 

The heat-emitting blocks 303 secured to both end 

portions of the heating element 302 are formed of a 

carbon-based substance similar to that of the heating 

element 302. The shape of the heat-emitting block 303 has 

a substantially cylindrical shape having about 6 mm in 

diameter and about 20 mm in length. A slit 303a. in which 

the longitudinal end portion of the heating element 2 is 

inserted. is formed in the end face 303b of the heat-

emitting block 303 opposed to the heating element 302 so 

as to pass through its center. The heating element 2 is 

fitted into this slit 303a and secured to the heat-emitting 

block 303. The internal lead wire 304 is wound tightly 

around the cen.tral. portion of the heat-emitting bl.ock 303. 

thereby forming_ a close-contact portion 304a. 

The cross-sectional. area of the _heat-emitting 

bl.ock -303 is sufficiently larger than the cross-sectional 

area of the heating element 302 (about nine times or more 

in the third embodiment). The resistance value of the 
. . 

heat-emitting block 3·03 is therefore suffic~entl.y smaller 

than the resistance value of the heating element 302. As 
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a result. when a current.flows through the heating element 

302 and the heating element 302 generates heat. the heat 

generation at·the heat-emitting block 303 itself is 
. . 

sufficiently smaller th?tn that at the heating element 302 

anc;i negligibl_e as described later. In addition. al though 

heat is transmitted from the heating element 302 to the 

heat-emitting block 303, part of the heat is emitted from 

the surface of the heat-emitting block 303. As a result. 

the amount of the heat transmitted from the heat-emitting 

bl.ock 303 to the internal. lead wire· 304 is very scarce. 

and the internal. lead wire 304 is therefore not overheated. 

Th~ internal.· lead wire 304 is formed of 

molybdenum or tungsten. and is a conductive wire of about 

· O. 7 mm· in diameter. The internal. l.ead wire 304 has a spiral 

. coil portion 304b following the close-contact portion 304a 

wound around the heat-emitting bl.ock 303. The spiral coil 

portion 304b is larger than the close-contact portion 304a 

by about O. 5 to 1. O mm .in diameter. and· is provided so as 

to be co~xial with the center axis of the heat-emitting 

block 303. The spiral coil portion 304b is disposed away 

from th~ side f~ce of the heat-emitting block 303 by a 

predetermined distance so that it can expand and contract 

like a coil spring in the axial direction of the heat­

emitting block 303. ·rn addition. one end of the internal 

lead wire 304 is secured to the metal foil sheet 305 by 

crimping.. At the time of assembly. the internal lead wires 
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304 on both sides are pulled so that each of them becomes 

longer about 3 mm outwardly in the longitudinal direction 

than_ its normal length, whereby the heating element 302 

is secured. 

As described above, in the third embodiment, the 

heating element 302 is electrically connected to the metal 

foil sheets 305, and pulled appropriately -to both sides 

thereof by the internal lead wires 304, thereby secured 

stably. At this time, the heating element.302 is secured 

so that the center line of the heating element 302 in the 

longitudinal direction thereof is aligned with the· center 

axis of the glass tube 301. 

In addition, the spiral coil portion 304b of the 

internal lead wire 3·04 has a function described below. As 
. . 

described later, when a current flows through the heati.ng 

element 302 and the h~ating element 302 generates heat, 

the temperatures of the heating element 302 and the glass 

tube 301 are raised by the heat, and they undergo thermal. 

expansion~ . At this. time. a thermal stress occurs between 

the heati.ng element 302 and the glass tube 301 because of 

the difference between their thermal expansion 

_coefficients. This thermal stress is absorbed·by the 

elasticity of the spiral coil portion 304b. Because of 

this structure, ·in the third embodiment, the connection 

between the heat-emitting block 303 and the metal foil 

sheet 305 vta the internal lead wire 304 is not impaired 
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by the thermal stress. 

The·metal foil sheet 305 is a molybdenum foil 

sheet measuring about 3 mm by 7 mm by O. 02 mm (thickness} . 

The inner lead wire 304 is secured to one end of th~ metal 

foil sheet 305, and the external lead wire 306 is secured 

to the other end thereof. The external lead wire 306 is 

formed of molybdenum and welded to.the metal foil sheet 

305. 

When a' voltage is applied to the heating element 

302 ~ia the external lead wires 306, a current flows 

through the heating element 302. Since the heating 

element 302 has a resistance, heat generates from the 

heating element 302. At this time, the heating element 

302 emits infrared rays. 

Part (a) of FIG. 11 is a graph showing the. 

distribution curve of the intensity of the infrared rays 

emitted from the heating element 302 of the third 

embodiment. Part (b) of FIG. 11 shows the cross section 

of the central portion of the infrared ray lamp of the third 

·embodiment having the heating element 302. The x and y 

axes shown in the parts (a} and (b} of FIG. 11 are orthogonal 

coordinate axes on a_ plane perpendicular to the axial 

direction of the heating element 302 shown in FIG. 10. In 

tb.e parts (a) and (b) of FIG. 11, _the origin O corresponds 

to the center axis of the heating element 302. In the graph 

of the part (a) of FIG. 11, the values in the radial 
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directions designate the emission intensity of the 

infrared rays, and the valu.es in the circumferential 

directions designate angles with respect to the center 

axis on the plane. perpendicular to the axial direction of 

the heating element 302. These· angles are designated by 

angles from the positive direction of the x axis. 

The thick solid line 307a, the thin solid line 

307b and the broken line 307c in the part (a) of FIG. 11 

designate the intensity distribution curves in the case 

when the width T of the heating element 302 is 6. 0 mm, 2. 5 

mm and 1. o mm, respectively.· Since t.he thickness ( t) of 

the heating element .302is 0.5 mm, the intensity 

distribution curve 307a is obtained in the case when the 

width T (6.0 mm) of the heating element 302 is 12t, the 

intensity distribution curve 307b· is obtained in the case 

when the width T (2.5 mm) of the heating element 302 is 

St, _and the intensity distribution curve 307c is obtained 

in the case when the width T ( 1. O mm). of the heating element 

302 is 2;t. 

In the third embodiment, the intensity 

distribution curves 307a, 307b and 307c were me~sured as 

described below.· 

First, a constant voltage is applied to a 600W 

inf rared ray lamp, and inf rared rays. are emitted from the 

infrared ray lamp. In a condition wherein infrared rays 

are emitted .from the infrared ray lamp stably, the amount 
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of the infrared rays is measured at a position located.a 

constant distance (about 300 mm) away from the center line. 

(the .origin O of FIG; 11) of the heating element 302 in 

a direction perp~ndicular thereto. At this time, the 

amount of infrared rays reaching a predetermined minute 

area at a predetermined p·osition is measured. This 

measurement is repeated while the angle with respect to 

the heating element 302 is changed, with the distance from 

th.e origin o being ma.intained constant. As the re.sul.t of 

this measurement, t~e intensity dist:i::ibution curves 307a, 

307b and 307c shown in the part ·cal of FIG. 11 were obtained. 

As indicated .bY the intensity distribution 

curves 307a, 307b and 307c shown in the part (a) of FIG. 

11, the directivit' of the intensity of the infrared rays 

emitted from the heating el.ement 302 becomes higher as the 

ratio of the width T to the thickness t of the heating 

element 2 becomes high.er. When T > St in particular, that 

is, when the ratio of the width T to .the thickness.tis 

five or ~ore,. the emission intensity in the y axis 

direction is significantly lower than that in the x axis 

direction. 

When the infrared rays are emitted unequally as 

described above;.for example, when only a predetermined 

region is desired to be heated, the region should be placed 

on the x axis. On the contrary, when only the 

predetermined region is not desired to .be heated, the 
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region should be placed on they axis. As a result, in 

the third embodiment, the .emission _intensity can have 

directivity, even if such. a reflection plaite as that used 

for the conve.ntional infrared ray_ lamp shown in the 

above-mentioned FIGS. 25 and 26 is not provided. 

The heating element 302 of the· .third embodiment 

is formed of a carbon-based substance consisting of a 

mixture of crystallized carbon such as graphite, a 

resistance value adjustment substance such as a nitrogen 

compound and amorphous carbon. As ·de.scribed above, the 

·carbon-based substance used as the material of the heating 

element 302 has an infrared ray emission rate higher than 

those of the conventional nichrome and tungsten. For this · 

reason, when the carbon-based substance is used as the 

heating element 302 of the infrared ray lamp. the 

efficiency of the emission from the heating element 302 

is.higher than those from the conventional heating 

elements. 

Furthermore, since the resistance value of the 

heating element 302 of th_e third embodiment is higher than 

those of the conventional heating elements, even if the 

surface area of the heating element having the shape of 

a r_od. a plate or the like is smaller than those of the 

conventional heating elements, the heating element can 

emit infrar~d:rays having ~ufficient "intensity. As a 

result. ·since the surface area of" the heating element 302 
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is smaller than those of the.conventional heating elements, 

heat emission from the heating element 302 to the gas 

around the-element is sea.tee, whereby efficiency reduction 
. . 

due to heat emission from. the heating element 302 is 

restricted. 

Because of the above-mentioned reasons, when a 

constant voltage is a~plied to the infrared ray lamp, the 

emission intensity of the third embodiment.shown in the 

p~rt (a) of FIG. 11 is about 20 to 30% higher than the 

emission intensity, shown in the part (a) of .the 

above-mentioned FIG. 24, of the conventional infrared ray 

lamp having the heating element 240 formed of ni--chrome or 

tungsten. 

In the part (a} of FIG. 11 and the part (a) of 

FIG. 24, the concentric gradations for the emission 

in.tensity indicate similar intensity values 

respectively. 

How~ver, the fact that the heating element 302. 

is formed of the ·carbon-based substance is not essential. 

in the present invention. . Even if the heating element 302 

is formed of the· conventional nichrome or tungsten, when 

the width T of the heating element 302 is larger than its 

thickness· t by five times or more, it is possible to obtain 

emission intensity having such ~elatively ~igh 

directivity as those indicated by the intensity direction 

curves 307a and 307b shown in the part (a) of FIG. 11. 
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Although the heating element 302 of the third 

embodiment formed integrally into the shape of a rod or 

_plate is explained as an example, the heating element of 

the present invention is not limited to this kind of shape; 

a. bundle obtained by binding plural rod-like members for 

example may be used as a whole to form a heating member. 

Furthermore, although the infrared ray lamp of 

the third embodiment having the emission blocks 303 is 

explained as an example, the present invention is not 

limited to this kind of structure. In the case when the 

amount of the heat.transmitted from the heating element 

· to the internal lead wires is scarce to the extent that 

the internal lead wires are not overheated for example in 

accordance with the specifications of an infrared ray lamp, 

the structure wherein the emission· blocks are omitted is · 

also applicable. 

(Fourth embodiment) 

Next, a fourth embodiment of the present 

invent!on will be described referring to the accompanying 

drawings. However, the materials, sizes, production 

methods and the like of the embodiment described below are 

only examples -preferable for ari embodiment of the present 

invention.· The applicable range of the present invention 

is therefore not limited by these examples. 

P~rt (a) of FIG .. 12 is a plan view showing an 

infrared ray lamp in accordance with the fourth embodiment 
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of the present invention, and part (b) is a front ~iew 

thereof. In addition, FIG. 13 is a perspective view 

showing the infrared ray lamp of FIG. 12. However, since 

the central portion of the infrared ray lamp can be 

understood from both side portions shown in the figures I 

the central portion of the infrared ray lamp is not shown 

in either of the figures. 

Furthermore, in the fourth embodiment, similar 

components as those of the third embodiment shown in FIGS. 

9 and 10. are de_signated by the same numerals, and their 

explanations are omitted. 

The infrared ray lamp of the fourth embodiment 

has. a reflection film 30la for infrared rays in a constant 

range on the external face of the glass tube 301 as snown 

in FIGS. 12 and 13,c in addition to the structure of the 

third embodiment. The reflection film 30la is a gold thin 

film evaporated on the external face ~f the glass tube 301 

so as to have a thicki;i.ess of about 5 µ, m. This reflection 

film 30la reflects about 70% of the infrared rays emitted 

from the heating element 302. As shown in FIGS. 12 and 

13, the reflection film 30la is disposed between the 

heat-emitting blocks 303 provided on both sides, in other· 

words, di$posed at a position opposed .to the light­

emitting portion of the ·heating element 302 in the 

longitudinal direction thereof. This reflection film 

30la has a semi-cylindrical shape, and the internal face 
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of the reflection film 301a is disposed so as to be opposed 

to the wider side face 3~2a of the heating element 302. 

Part (a) of FIG. 14· is a graph showing the 

distribution curve 307d of the intensity of the infrared 

rays emitted from the heating element 302 of the fourth 

embodiment. Part (b) of FIG. 14 shows the cros.s section 

of the central portion of the infrared ray lamp of the 

fourth embodiment having the heating element 302. The x 

and y axes shown in th~ parts (a) and (~) of FIG. 14 are 

orthogonal coordinate axes .on a plane perpendicular to the 

axial direction of the heating element 302 shown in FIG. 

13 .. In the parts (a) and (bl of FIG. 14, the origin O 

corresponds to the center axis of the 'heati·ng element 302. 

In the parts (a) of FIG. 14, ·the values in the radial 

directions designate the emission intensity of the 

infrared rays, and the values in the circumferential 

directions designate arigles with respect to th~ center 

axis on the plane perpendicular to the axial direction of 

the heating eleme'nt 302. Thes~ angles are des.ignated by 

angles from the positive direction of the x axis. The 

concentric gradations for the emission intensity in the 

part (a) of FIG. 14·· indicate ·t.he same values of the 

gradations in the part {a) of FIG. 11. 

In a~dition. a constant power of 600 Wis applied 

to the inf~ared ray lamp. Since the measurement method 

is the same as that of the third embodiment, its 
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explanation is omitted. 

As indicated by the intensity distribution curve 

307d in the part (a)-of FlG. 14. the infrared rays from 

the heating element 302 are emitted most intensely in the 

positive direction of· t'he x axis. that is. in a direction 

opposite to the reflection pl.ate 30la with respect to the 

heating element 302 (the right d~rection in the part (b) 

of FIG. 14). The maximum emission intensity is about 1.5 
. . , 

times as high as that of the infrared ray l~mp of the third 

embodiment. 

On the other hand. the infrared rays from the 

heating element 302 are. hardly emitted in the negative 

direction of the x axis. that is. in the direction wherein 

the infrared rays are shielded by the reflection film 30la 

(in the left direction in. the part (b} of FIG. 14). 

When the intensity distribution· curve 301·d in 

the part (a} of FIG. 14 is compared with the conventional 

intensity distribution curve 271 indicated in the part (a) 

of.FIG. 26 •. the emission intensity in the conventional. 

intensity .distribution curve 271 is substantially .uniform 

in a wide angle range near an area in the positive.direction 

of the x axis. o"n the other hand. in the case of the fourth 

embodiment. the emission intensity gradually lowers as the 

distance· from the x axis in the positive direction thereof 

increases. As a result. the emission intensity in the 

fourth embodiment is larger than that of the conventional 
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example, and the range wherein the intensity becomes a 

maximum value in the fourth embodiment is narrower than 

that in the convention·al example. 

The infrared ray lamp of the fourth embodiment 

is thus suited to a case wherein an object disposed in the 

positive direction of the x axis is locally heated for 

example. 

In the infrared ray_ lamp of the fourth embodiment, 

the reflection film 30la is produced in accordance with 

the following forming process. 

(1) The glass tube 301 is formed into a 

cylindrical shapew (S~ep 1) 

(2) The heating ~lement 302 and the like ·are 

disposed inside the·glass tube 301, and the glass tube 301 

is hermetically sealed. (Step 2) 

(3) Gold is evaporated on the external face of, 

the glass tube 30.l thereby to form the ref~ection film 30la. 

(Step 3) 

By forming the reflection film 30la as described 

above, the reflectiop film JO la can be formed by using the 

external shape of the glass tube 301. As a result, the 

reflection film 30la having an accurate semi"'.'cyl,indrical 

shape·can be formed easily. 

In the above-mentioned process for forming the 

reflection film 30la, step 3 may be carried out before step 

2. 
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Furthermore. the reflection.film 301a may be 

formed by transf.er or the like. instead of evaporation. 

In this case. transfer is carried out as described below. 

( 1) A mixture of resin. gold and glass is formed 

into a film and bonded to the surface of the glass tube 

301. 

( 2) The film bonded to the surface of the glass 

tube 301.is baked thereby to v~porize the resin included 

in the film. 

Transfer is carried out· as described above. and 

a gold film is formed on the surface of the glass tube 301. 

Since the internal face of the reflection fil~ 

30la in the fourth embodiment. used as a reflection face. 

is made close contact with ·the ~xternal face of the glass 

tube 301. ·the internal _face does not make contact with the . 

air. In the conventional. infrared ray lamp shown in the 

above-mentioned FIG. 25, the reflection plate 280 is 

disposed with a predetermined space provided from the 

glass tube 201; for this reason. the reflection face of 

the reflection plate 280 is stained with adherents and the 

like from the outside; however. this kind of problem has 

been solved in the fourth embodiment. 

In the fourth embodiment, the reflection film 

30la is formed into the shape of the external face of the 

glass tube 301. that is, a semi-cylindrical shape, and is 

maintained in the ·shape. The reflection film can be 
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maintained at substantially similar shape for a longer 

time than the reflection plate 280 used for the 

conventional infrared ray lamp. 

As described above, in the fourth embodiment, 

t~e reflection film 30la is maintained for a long time~ 

and the reflectivity of its ceflection face does not lower. 

The infrared ray lamp of the fourth. embodiment therefore 

maintains its good characteristics for a longer time in· 

comparison with the structure wherein the reflection plate 

280 is.installed in the conventional infrared· ray lamp. 

In the fourth embodipaent, the structure wherein 

the reflection film 30la is formed on th.e external face 

of the glass tube 301 is described as an example; however, 

the present invention is not limited to this structure; 

the·structure wherein a reflection film formed on the 

internB:l f_ace of the- glass tube may be used. ·However, in 

the case of such a structure~ step 3 must be carried out 

befQre ~tep 2 in the ~bove~m~ntioned_process for forming 

the reflection film. 

In the case when the reflection film is formed 

on the internal face of the glass tube 301, the reflection 

film is not exposed to the air, and·its reflection face 

is not stained with adherents and the like. For this 
. ' 

re~son, just as in the case when the reflection film is 

formed _on the external face of the glass tube 301, the good 

characteristics of the reflection film are maintained fo·r 
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a l.onger time without causing any changes wi~h time in 

comparison with the case when -~he reflection plate 28.0 is 

used for the conventional infrared ray lamp. However, 

since the reflection film formed on the internal face of 

the glass tube makes contact with the high-temperature. gas 

inside the glass tube, the thickness of the reflection film 

may be reduced by evaporation, dispersion and the like, 

and its reflectivity may l.ower. For this reason, in the 

case when the reflection film is formed on the internal 

face of the glass tube, the distance between the reflection 

film and the heating element is required to be set at a 

sufficiently large value. 

Al.though gold used as the material of .the 

reflection film 30la is described as an example in the 

fourth embodiment, metals other than gold, such as 

titanium nitride, silver and aluminum, cian be used; metals 

having high reflectivity for infrared rays and bei.ng 

stable at high temperatures are applicable. 

The reflection film ~Ola having a semi.­

cylindrical shape is d~scribed as an example in the fourth 

embodiment; however, the present invention is not Ii.mi ted 

to this shape; various shapes are applicable in 

consideration of the reflection direction of infrared rays. 

Instead of the semi-cylindrical shape, the shape of a part 

of a circle, a parabola or an ellipse in cross. section for .· 

example may be used as the shape of the reflection film. 
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Furthermore, it is possible to use a shape formed of a 

combination of plural straight lines, such as a part of 

a polygon (the shape of the letter ::I for example (or the 

· shape of a bathtub)) or a shape formed of a combination 

of straight and curved lines (the shape of the letter U 

for example) or a flat shape in cross s.ection. The shape 

of the reflection film 301a should only be a -shape suited 

for obtaining the desired directional distribution o.f the 

emission intensity of infrared rays. To form the 

reflection film 30la having this kind.of shape, the portion 

of ·t~e glass tube wherein the reflection film 301a is 

formed by evaporation or the like should only be formed 

into a shape corresponding to the desired shape of the 

reflection film;. this can be attained easily by taken the 

method of forming the reflection.film 30la described 

before. 

«Fifth embodiment» 

Next, a fifth embodiment of the present 

invention wil.l. be described referring to the accompanying 

drawi.ngs. However, the materials, sizes, production 

methods and the like of the embodimen·t described below are 

only examples preferable for an embodimen.t of the present 

invention. The applicable range of the present invention 

is therefore not limited by these examples. 

Part (a) of FIG. 15 is ·a plan view showing an 

infrared ray lamp in accordance with the fifth embodiment 
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of the present invention, and·part (b) is a front view 

thereof. In addition, FIG. 16 is a perspective view 

showing the infrared ray lamp of. FIG. 15. However, since 

the central portion of the infrared ray.lamp can be 

understood from both side portions shown in the figures, 

the central portion of the infrared ray lamp is not shown 

in either of the figures. 

Furth~rmore, in the ~ifth embodiment, the same 

components as those of. the thi.rd embodiment. shown in FIGS. 

9 and 10 are designate·d by the same numerals, and their 

explanations are omitted. 

The infrared ray lamp of the fifth embodiment 

has a reflection film 301b for infr~red rays in addition 

to the structure of the third embodiment, just as in the 

case of the above-mentioned fourth embodiment. However, 

in the infr~red ray lamp of the fifth embodiment, the 

·reflection film 30lb is f.ormed on the external face of the 

glass tube 301 at a position different from that ·i~ the 

above-menti.oned fourth embodiment. A1though the . 

reflection fil.m 30la of the fourth embodiment is disposed 

so as to be opposed.to the wider side portion 2a of the 

heating element 302 (FIGS. 12 and 13), the reflecti.on fi.lm 

3_01b of ~he fifth embodiment is di$posed so a~ to be opposed 

to the narrower side portion 2b of the heating element 302. 

The material, thi·ckness, reflectivity, shape 

and forming method of the reflection film 30lb of the fifth 
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embodiment are similar to those of the reflection film 30la · 

of the fourth embodiment. 

Part (a) of FIG. 17 is a graph showing the 
.. 

distribution curve 307e of the intensity of the infrared 

rays emitted from the heating element 302 Of the fifth 

embodiment. Part (b) of FIG. 17 shows the cross section 

of the central portion of the infrared ray l~mp of the fifth 

embodiment having the heating element 302. The x and y 

axes shown in the parts (a) and ( b) o_f FIG. 1 7 are orthogonal 

coordinate axes on a plane.perpendicular to the axial 

direction of the heating element 302 shown in FIG. 16. The 

x axis corresponds to the thickness direction of the 
. . 

·heating element 302, and they axis corresponds to the 

width direction thereof. ·In· the parts (al and ·c b) of FIG. 

17~ the origin O COfrespond• to the center axis of the 

heating element 302. In the part (a) of FIG. 17 I the values 

._in the radial di.rections designate the emi.ssion intensi.ty 

of the infrared rays, and the values in the circumferential 

directions designate angles with respect to the center 

axis on the plane .perp,endicular to the axial di.rection of 

the heating element 302. These angles are designated by 

angles from the positive direction of the x axis. The 

concentric gradations for the emission intensity iij the 

part (a) ~f FIG. 17 indicate the same values of the 

gradations· in the part (a) of FIG. 11. 

In addition, a constant power of 600 Wis ap-plied 
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to the infrared ray lamp. Since the measurement method 

is the same as that of the third embodiment, its 

explanation is omitted. 

In the infrared ray lamp of the fifth embodiment, 

the positive. direction of the y axis (the direction _of ~he 

arrow of they axis in FIGS. 16 and 17) is the direction 
. . . 

of the internal face of the reflection film 30lb. 

As shown in the intensity distribution curve 

307e of the infrared ray emis.s.ion in the pa,rt (a)· of FIG. 

17, the emission intensity of the infrared rays from the 

heating element 302 in the vicinity of the y-axis in the 

positive direction thereof is lower than that in the · 

vicinity of the x-axis direction. On the y axis side in 

the negative direction thereof, emission is restricted by 

the reflection film 30lb as a matter of course. 

When the intensity distribution curve 271 of the 

conventional infrared ray lamp shown in the part {a) of 

the above-mentioned FIG. 26 is compared with that of the 

fifth embodi.ment, the angl.e range i.n t~e direction wherein 

the emission intensity is high in the fifth embodiment is 
. . 

wider than that in the conventional .example. 

As a result, the infrared ray lamp of the fifth. 

emQodiment is_ suited, . for example, in the case when the 

center of an object to·be heat~d is pl.aced on they axis 

of the infrared ray iamp in the positive direction thereof 

and in the case when the entire flat face of the object-



- 72 -· 

to·be heated, which is perpendicular to they axis, is· 

.heated uniformly. 

«sixth embodiment» 

Next, a heating apparatus using the infrared ray 

lamp in.accordance with the present invention will be 

described as a sixth embodiment. 

The inf rared ray lamp described in the 

above-mentioned third embodiment is used as the infrared 

ray lamp for the heating apparatus of the sixth embodiment .• 

and the reflection plate 280 shown in FIG. 25 is provided 

for this infrared ray lamp. 

All of the above-mentioned infrared ray lamps 

in accordance with the above-mentioned first to fifth 

embodiments are structured· to have substantially similar 

~xterrial shape as that of the c~nventional infrared ray 

lamp. For this reason. in a heating apparatus having the 

conventional in~rared ray lamp, it is easy for oidinary 

engineers ~killed in t~e related art to replace the 

infrared ray lamp with one of the infrared ray lamps in 

accordance with the first to fifth embodiments. 

· Heating apparatuses each having the 

conventional infrared ray lamp that is replaceable with 

·the infrared ray lamp of the present invention as desorib~d 

above are the following apparatuses, for example. 

(1) Heating apparatuses, stich as a heater, a 

kotatsu (a Japanese traditional heating device), an air 

,.... . 
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conditioner. an infrared treatment apparatus and a 

bathroom heater 

( 2) Drying apparatuses. such as a clothing drier. 

a bedding drie~; a food tre~tment app~ratus. a garbage 

treatment apparatus. a heating-type deodorizing 

apparatus· and a bathroom ·drier 

(3)· Heating~type sterilizing apparatnses 

· ( 4) Cooking apparatuses~ such as an ove:i;i, ·an oven 

range, an oven toaster, a toaster-, a roaster,· .. a warming 

apparatus, a yakitori cooker_(skewered chicken cooker), 

a cooking stove, a defroster and a brewer 

(5) Hairdressing apparatuses, such as a drier .. 

and a p~rmarient wave heater 

( 6) Apparatuses for fixing letters, ·images, etc. 

on sheets· 

(a) Apparatuses for carrying out display by 

using toner. such as an LBP (laser beam printer>". a PPC 

(plain paper copier) and a facsimile 

(b) Apparatuses for thermal transfer of an 

original film to an object by heating 

(7) ·sol.daring heaters 

(8) Driers fp~ semiconductor wafers. etc. 

(9) Apparatuses for heating pure water when 

cleaning wafers, etc. in semicond~ctor production 

processes. and 

(10) Industrial coating driers 
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In other words. an app·aratus for heating object.s 

by using an infrared ray lamp as a heat source can be an 

apparatus whose infrared ray lamp can be replaced with as 

described above. 

FIG. 18 is a perspective view showing the 

positional ·relationship betwe·en the infrared ray lamp and 

the infrared ray reflection plate 308a of the heating 

apparatus of the sixth embodiment. In FIG. 18. the central. 

portion of the infrared ray lamp is not shown. Furthermore. 
' . . 

since the infrared ray lamp used herein is the inf rared 

ray lamp described in the above-mentioned third embo.diment, 

its explanation 1s.omitted. 

The reflection plate 308a of the sixth 

embodiment is formed of aluminum, has a semi-cylindrical 

· shape measuring about O. 4 to O. 5 mm in thickness. and has 

a mirror~finished·reflection face on its internal face. 

The infrared ray reflectivity of the refJ.ection pJ.ate 308a 

is about 80 to 90%. The refl.ection plate 308a is disposed 

in par~llel with the center li~e of the heating eJ.ement 

3 O 2. with a predetermined space provided from the external 

face of the glass tube 301~ The .reflection plate 308a is 

installed by using the center l.ine of the heating el.ement 

302 as its center. As. shown in FIG. 18, the reflection 

face, that is, the internal face of the reflection plate 

308a, is disposed so as to be opposed to the wider side 

portion 302a of the heating ele~ent 302. 
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The reflection plate 308a formed of aluminum is 

explained as an example in the sixth embodiment: however, 

instead of aluminum,· materials having high infrared ray 

reflecti.vity arid being stable at high temperatures, such 

as gold, titanium nitride, silver· and stainless steel, are 

applicable. 

The reflection plate 308a having a semi-

cylindrical shape is explained in the sixth embodiment; 

however, its cross section can also take other shapes, for 

example, a shape having a pa,rt of a circle, a parabola or 

an ellipse; or a shape formed of a combination of plural 

straight lines, su·ch as a part of a polygon (the shape of 

the Japanese letter·~· for example), a shape fqrmed of 

a combination of them (the shape of the English letter "U" 

for example) or a flat shape; the shape should only be a 

shape suited for obtaining the desired diredtional 

distribution of the emission intensity of .:lnfrared·rays. 

~Y installing the reflection plate 308a as 

described above, the directiona1 distribution of the 

emission intensity of the infrared rays has substantially 

similar shape as that of the intensity distribu.tion curve 
" 

307d in the fourth embodiment shown in the part (a) of the 

above-mentioned FIG. 14. With the above-mentioned 

structure, it is possible to obtain infrared rays having 

similar directional distribution of the emission. 

interisi ty as that of the infrared ray lamp. of the fourth 

. l 
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embodiment. As a result, the heating apparatus of the 

sixth embodiment is suited for a use wherein an object 

disposed at a position opposed to the reflection face of 

the reflection plate 308a ·is heated locally for. example. 

The emission intensity of :the infrared ray lamp 

of the third embodiment has directivity in the x-axis 

direction as shown in FIG. 11. For this reason,· in the 

heating apparatus of.th~ sixth embodiment, the emission 

intensity of the infrared rays by the reflection p;late 308a 

becomes higher than that of the conventional example. In 

addition, in the case when the reflectivity of the 

reflection plate 308a is .reduced considerably because of 

changes with time, the adherence of stains, etc., the 

effect on the directional distribution of the emission 

intensity in the sixth embodiment is less than that in the· 

case when the conventiona.l infrared ray lamp shown in FIG. 

22. is used. for ex~mple. 

«seventh embodiment» 

Next, a heating apparatus using the infrared ray 

lamp in accordance with the present invention will be 

described as a seventh embodiment. 

The infrared ray lamp of the heating apparatus 

of the seventh embodiment is structured such t~at the 

-reflection plate 308a described in the above-mentioned 

sixth embodiment is disposed 90 degrees rotated around the 

center line of the infrared ray·lamp. 
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FIG. 19 is a perspective view showing the 

posi ti.onal relationshi.p between the infrared ray lamp and 

the infrared ray reflection plate 308b of the heating 

apparatus of the seventh embodiment. However, in FIG. 19, 
. . 

the central portion ~f the infrared. ray lamp is not sp.own. 

Furthermore, si.nce the infrared ray lamp used herei.n is 

the infrared ray lamp descri.bed in the thi.rd embodiment, 

its explanation is omitted. 

As shown i.n FIG. 19, the reflection face~ that 

is, the internal face of the reflection plate 308b, is 

disposed so as to be opposed to the narrower side p·ortion 

302b of the heating element 302. 

By disposing the reflection plate 308b as 

described.above; the directional distribution of the 

emission intensity of infrared rays is substantially equal 

to that of the fifth embodiment shown in.the part (a) of 

the above-mentioned FIG.· 1 7. In other words, similar 

directional distri.bution of the emission intensity as that 

of the fifth embodim~nt can be obtained by using the 

infra~ed ray lamp of the t.hird embodiment. The heating 

apparatus of the seventh embodiment is thus suited for a 

use wherein the entire flat face 6f an object placed in 

parallel with the heating element 302 and opposed to the 

ref lecti6n plate 308b is heated substantially uniformly 

for example. 

Furthermore, the infrared ray lamp of ·the thi.rd 
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embodiment shown in FIG. 10 has directivity in emission 

intensity as shown in ~IG. 11 by itself. For this reason. 

in the. heating apparatus' of the seve~th embodiment. in the 

case when the reflectivity of the· reflection plate· 308b 

is reduced considerably because of changes with time. the 

adhere~ce of stains. etc .• the·effect on the directional 

distribution of the emission intensity is less than that· 

in the case when the con·ventional infrared ray lamp shown 

in FIG. 22 is used for example. 

In the infrared ray lamp of the present _invention. 

the intensity of the infrared rays emitted from the heating 

element has directivity de.scribed below. In .other words. 

the emission intensity of the infrared rays becomes a 

maximum value in the thickness direction of the heating 

element. and the intensity in the width direction of the 

heating element has a small value that is substantially 

negligible in comparison with the maximum value .. The 

conventional reflection plate is not required to be used 

for such a use wherein an inf rared ray lamp having such 

directivity is suited. whereby the lamp can be structured 

simply. The infrared ray lamp having this structure does 

not cause reduction in the reflectivity of the reflection 

plate. thereby preventing reduction in efficiency. 

In addition. in the case when the infrared ray 

lamp of the present invention has a reflection film. the 

intensity distribution curve of the emission of the 
'.-
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infrared· rays emitted from the heating element can be 

adjusted to have a predetermined shape_. As a result, the 

intensity of the infrared rays emitted in unnecessary 

directions· can be restricted, whereby the infrared ~ay 

lamp of the present invention exhibits good emission 

efficiency. Furthermore. ·unlike the reflection plate. 

the reflection face of the reflection film. is not staine·d 

by external adherents and the like. Moreover, changes 

with time in the shape of the reflection film and the like 

are less significant than those of the reflection plate. 

As _a result. the high reflectivity of the reflection film 

is maintained for a longer period than that of the 

reflection plate. The infrared ray lamp of the present 

invention therefore mai.ntains its good characteristics 

for a long ti.me. 

In the infrared ray lamp of the present .invention, 

by pr9viding the reflection film at a position desirable 

for the heating element, the intensity of the infrared rays 

reflected by and emitted from the reflection film can be 

increased in a specific direction, and the range of the 

high emission intensity can be narrowed. As a resul.t, the 

infrared ray lamp of the present invention having this kind 

of refl.ection film.becomes a device suited for a use 

wherein the area in the direction opposed to the reflection 

film is heated locally, for example, suited for fixing and 

the l.ike in a copie~. 
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Furthermore, in the infrared ray lamp of the 

present invention, by providing the reflection film at 

another positfon desirable for the heating element,·the 

intensity of the infrared rays reflected by and emitted 

from the reflection film can be m~de substantially the same, 

whereby the range of the emission _intensity can be widened. 

As a result, the infrared ray lamp of the present invention 

having this kind of ref le ct ion film becomes a device suited 

for a use wherein the. entire flat face of an object placed 

in parallel with the heating element and opposed to the 

reflection film is. heated uniformly, for example,. suited 

for a toaster. 

In :the method of producing the infrared ray lamp 

in accordance with the present invention, the reflection 

film is formed by using the shape of the glass tube. This 

facilitates the formation of the aemi-cylindrical 

reflection film. 

In the heating apparatus in accordance with the 

present invention, the infrared ray 1amp of the present 

invention has similar shape~s that of the conventional 

infrared ray lamp; for this reason, the infrared ray lamp 

of the conventional heating apparatus can be replaced with 

the infrared ray lamp of the present invent~on. As a 

result, by providing the conventional heating apparatus 

with the infrared· ray lamp having directivity in the 

emission intensity of infrared rays, a heat~ng apparatus 
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having good characteristics can be obtained, and the 

heating apparatus can be used for heating objects or ro.oms. 

In the heating apparatus of the present 

invention, by installing the semi-cylindrical reflection 

plate instead of the reflection. film, tP.e direction curve 

of the inten~i ty of the emission of the infrared rays can 

be adjusted t6 have a predetermined shape. With this 

structure of the infrared ray lamp of the heating apparatus 

of the present invention, the intensity of the infrared 

rays emitted in unnecessary directions can be restricted. 

In a.ddition, even if the reflectivity of the reflection 

plate" .lowers, the directivity of the infrared ray lamp is 

not so affected as in the case of the conventional 

apparatus, sinqe the infrared ray lamp has directivity. 

For this reason, the heating efficiency of the heating 

apparatus in accordance with the present ·invention :i.s 

superior to that of the conventional apparatus. 

In the heating apparatus in accordance with the 

pr~sent invention, _by providing the refl.ection fi.l.m at a 

position desirable for the heating element, the intensity 

of the infrared rays .reflected by and em~tted from the 

reflect:i.on film can be increased in a specif :i.c direct:i.on, 

and the range of the high. emission intensity can be 

narrowed. As a result, the heating apparatus of the 

present invention having this kind of reflection film 

' becomes a device su:i.ted for a use wherein the area in the 
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direction opposed to the reflection film is heated 

locally. 

Furthermore, in the heating apparatus of the 

present invention, by providing the reflection film at 

.another position desirable for the heating element, the. 

int•nsity of the infrared rays reflected b~ and emitted 

from the reflection film can be made substantially the same; 

whereby the range of the emission intensity can be widened. 

As a result, the heating apparatus of the present invention 

having this kind of reflect.ion f .ilm becomes a device suited 

for a use wherein the entire flat face of an object placed 

.in parallel with .the heat!°ng element and opposed to the 

reflection film is heated un.iformly. 

Although the present invention has been 

described in terms of the presently ·pref erred embodiments, 

it is to be understood that such disclosure is not to be 
. . . 

interpreted as lim.iting, but various alterations and 

modifications will no doubt become apparent to those 

s_k.illed in the .art to which. the present i.nvention perta.ins, 

after having read ·the above d.isclosure; accordingly, it 

is intended that the appended claims be interpreted as 

covering all alterations and modif.ications as fall with.in 

the true spirit ~nd scope of the invention. 

INDUSTRIAL APPLICABILITY 

The present·invention, relating to a_heating 

apparatus for heating objects, rooms, etc., can provide 
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a heating apparatus that emits infrared rays highly 

efficiently and has a long life by using an infrared ray 

lamp widely used as a heat source, and can also provide 

a versatile apparatus wherein the directivity of infrared 

ray emission can be· selected depending on an object to be 

heated. 
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CLAIMS 
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1. An infrared ray lamp ".omprising: 

at le~st one heating element having a 

substantially plate shape, having recessed portions in the 

vicinities of both ends thereof and formed of a 

carbon-based substance, 

heat-emitting blocks having good conductivity 

.to which· both. end portions of said. heating element are . 

inserted and bonded, 

a sintered substance of an adhesive formed and· 

sintered on the bonding faces of said heating element 

bonded to _said heat-emitting blocks at the regions in the 

viciniti~~ of both end portions indluding the recessed 

portions of said heating element, 

a glass tube in which said heating element, said 

sintered substance of said adhesive and said heat-emitting 

bloc~s are hermetically sealed together with an inert gas, 

-and 

lead wi~es electrically connected to said. 

heat-emitting blocks, the end portions ~f which are led 

out of said glass tubew 

2. An i~frared ray lamp in accordance with claim 

1, wherein a groove is formed in the face of said 

heat-emitting block bonded.to said heating el~rnent. 

3. ·An infrared ray lamp comprising: 

at least .one heating element having a 
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substantially plate shape, having recessed portio~s in the 

vicinities of both ends thereof, and formed of a 

carbon-based substance; 

heat-emitting blocks having good conductivity 

and each split into two pieces, be~ween which both end 

portions of said heating element ar.e sandwiched, 

a sintered substance of an adhesive formed and 

sintered on the bonding faces of •aid heating element 

bonded to said heat-emitting blocks at ·the regions in the 

vicinities of both end portions including th~ recessed 

portions of said heating element, 

a glass tube in which said heating element, said 

sintered substance of s·aid adhesive and said heat-emitting 

blocks are hermetically sealed together with an inert gas, 

and. 

·lead wires electrically connected to. said 

heat-emitting blocks, the end portions of which a.J:e taken 

·outside said glass tube. 

4. An infrared ray lamp in accordance with claim 

3~ wherein a projected portion is formed on a~ least one 

of said heat-emitting blocks so as to be fi.tted i.nto said 

recessed porti.on of said heating element. 

5 . An inf rared ray lamp in accordance with claim 

l, 2, 3 or 4, wherein said heat-emitting blocks are formed 

of a carbon-based sintered substance. 

6 . An inf rared ray lamp in accordance with claim 
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1, 2, 3 or 4, wherein said adhesive is formed of a liquid 

carbon-based substance that becomes a carbon-based 

sintered substance when heated. 

7. A method of producing an infrared ray lamp 

comprising: 

a ste~ of forming recessed portions in the 

vicinities of both ends of at least one heati~g element 

having a substantially plate shape and formed o~ a 

carbon-based stibsta·nce, 

a step of applying a liquid adhesive formed of 

a carbon-based organic·substance to the regions·in the 

vicinities of both ends iricluding the recessed portions 

of said heating element, 

a step of inserting. and bo:Q.ding both end portions 

of said heating element to the end portions of heat­

emitting blocks having good conductivity by using said · 

adhesive, 

a step of drying and firing said heat-emitting 

bl.oaks and said heating el.ement bonded to each other, and 

a step of sealing said heating element and said. 

heat-emitting blocks inside said glass tube together with 

an inert gas, and of taking the end portions of the lead 

wires el.ectrical.ly connected to said heat-emitting 'bl.ocks 

outside said glass tube. 

8. An infrared ray lamp comprising: 

a heating element having a substantially pl.ate 
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shape. the width cif which is larger than its thickness by 

five times·or more. 

a glass tube in which said heating element is 

hermetically sealed, and 

-two electrodes embedded at both end portions of 

said glass tube, electrically connected to both erids of 

said heating element respectively and also electrically 

connected to an external electric circuit. 

9. An infrared ray lamp in accordance with claim 

8~ further comprising: 

two connect~on devices secured to both end 

portions of said heating element respectively and 

electrically connected to said·heating element, and 

lead wires secured to said connection devices 

and· said electrodes so as to pull both ends of said heating 

element at a predetermined tension and used.to 

electrically connect said connection devices to s~id 

·.electrodes. 

10. An. infrared ray lamp in accordance with claim 

9, .wherein said connection device has ·a heat-emitting 

block. the cross-sectional area of which is larger than 

the cross-sectional area of said heating element on a plane 

perpendicular to the direction- of the current flowing 

through said heating element, in order to prevent said lead 

. wires ·from being overheated by emitting heat transmitted 

from said heating element. 
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11 . An inf rared ray lamp in accordance with claim 

8, wherein a reflection film for reflecting infrared rays 

is provided on the internal or external face of said glass . 

. tube so that the emission intensity of said infrared rays 

emitted from said heating element has a predetermined 

distribution. 

12. An inf.tared ray lamp in accordance with claim 

11, wherein said reflection film having a semi-cylindrical 

shape being substantially coaxial. with the center line of 

said heating element in the longitudinal direction thereof 

is provided .along substantially similar length as that of 

the infrared ray emitting portion of said heating element. 

13. An infrared ray lamp in accordance with claim 

11, wherein the cross section of said reflection f il.m has 

a shape formed of a part of a parabola having its focus 

substantially.on the center line of said heating element 

in the longitudinal direction-thereof, along 

substantially similar length as that of the infrared ray 

emitting portion of ~aid heating element. 

14 . An inf rared ray lamp in accordance with claim 

11, wherein the cross section of said ref lectio_n film has 
. . 

a shape formed of a part of an ellipse having one of its 

£ocuses substantially on the center line of said heating 

element in the longitudinal direction thereof, along 

substantially similar length as that of t:t;i.e infrared r~y 

emitting portion of said heating element. 
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15. An infrared ray lamp in accordance with claim 

12. wherein the central portion of the cross secti6n of 

said reflection film is disposed so as to be opposed to 

the wider side portion of said heating element. 

16. An infrared ray lamp in ac.cordance with claiin 

12. wherein the central portion of the cross section of 

said reflection film is disposed so as to be opposed to 

the narrower side .portion of.said heating element. 

17. A heating apparatus provided with an 

infrared ray lamp comprising: 

a heating element having a substantially plate 

shape. the. width of which is larger than its thickness by 

five times or more.· 

a glass tube in which said heating ·element is 

hermet:i..cally sealed. and 

two electrodes embedded at both end portions of 

said gla~s tube. electrically connected to both ends of 

Said heating element respe6tively and also electrically 

connected to an external electric circuit. 

18. A heating apparatus in accordanc_e with claim 

17. wherein said infrared ray iamp further comprises: 

two connection devices secured to both end 

port~ons of said heating element respectively and 

electrically connected to said heating element, and 

lead *ires secuied to said connection devices 

and said ·electrodes so as to pull both ends of sai.d heati.ng 
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element at a predetermined ·tension and used to 

electrically connect said connection devices to said 

electrodes. 

19. A heatin.g apparatus in accordance with claim 

17 or 18, f_urther comprising a reflection plate for 

reflecting infrared rays so that the intensi~y of said 

infrared rays emitted from ~aid heating element has· a 

predetermined direc.tional distribution. 

20. A heating apparatus in accordance with claim 

18, wherein said reflection plate has a semi-cylindrical 

shape being substantially coaxial with the center axis of 

.said infrared ray lamp. 

21. A heating apparatus in accordance with claim 

18, wherein the .cross section of said ref iection plate has 

a shape formed of a part of a p~rabola having its focus 

substantially on the center axis of _said infrared ray l.amp. 

22. A heating apparatus in accordance with claim 

18, wherein the cross section of said reflection plate has 

a shape formed of a part of an ellipse having one of its 

focuses substantially_ on· the center axis of said infrared 

ray lamp. 

23. A heating apparatus in accordance with claim 

19, wherein the central portion of the cross section of 

said reflection plate is dis~osed so as to be oppo~ed to 

the wider side portion of said heating element. 

24. ·A he~tingapparatus in accordance with claim 
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19, wherein the central portion of the cross section of 

said reflection plate is disposed so as to be opposed to 

the narrower side portion 9f sa:f,d heating element. 

25. A method of producing an infrared ray lamp, 

comprising: 

a step of formi.ng a glass tube by f ormi.ng glass· 

into a substantially cylindrical shape, 

a step of hermetically sealing a substantially 

plate heating element; the width of which is.larger than 

its thickness by five times or more, inside said glass tube. 

so.that the center line of said heating element in·the 
. . 

longi.tudinal directi.on thereof is substantially·coaxial 

with the center axis of said glass tube, and 

a step of forming a reflection film for 

reflecti.rig infrared rays· 1.nto a substantially semi-

cylindrical shape on the ex:ternal face of the cylindrical 

shape of said glass tube so as to substantially inclu~e 

the range of the disposition of said heating element in 

the axial direction thereof. 

26. A method of produci.ng an infrared ray lamp,. 

comprising: 

a step of forming a glass tube by forming glass 

into a substantially cyl1.ndr1.ca~ shape, 

a step of forming a reflection film for 

reflecting infrared rays into .a predetermined 

substantially semi-c~lindrical shape on the e~ternal face 



I 1111111 llllll lllll lllll II llll 
* C L M s * 

- 92 -

or the internal face of the cylindrical shape of said glass 

tube, and 

a.step of disposing a substantially plate 

heating element, the width of which is larger than its 

thickness by five times or more, so as to be included in 

the axial range wherein said reflection film is disposed, 

and of hermetically sealing said heating element inside 

said glass tube. 


