22 DEC 2004 - 1 DESCRIPTION Infrared ray |anp, heating apparatus and net hod
of producing the infrared ray |lanp TECHNI CAL FI ELD The present invention
relates to an infrared ray lanp to be used for a heater for hez'y’ pgc?ﬂﬁjéects
and a space heater for heating roons, etc. (hereinafter referred a
heati ng apparatus), nore particularly to an infrared ray |anp having good
functions as a heat source by using a carbon-based substance as a heating
el enent, to a heating apparatus using the infrared ray lanp, and to a

met hod of producing the infrared pagdrargrIBRCKGROUND ART A conventi onal
infrared ray | anp causes a problemwherein its power consunption increases
abnormally after use for a long tinme, and its heating portions fuse and
break in sonme cases. This problemw ||l be described below. As an infrared
ray | anp conventional [nfusettdsay laggi, $eattengappataansdandymkabp diavi ng
a tungsten spiral filanent held at the central portion of a glass tube by
a nunber ofoSuppordixiofgt tihgstiafnasradedayHdwever, the infrared ray

em ssion rate of the tungsten is so low as, 22 DEC 2004 - 2 30 to 39% and
the rush current at the tinme of turning on

TECHNICAL FIELD

The present invention relates to an infrared ray
lamp to be used for a heater for heating objects and a space
héater for heating rooms, etc. (hereinafter referred to
as a heating apparatus), more particularly to an infrared
ray lamp having 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 conventional infrared ray lamp causes a
problem wherein its power consumption 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 infrared 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,



is high. Furthernore, it is necessary to use a nunber of the tungsten
supports for holding the tungsten spiral filanent at the central portion of
the glass tube, and the assenbly work for themwas not easy. In particular,
sealing the plural tungsten spiral filaments in the glass tube il BEGIaN t o
obtain high output was very difficult. In order to solve these problens, an
infrared ray |anp, wherein a carbon-hased substance formed into a rod
shape is used instead of the tungsten spiral filanments as a heating

el enent, hax heers 7 pposedthenyashi enaldent s tsueht ameopyeduirerialgid rared
ray lanp, an infrared ray |anp disclosed in Japanese Published Unexam ned
Patent Appis ¢atdgion, Fubkheatricare Noit Hed nldcod882yappl ue@ hynufmesane
applicant as that of the present invention is available. Since the

car bon- basethsubshgsterhasupphirgls fiod riaoedinay e ssuaysitaere opiz&l o 84%
the infrared ray emssion rate of the infrared ray | anp al so becones high
by usi ng t heiambon- daseidescdstandepas td dreatfi nipechdress tubkeur tdred mires,
since the carbon-based substance has a negative resistance tenperature
characteri stssembéyemork t Boreshsimances vablte elamier s s phettienpeaat ure
rises, the carbon-based substance has a significant characteristic of
capabl e of sedllthggthespitushlctiunasten soveralnkiddmendaniimg tive gRlaES: 20
and 21 are front views showing the 2 2 DEC 2004 - 3 conventional infrared
ray | anp desil¢bed pRdgapditesebtain high output was very difficult.

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 Published Unexamined Patent
Application, Publication No. Hei 11-54092 applied by the
same applicant as that of the present invention is
available. Since the carbon-based substance has a high
infrared ray emission rate of 78 to 84%, the infrared ray
emission rate of the infrared ray lamp also becomes high
by using the carbon-based substance as a heating element.
Furthermore, since the carbon-based substance has a
negative resistance temperature characteristic wherein
its resistance value lowers as the temperature rises, the
carbon-based substance has a significant characteristic
of capable of reducing its rush current at the time of
turning on.

FIGS. 20 and 21 are front views showing the



Publ i shed Unexam ned Patent Application, Publication No. Hei 11-54092,
wherei n the carbon-based substance is used as a heating elenent. Part (a)
of FIG 20 is a view showing the structure of the lead wre taking;guot 0
portion of the conventional infrared ray lanp in which a heating e{errerzlq
200 is sealed inside a glass tube 100. Part (b) of FIG 20 is a partially
magni fi ed view showi ng the connection _ pprtion between the heating el ement
200 and the lead wire 104 of the infrared ray |lanp shown in the part (a) of
FIG 20. Hdavehti®snapaihfahiydaghy fiedpyicew shove ag ihheyagonesget i on

portion between the two heating el ements 200a and 200b and the lead wire
104 of the momyeBhiedndheixdntiaied P4tyntanpplicsticdn | rub Wocheadtdmyoeel enment s
200a and 200b are sealed inside the glass tube. The part (a) of FIG 20
shows the $HeilictU+rB40020n@h@iitk Di tHhe ¢cafbaned aswyd |anps tannd tilBeueklder end
of the infrared ray |lanp has simlar structure. Furthernore, the structure
of the infras edhenay naepesieovn. | rPdt 6. ( 2L oifSFEGT Larig @ vhatv showanign t he
part (a) of FIG 20, except for the connection portion between the two
heati ng . el etleatst 200& uared 0Z0Ah earice 4 dev 1 eadt aiing -k04t shomhibn blfe thiegur e.
As shown in the part (a) of FIG 20, in the conventional infrared ray |anp,
a netal w reond92nwiwmdl ninfaraoed sdppeams iwowidi anoairite 4 hen gnell elhenlte
heati ng el enent 200 forned of a carbon-based substance and fornmed into a
'220EL' 2004 20@ isodeshegde infieddent pbasisohude tID coiBashaped o€t BLIGw re

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 a partially magnified view showing the

connection poftion 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 the structure of one end of the infrared ray lamp,

and the other end of the infrared ray lamp has similar

structure. Furthermore, the structure of the infrared

ray lamp shown in FIG. 21 is similar to that shown in the

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

‘between the two heating elements 200a 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



102 is covered with a netal foil sleeve 103, and this netal foil sleeve 103
is secured to the end of the heating element 200 by crinping. The ] ptiét nel,
|l ead wire 104 formed of a netal wire and having a coil portion 105 wound in
a coil-spring shape in the mddle of the wire is electrically bonded to
one end of the netal foil sleeve 103. One end of a nolybdenumfoil sheet
107 is spot-welded to the other end of jhe internal |lead wire 104.
Furthernore, an external lead wire 108 fornmed of a nolybdenumwre is

wel ded to tied aithepeendrTnt éha polyhdenws fteid cicetsHQped mbe dieatiry
el enent 200, the netal foil sleeve 103, the internal lead wire 104, the

mol ybdenum f®2 |1 skeeate AT wainth 4 he text €oridl sllezdravilos 1% Camiecmetdn
series as described above are inserted into the glass tube 100 and di sposed
therein. Anfonerdl gase 1IUX A saseangeyd tbi thegand @f the hekeing & learired
inside the glass tube 100, the glass tube 100 is fused and bonded at the
portion of 1the wpl ybdapumd.oi IThshaetetldl tlkerdbyiceonpbet fogmad ioH rar ed
ray lanmp. FIG 21 is a perspective view showi ng the inside of another
conventi onatetalr ariee raayd | hapiagyd s howi hgpohetieh r iI06uwewidthe @onnecti on
portion between the two heating elenents 200a and 200b and the netal |ead
wre 104 ofoihesparivenshapa innfhameidddby diamhe vy rehosreiecErGecalldly this
conventional infrared ray lanp has a structure wherein the two heating
el enents 200andad 200bngr @nskafedti2e MECa209D11 sGle¢wneohl 3gl a®net wal (not
shown). In the infrared ray |anp

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, nitrogen 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 conventional 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



shown in FIG 21, coil-shaped netal wires 102a and 102b are wound around
the end portions of the heating elenent 200a and 200b respectively, and
metal foil sleeves 106 are fitted over the wires. The fitted meta?qf@;idq |
sl eeves 106 are secured to the end portions of the heating el enen § L20f9g"
and 200b by crinping. The netal |lead wire 104 having a coil portion 105
wound in a coil-spring shape in the mddle of the wire is electrically
connected to the netal foil sleeves 106. The infrared ray |anps having the

above- mentionege s§rasbUEad ¥R WEHbIRGLar ed tay emfss Hddr ahgSlany nce
their heating elenents are fornmed of a carbon-based substance; but, there

are the foldiowngipr pilcene1 | ncé he-shayesd intiehli wirased o2y dadplhad ng the
structure shown in FIG 20, for the lanp of large wattage of the infrared
ray |anp, tdwd weunfloarvhed ame end gargeonpovEr thenhwyting, e LBRent
coil -shaped netal wire 102 is heated to a high tenperature. As a result,
when the i200aradd Ry aes davt hgellyi,saatirnetanefbs lusedefvars a deoonage ti ne,
the contact resistance of the connection portion anong the heating el ement
200, the cdiitsbédpedenetiat mires.10Zhand itthedretestia didis| ekeevER3 Li0Gcr eases
because of the tenperature rise. The conventional infrared ray |anp
t heref ore hasetdecpreld ¢m dfhealswd npb ritdanngp At th@eheadimarte bampaortts on.
Furthernore, if the tenperature at 22 DEC 2004 - 6 the connection portion
bet ween thezm@alarsmmmaztazlriwmjglg. The metal lead wire 104 having

a coil portion 105 wound in a coil-spring shape in the

middle of the wire is electrically connected to the metalv

foil sleeves 106.

The infrared ray lamps having the above-
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 having the
structure shown in FIG. 20, for the lamp of large wattage
of the infrared ray lamp, that is, for the lamp of a large
power consumption, 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 coil-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 temperature at



102 and the netal foil sleeve 103 rises continuously for a long tine, the
tenperature at the bonding portion nmay rise high and, in the worst case,
the bonding portion may fuse and break. Mreover, the stress cagsebtbiiheat
cycles due to the difference in thermal expansion coefficient between the
heating el enment 200 and the coil-shaped netal wre 102 is added, and the
contact resistance beconmes higher thangthe value at the beginning of use,
whereby the tenperature rise at the connection portion is accelerated. In
addi tion, thetdéenfbewdldl oaft ide efwaeadthéayoi anphlapd dandihel twiordeat i ng

el ements 200a and 200b shown in FIG 21, the follow ng problens are caused.
I n the proregsamiettienmeatadl aulisl of Lébeet W03 datd NG @t eimOba 200 aind 200b
are crinped by using the netal foil sleeve 106, no problemoccurs if the
two heating lLehgmedie 20{lee andmpeia taire cat npre by ral img f pomttiensinody or
conpression force; however, crinping may occur in a state of an unbal anced
t ensi on orrteaphéghi andf,oicethlenwoldset caventtiondlondl ngr pd rrtayo b awgy
undergone crinping in such a way, if the heating el ements 200a and 200b are
heat ed, tHesevwn éatdaly. el Morabye200&hansit 266k eapard b hérewmt lcyclias
different states. For this reason, the inbalance of the tension or
conpreSS|o@uéot@etnﬁﬂdeﬁf363ﬂﬁﬁheatthqrmﬁknmmpsnzomalan@eﬁﬁﬁbnanﬁeases
In the case when the balance in the crinped state is inproper in
particul arbeyweepECh20bgating eieementheleaabdr-haseel heahiapp &imatent s, to
whi ch t he :
: wire 102 is added, and the contact resistance 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 200Db
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 sleeve 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
state of an unbalanced tension or compression force. In
the conventional infrared ray lamp undergone crimping in
such away, if the heating elements 200a and 200b are heated,
the two heating elements 200a and 200b expand thermally
in different states. For this reason, the imbalance of
the tension or compression force applied to the heating

elements 200a and 200b increases. In the case when the

balance in the crimped state is improper in particular,



| arger tension or conpression force is applied, may break. Next, the
probl em of directivity in the conventional infrared ray lanp will be
described below. The infrared ray lanp is used as a heater for hegbiga
objects or for a space heater for heating roons by using radi ant F a4
rays. As this kind of the conventional infrared ray |anp, an infrared ray

| anp having the structure shown in FI-G7 22 is knowmn. FIG 22 is a plan

vi ew showi ng an exanple of the conventional infrared ray lanp. FIG 23 is a
per spect i vena edf shbei egriade-bakedr ddcaingaesp esteowns i ntpl @hi22h theFl GS.
22 and 23, the central portion of the infrared ray |anp can be understood
easi |y fromarteeddsors ponons commee fisipdefopeet 1 srapphoad i navher eadur es,
therefore, the central portion of the infrared ray |lanp is not shown in
either of the figuré¥xThetdenwerebbnal cifnfdbredt iy tvarn shban in FI GS.

22 and 23 conprises a substantially cylindrical glass tube 201, netal foi
sheet s 205 c@fjeridedong b BxEe oF &YoRremMWihe @@a@@Spmm?qnmbeéoweat|ng
el enent 240 hernmetically sealed inside the glass tube 201 and internal |ead
wires 204. The heat iR elBAERTFU-FE A3F@sildt dhtedwirfe af BARS Tof OFi chr one
or tungsten and wound in a coil _shape. The internal |ead wires 204 are used
to connecthﬁﬂ?ﬂ%ﬁd%bdﬁCQQK??mﬁﬁ¥n@ EP@&%Hh%ﬂﬁF?ofPﬁehﬁﬁQﬂn$oFP°§ﬁeets

205. As 2 2 DEC 2004 - ares t he heati n elenent 240 is electrically
by using radlant in rare rays. s this kind of the

conventional infrared ray lamp, an infrared ray lamp
having the structure shown 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 easily from the descriptions on both side
portions shbwn in the figures, therefore, the central
portion of the infrared ray lamp is not shbwn in either
of the figures.

The conventional infrared ray lamp shown in FIGS.
22 and 23 comprises a substantially cylindrical glass tube
201, metal foil sheets 205 embedded in both end portions
of the glass tube 201, a heating element 240 herﬁetically
sealed inside the glass tube 201 and internal lead wires
204. The heating element 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



connected to the netal foil sheets 205 and pulled properly by the internal

| ead wires 204 on both sides, thereby secured stably. At this tinme, the
center axis of the coil-shaped heating elenent 240 is di sposed so 7 E be
substantially coaxial with the center axis of the cylindrical gla§g~p gé%A
201. As shown in FIGS. 22 and 23, the external lead wres 206 are connected
to the netal foil sheets 205 on both sigles respectively. Wen a voltage is
applied across the external |ead wires 206 taken out from both sides, a
current fl eanscesmotigh tthee heating elomant22@0 arsl dkattrgermerhyes fromthe
heati ng el enent 240 owng to the resistance of the heating el ement 240
correspondigapnecthd teuthemetal fihnis sheetsi 2baard pwltedrerenetrtiad from
the heating elenment 240. Part (a) of FIG 24 is a graph of the distribution
curve 270 d&fy ttheei Angregingl otende Wirfeair 284r ays it eddefsr.onthéeehyat i ng

el ement 240 of the infrared ray |anp showmm in FIG 23. Part (2% of FIG 24
is a cross-sERiToefal baky - shHowi hishd iger t | bBheh@@nie ¥ hexheatd gt e enent
240 of the. infrared ray lanp shown in FIG 23. The x and y axes shown in
the parts (@®1hnd@hgprdbhqatangsedeacdtt Hydndf déemfiethit 80aRéstonbe pl ane
perpendicular. to the axial direction of the heating el ement 240 shown in
FIG 23. |Fulfkapiied (H)censied) Wit ghe2gentir ofkdith OF cor® esponds 2 2

DEC 2004 - 9 _to.the center axis of the heating elenent 240. In the graph
cylindrical 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 avoltage 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 corresponding 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 intensify 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 ray 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
direction of the heating element 240 shown in FIG. 23. In

the parts (a) and (b) of FIG. 24, the origin 0 corresponds



of the part (a) of FIG 24, the values in the radial directions designate
the em ssion intensity of the infrared rays, and the values in the
circunferential directions designate angles with respect to the cepfer j
axis on the plane perpendicular to the axial direction of the heating

el ement 240. These angl es are designated by angles fromthe positive
direction of the x axis. Wien a constantg voltage was applied to the heating
el enent 240, the anmount of the infrared rays reaching a mnute area at a
constant ditst &hececéntmrt Ariscefittdre hrias i(re prlesem ed 49. t Hen ahieggna@hof FI G
24) of the heating el enent 240 was neasured, whereby the intensity

di stributi v cuheep27C wes) obfaFA&d. %&. | hdecataddidy Lhe tivet ersitigl
distribution curve 270 in the part (a) of FIG 24, the infrared ray |anp
240 enits difeatddnsaykedngaplkedithectémhssaonsubstansislyl w£ stitné | ar
intensity. This results fromthe fact that the cross-sectional shape of the
heati ng el emehtrazad raysubzhanting 1Ya byedein ddle wikcpradfgsmntbalts axis
and has a circular shape as shown in the part (b) of FIG 24. By the
equal | y di S¥Teaféansnidaiednedfs @ateedvitR A9SRREEctPotfiantcenter
substantially simlar intensity as _described above, heat is transmtted
fromthe he%?flr?lgoneqté‘?r(ﬁﬁa‘?@f@%%??ﬁ@l&ﬁ]ﬁ%et%rﬁﬁ%sae’ﬂl%% heaectherolfsi de

and the surroundi ngs. 2 % DEC 2004 - 10 In the conventional infrared ray
| anp strwﬂﬁﬂ%xpea ing 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 a constant distance from the
center axis (represented by the origin 0 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-sectional shape of the heating element 240 is
substantially symmetrical with respect to its axis and has
a circular shape as shown in the part (b) of FIG. 24.

By the equally distributed infrared rays emitted
in all directions atrsubstantially similar intensity as
described above, heat is transmitted from the heating
element 240 to the outside and used to heat the outside

and the surroundings.



as described above, in the case when it is desired to give directivity to
the em ssion intensity of the infrared rays, a structure is known ﬁ\{ﬁr% n
an infrared ray reflection plate is installed outside the infrarled anp
for exanple. FIG 25 is a perspective view show ng an exanple wherein an
infrared ray reflection plate 280 is provided for the conventional infrared
ray |l anp and showi ng the positional rehati-onship between the infrared ray
lanp and the infrared ray reflection plate 280. The infrared ray

reflection plate 280 hasthe semveytindralcah felaamred ard Lempds spusedimeahxi al | y
with the heating element 240 so as to surround the half of the heating

el ement 240as Fgscrapedf abpGe 260 $he gagshvwofent HE disseisbumeadrio @irve 271
of the intensity of the infrared rays emtted fromthe infrared ray |anp
havi ng t he ¢hr¢§|técrirtaxytOr‘éhiﬁefdﬂ%ﬁippai@teagitl?a@tf e igff iR d2mys. a
cross- sectional view showi ng the portion having the heating elenment 240 of
the infrared §BYUF&AMFehad\d Aghone ngﬁrr@rléu ap ayn?-@ﬁlr@& iy pref eegdd-ghown in
FIG 25. The.x and y axes shown in the parts (a) and (b) of FIG 26 are

or t hogonal P%%Bfedllﬁatlélsa*&%%léﬁ é"bﬂ%ﬁ‘éepéhﬁeﬁd}mﬁﬁdt &3thel #%P af o Idi r ect i on
of the heating el ement 240 shown in FIG 25. The direction opposed to the
reflection $52BPdf the infrared ray reflection plate 280 is defined as the

negati ve 22 DEC 2004 41 i fectiion ol Lhe x axls, JL3,505 B Lgal@hand (@

wherein an infrared ray reflection plate 280 is provided
for the conventional infrared ray lamp and showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate 280. The infrared ray
reflection plate 280 has a semi-cylindrical shape and is
disposed coaxially with the heating element 240 so as to
surround the half of the heating element 240.

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-
sectional view showing the portion having the heating
element 240 of the infrared ray lamp having the infrared
ray reflection plate 280 shown in FIG. 25. The x and y
axes shown in the parts (a) and (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



26, the origin O corresponds to the center axis of the heating elenent 240.
In the graph of the part (a) of FIG 26, the values in the radi al
directions represented the emission intensity of the infrared rays, @ELd20Ppe
values in the circunferential directions represented angles with respec

to the center axis on the plane perpendicular to the axial direction of the
heating el ement 240. These angles are designated by angles fromthe
positive direction of the x axis. In the part (a) of FIG 26, the

concentri c gprndatiomsoifntiheaki agishe ém $kieopairtserfsi)t wnddwe tofe Fdahe

val ues of the gradations shown in the part (a) of the above-nentioned FIG
24. I n addi1% ontheherimimod ebPrresnendg the tdrg sseépheirntastiss t 9Li $htehe sane
as that in the case shown in the part (a) of FIG 24. As shown in the part
(a) of FIGheosgtipyg pleveditng40t-he Imfthe adardy afeftber piagit (laat @ 28G.G -
infrared rays are emtted intensely only on one side of the infrared ray
lanmp, wit Qhetbési"?ll\vlésdllrfbc'ﬂl%nréfiltaﬁe @elfa@@‘éla§édr@§1t¢ﬁzen*ééﬁt gmhe As
descri bed above, in the conventional infrared ray : i s indicated
that the erfB3FBACHF LHENSHE4r 0 tP§y§qﬁﬁ9¥§6tFéﬂﬁy|%ﬂ%n%¢?yvé#§ﬁﬁtnnlon
in all directions. For this reason, in order to give directivity

i nfrared raJy“étrﬁes§|l(¥rFu“?§e¥§nﬁé@és§éFy?ctt01‘b?%\Fi‘ﬂér?ﬁéntlerﬂ‘ F‘&Héd’—sr wth

refl ection Lpl ate out5|dg the infrared raX 7 DEC 2004 - 12_.la
espect to the center axis o he 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. 1In 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 thé above-mentioned FIG. 24. In addition, the
method of measuring the emission 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 reflection plate 280, infrared raysvare
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, in the conventional infrared
ray lamp, it is indicated that the emission of the infrared
rays has isotropic intensity distribution in all
directions. For this reason, in order to give directivity
to infrared ray emission, it is necessarv to provide the

infrared ray reflection plate outside the infrared ray



However, the infrared ray reflectivity of the infrared ray reflection plate
is apt to be | owered because of aging and the adhesion of stains. As a
result, the intensity distribution of the infrared ray em ssion becones
different with the direction of the emi ssion. Furthernore, as the ihf Dafeg,
ray reflectivity lowers, the anount of the infrared rays absorbed by the
reflection plate itself increases. |+ Lhis kind of heating apparatus is
used for a long time, em ssion efficiency |lowers, and unexpected parts will
be overheatleP Furthernore, the emission intensity distribution obtained by
providing the sem-cyli ndrical infrared ray reflection plate for the
infrared ray lanp haletigvere a‘l:?b@delﬁﬁﬁﬁir@ﬁ%dfar%o??'ébieétérﬁls%Yoﬂfi fhénsity
distributions in all directions is substantially the sane in a w de range
on one si de-Hnr FEAEIBRY 852 Sheft il PR frals apd) torPFIlQvWeBS AReCRHSS
reason, in the conventional infrared ray |lanp, an attenpt to_increase the
enission %t eREiPy AR Wb‘?eafipﬁsﬁé{f’r ahgetand o detrdaSestid - itiensity

i n other es in order to enhance directivity is difficult. As a result,
in the caselrﬁmﬂ sThe Cmbnt SORZP e S abPAFRTAR S 1 445 Fhcal  zec
heating, t r obl eg %ff | ow eat 't Lenc occuré ﬁ)l SCLQSURE OF

| NVENTI ON o eﬁ%“ THe B € "ﬁt Hﬁ% ti%h %5 FREefdEF IHORol ve the

above- ment IEOL{]PghQJE:%%lr%n,B a%nghgl JS.I(%flrralltreé:dfj%glyt ge rloevc! tdf'\VJa.‘ty lowers, the

amount of the infrared rays absorbed by the reflection
plate itself increases. If this kind of heating apparatus
is used for a long time, emission efficiency lowers, and
unexpected parts will be overheated.

Furthermore, the emission intensity
distribution obtained by providing the semi-cylindrical
infrared ray reflection plate for the infrared ray lamp
having the above-mentioned isotropic emission intensity
distributions in éll 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 increaée the emission
intensity in a more limited range and to decrease the
intensity in other ranges in order to enhance 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



highly reliable infrared ray |l anp wherein its power consunption does not

i ncrease during use for along time and its heating portions are prevented
fromfusing and breaking after use for a long tinme. The present invention
is further intended to make the effect of the reduction of the r@ﬂl@ﬁi%&ﬁty
of an infrared ray reflection plate on the directional distribution of the
em ssion intensity of infrared rays.lgwer. than that of the conventi onal
infrared ray |l anp, and to make the directivity of the emssion intensity of
infrared rays hi gher Theaprasdn bf invhe tdondrd iionté ndaflr avedorlaye [tamp. The
present invention provides an infrared ray |anp and a heating apparatus
wher ei n t hebewessgieot iomedsprpbdfensfamdedlsayd nteasdedr eot pwiotwi dw t dout
using any reflection plate, and also provides a nethod of producing the
infrared rlayghdgpreAnidbleaied nayed anpyi A aaqr ovdamed nwiiths t hbewepr esent
invention conprises: at |east one heating elenent having a substantially

pl at e shapeonhuviprig aectesednpbr ihemsdse tdwringciaet feg of liootch teiule

t hereof and forned of a carbon-based substance, heat-emtting bl ocks having
good condugkflviity hertwhnghPiodtti@hel poet ipdissv ot ede fivam i hgsehgmandare
inserted and bonded, 2 2 DEC 2004 - 14 a sintered substance of an adhesive
formed andbrepki@%eafsen HEa Aoer2ilrartdmdndi igefREeseslt LAFCRdat9Mg

is further intended to make the effect of the reduction
of the reflectivity of an infrared ray reflection plate
on the directional distribution of the emission intensity
of infrared raysvlower 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 intensity of infrared rays
has directivity without using any reflection plate, and
also provides a method of producing the infrared ray lamp.

An infrared ray lamp 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
to which both end portions of the heating element are

inserted and bonded,



el ement bonded to the heat-emtting blocks at the regions in the vicinities
of both end portions of the heating elenent including the recessed portions
thereof, a glass tube in which the heating elenent, the sintereqafgbgﬁﬁwce
of the adhesive and the heat-enitting blocks are hernetically seafed
together with an inert gas, and lead wires electrically connected to the
heat-em tting bl ocks, the end portions ¢f which are led out of the glass!
tube. Wth this structure, in the infrared ray |l anp, the recessed portions
are provided in the vacshhteeedfsutdotdneadsfobnt hdhearbon-based dsulhst ance
used as the heating elenment, and the areas of the contact wth the heat-
emtting blsickseved ¢heltaribone baised adidsovédiagef aicesy edstde whetelhy t he
resi stance of the contact can be reduced, heating due to the resistance of
t he cont acteloamenbebordedi tbetheaneathemtianpien atbil esksf athehé eaelgnbnes
installation portions at both end portions can be prevented from becom ng

| ocal |y higin seaviedulittiegacodr diotg tend hpoprtadsens ©Avéhte drgatings
possible to prevent the lead wire installation portions fromfusing and

br eaki ng owilrmentt haalarper at tihe mMesressedhpopdriomasthemeodddi ti on, since
the recessed portions in the vicinities 22 DEC 2004 - 15 of both ends of
the heating el enent atedifFFedukict i1t e igarbon- basdd netfesswenty héheitting

or bondi ng between the _ )
sintered substance 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, the end portions of which are led
out of the glass tube.

With this structure, in the infrared ray lamp,
the recessed portions are provided in the vicinities of
both ends of the 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
redu;ed, 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 becoming 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 portions.

In addition, since the recessed portions in the vicinities



heating el ement and the heat-em tting bl ocks becones closer, and the
strength of the bonding is enhanced. As a result, in the infrared ray |anp
of the present invention, stress due to heat can be absorbed, and éd%&i&ﬁﬁb
heating can be prevented. An infrared ray |lanp from another viewpoint in
accordance wth the present invention conprises: at |east one heating

el ement having a substantially plate-shspe, having recessed portions in the
vicinities of both ends thereof and formed of a carbon-based substance,
heat - eni t t iafg W} Orkenfavedg tdoodrcahdogt ediemen andreadh ISk d twihhothwo

pi eces, between which both end portions of the heating elenment are

sandwi ched,carxomt epegdsadbeaices oft hn fddhebngeo F romdiagdbe sWatar &éeon t he
i nsertion and bondin% faces of the heating elenent bonded to the

heat - enmi t t ihfp bl g ks lemeamie 2rodi 6he henpt hemiitdiimgieioegkshdar@nesporti ons
of the heating elenent including the recessed portions thereof, a glass
tube in whiciP 9. heati hhceréFemgt el thatepadigubstatEndiCeHe adlfesi ve
and the heat-emitting blocks are hernetically sealed together with an inert
gas, and | éalefitdds &Rddt? ildiT3L eOfretdedn 6t heerpepeptogpyention,

heat-em tting bl ocks, the end portions_of which are taken outside the glass
t ube. stress due to heat can be absorbed, and abnormal heating

can be prevented.

An infrared ray lamp £from another viewpoint 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 pieces, 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

lead wires electrically connected to the



Wth this structure, in the infrared ray |anp, the heating elenent is
bonded to the heat-emtting blocks by pressure contact; then, si nge] DEC
accurate disposition at predeterm ned positions for fitting is not* 2004
requi red, assenbly work can be carried out easily, and the cost of
production can be reduced significantly. Method of producing an infrared ray
lanmp in accordance with the present Lnygntion conprises: a step of formng
recessed portions in the vicinities of both ends of at |east one heating
el ement haveay-amlthsiranthlad dlys pl e shapsoanioher oEdwhiich acear harehmsed
substance, a step of applying a |liquid adhesive fornmed of a carbon-based
organi ¢ substastdet ahtchegXagsonsabien the vicinities of both ends of the
heati ng el enent including the recessed portions thereof, a step of
inserting and bondi ngWbbtthhtérg pdtuongreof inhéhkkedmnfimpeédneay Lemphe end
portions of heat-emitting blocks having good conductivity by using the
adhesi ve, atkedpeatidoyéhgmand flisr bngdehk tipefhechetttiregni bt dboksb andkishe
heating el enent bonded to each other, and a step of sealing the heating
el ement andPy reré@anrentenit@s i ddkeni nsideet fecyinastse tdiberedgstioar atith an
inert gas, and of taking the end portions of the lead 2 2 DEC 2004 - 17
Wi res el ectPFedpltprddmisttRYSLE 1o Heal - EXLingy bFoBRE rEkiEedthe gl ass
t ube.
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 invention comprises:
a step of forming recessed portions in the
vicinities of both ends of at least one heating element
having a substantially 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
viéinities of both ends of the heating element including
the recessed portions thereof,
a step of inserting and bonding both end portions
of the heating element to the end portions of heat-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 glass tube together with

an inert gas, and of taking the end portions of the lead



Wth these steps, the infrared ray |lanp has high reliability by not raising
its power consunption abnormally during use for a long tine and by2 C
preventing its heating portions fromfusing and breaking after use %QF 04
long tine. An infrared ray |anp from another viewpoint in accordance with
the present invention conprises: a heating elenent having a substantially
plate shape, the width of which is larger.than its thickness by five tines
or nore, a glass tube in which the heating elenment is hernetically seal ed,
and two el edtresded eentbeilded 15t choine ened pos ttiioashod t - the tdliass dLubeks
electrically connected to both ends of the heating el enent respectively and
al so el ect pudaide tbangdteesk tbula.external electric circuit. Wth this
structure, the em ssion intensity of the infrared ray |anp becones a
maxi mrum val ue i n the With dkrese gliepst i tme oinf herkdatragglenpneas mhdhbecones
negligibly small in conmparison with the maxinumvalue in the width
di rection. rAlhedi hijt¥ppar atas Faladowr daneepwiwelr tdrenspmpséen i nventi on
conprises: a heating el ement having a substantially plate 2 2 DEC 2004 - 18
shape, theahindtimailvhieling [uggeforhanliong tthircknekd by pfriewent g or
nor e,
. 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 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 to an external electric circuit.

With this structure, the emission intensity of
the infrared ray lamp 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.

A heating apparatus in accordance with the

present invention comprises:

a heating element having a substantially plate



a glass tube in which the heating elenent is hernetically sealed, and two
el ectrodes enbedded at both end portions of the glass tube, electrically
connected to both ends of the heating elenment respectively and aIsoZ}?DEC2m4
electrically connected to an external electric circuit. Wth this
structure, the emssion intensity of the infrared ray lanp in the heating
apparatus becones a maxi numvalue in_tpg thickness direction of the heating
el ement and becones negligibly small in conparison with the maxi mum val ue
in the wdidhab&ecthonyibar ebywhavhngs dafeeidt WHan A srefihDekak sy eguci ng
an infrared ray lanp from another viewpoint of the present invention
conprom sefivea simrpsoforf aidrag a gl ass tube by formng glass into a
substantially cylindrical shape, a step of hernetically sealing a
substantially plate deglasg elwnentin whdol dtie ofewftiicly islémeger tdhan its
t hi ckness by five tinmes or nore, in the glass tube so that the center line
of the heathewnetoeitly rsddkedl oagid udi nal direction thereof is
substantially coaxial wth the center axis of the glass tube, and a step of
formng a reflection fvbmiertrogidsecnbridafdratcothysndmorfismssodntial |y
sem 2 2 DEC 2004 - 19 cylindrical shape on the external face of the
cyl i ndri calthslgdpes ft uthe, §lastribeldy gaonne studbd ttanbiodlll gnidwr lofdéhiehe
heating element respectively and also electrically
connected to an external electric circuit.
With this structure, the emission intensity of
the infrared ray lamp in 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 ray lamp from
another viewpoint of the present invention compromises:
a step of forming a glass tube by forming 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, in the glass tube so
that 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-



range of the disposition of the heating elenent in the axial direction
thereof. Wth this structure, the sem-cylindrical reflection filnkg?ﬁ Be
formed easily by using the cylindrical shape of the glass tube. A 66l 261
producing an infrared ray lanp from still another viewpoint of the present
invention conprom ses: a step of formng a glass tube by form ng gl ass
into a substantially cylindrical shape, ;g step of formng a reflection film
for reflecting infrared rays into a predeterm ned substantially

sem - cyl i ndeyrahdshepd ehdfe caxtterenalk tfeaneal dfatbeof ites retl fmdeiek 1t he
cylindrical shape of the glass tube, and a step of disposing a

subst anti aldlyapéai® thealags dl @nertq asheéonwsdbls ttdntwhathyi sntaoger thiean its
t hi ckness by five tinmes or nore, so as to be included in the axial range
wherein thearedéeofi dind idbspesditsposedf taed hefathengetilealdnt seal theg t he
heating el ement inside the glass tube. Wth this structure, the

sem -cyl i ndiital diefladctiomnthelrmodan be forned easily even on the internal
face of the glass tube by using the cylindrical shape of 2 2 DEC 2004 - 20
the glass tube. Wil eWihé& ndvid $batgtegenf the sewdntdohiadgical

reflection f£ilm 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 forming a glass tube by forming glass
into a substantially cylindrical shape,

a step of forming a reflection f£ilm for
reflecting infrared rays into a predetermined
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 this structure, the semi-cylindrical
reflection £film can be formed easily even on the internal

face of the glass tube by using the cylindrical shape of



set forth particularly in the appended clains, the invention, both as to
organi zati on and content, will be better understood and appreciated, glngta%
with other objects and features thereof, fromthe foll ow ng detail eozk 004
description taken in conjunction with the drawi ngs. BRI EF DESCRI PTI ON OF
DRAWNGS FIG 1 is a front view showng the structure of the lead wre

taki ng-out portion of an infrared ray-lagp- in accordance with a first
enbodi ment of the present invention; FIG 2 is a partially nmagnified view
showi ng t heeheoghesti dmlporti on of the heating el enent and the

heat-em tting block of the infrared ray lanp shown in FIG 1; FIG 3 is a
partially magnified VWehklehdhiengnehel Eemtastednopothieorinofen hiéoheatrieng

el enent and the heat-emitting block of an infrared ray | anp havi ng anot her
structure iSeactorddneamiiteuips v rist ehbodPpended cheimsr.eseme invention;
FIG 4 is a partially magnified view showi ng the connection portion of the
heating el effef@nAAGNhE@OHeaAS kPt PrAGNEIZFki @R aRdi gomdrait r ayildmPehavi ng
still another structure in accordance with the first enbodiment 2 2 DEC
2004 - 21 -botteReupdeseiiorAvend GpPrreiateids 2¥epat Whtdw SHedFng t he

structure of _the lead wire taki ng-out fportion of an_infrared ray lLa
objects and features thereof, from the following detaile

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.
1;

FIG. 3 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 first embodiment of the
present invention;

FIG. 4 is a partiall;y 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



in accordance with a second enbodi nent of the present invention; FIG 6 is
a partially magnified view showi ng the connection portion of the heatin

el enent and the heat-emitting block of the infrared ray |anp shovmzerEﬁI%@&lz
5 FIG 7 is a partially nmagnified view showi ng the connection portion of
the heating elenent and the heat-emtting block of an infrared ray |anp
havi ng another structure in accordance,wi th the second enbodinment; FIG 8
is a partially magnified view showi ng the connection portion of the heating
el ement andf heheheatesumt t ingehltdakn of an infrared ray |anmp having still
anot her structure in accordance with the second enbodinent; part (a) of
FIG 9 is a plan viewihBowbnjjsaa frohtavedw ahdwainpg ithacctordanaeendath a
third enbodi nrent of the present invention, and part (b) of FIG 9 is a
front viewvhéeread; wkr€ taBing -copergpettiione ofi em shoiwagefheayi Afamgr ed ray
| anp in accordance with the third enbodi nent of the present invention; part
(a) of FIGirmla¢soadgraph whov ag stedweo2d 2eDBC Ri0ent G2 tdiestprdaeindn curve
of the intensity of the infrared rays emtted fromthe heating el enent of
the third ewboenfden: and part (b) of FIG 11 shows the cross section of

t he
FIG. 6 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.
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 pa'rtially 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 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. ij;a front
view thereof:

FIG. 10 is a perspective view showing the
infrared ray lamp in accordance with the third embodiment
f the present invention:

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



central portion of the infrared ray |lanp of the third enbodinent; part (a)
of FIG 12 is a plan view showing an infrared ray lanp in accordan%f 3ith a
fourth enbodi nent of the present invention, and part (b) of FIG 12 ? JEB 2004
front viewthereof; FIG 13 is a perspective view showing the infrared ray
| anp in accordance with the fourth enbodi nrent of the present invention;

part (a) of FIG 14 is a graph showi ng 2he- distribution curve of the
intensity of the infrared rays emtted fromthe infrared ray |anp of the
fourth enbadisenibutand gamtve B ofhél i teasshone ft Hdherigstraeed oaysf t he
central portion of the infrared ray lanp of the fourth enbodinent; part (a)
of FIG 15 damsifat pflafiroinetne Hoaw hgnane lienfaral of tde tdmrd emdredidande with a
fifth enbodi nent of the present invention, and part (b) of FIG 12 is a
front viedntheradbt; (PIGOLEF IS alderdpeesi thevicap shoferditare ofnthgred ray
| anp in accordance with the fifth enbodinent of the present invention; part
(a) of FIGCeIvtyalapgrdpPshehi ffet HfrargdpEpewooamp of23heyi §hirButi on
curve of the intensity of the infrared rays emtted fromthe infrared ray

| anp of the®R9ehMentadi nent, and part (b) of FIG 17 shows the cross

section of the . . .
part (a) of FIG. 12 is a plan view showing an

infrared ray lamp in accordance with a fourth embodiment
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 lamp in accordance with the fourth embodiment
of the present invention;

part (a) of FIG. 14 is a graph showing the
distribution curve of the intensity of the infrared rays
emitted from the infrared ray lamp of the fourth embodiment,
and part (b) of FIG. 14 shows the cross section of the
central portion of the infrared ray lamp of the fourth
embodiment;

part (a) of FIG. 15 is a plan view showing an
infrared ray lamp in accordance with a fifth embodiment
of the present invention, and part (b) of FIG. 12 is a front
view thereof;

FIG. 16 is a perspective view shoWing the
infrared ray lamp in accordance with the fifth embodiment
of the present invention:

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



central portion of the infrared ray lanp of the fifth enbodinent; FIG 18

i sta perspective view showing the positional relationship betmeen thﬁZDEﬁzwA
infrared ray lanp and the infrared ray reflection plate of a heating
apparatus in accordance with a sixth enbodi nent of the present invention;
FIG 19 is a perspective view showing the positional relationship between
the infrared ray |lanp and the infrared y reflection plate of a heating
apparatus in accordance with a sevenfh:%%bodlnent of the present

i nvention; Eaétglooﬁ&anpeﬁ&w o %wesfl%éwsibg §:tfr’c'ﬁéu£ﬁfr%f1'etd1§alye'sad Wre

t aki ng-out portion of a conventional infrared tay |anp
partial vi ewm&fioa/am:t&etﬁteryﬁf%%edo}aszhfaxhﬁa& \ennreefmlew&meaala%tﬂ on of a
conventional infrared ray |anp wherein two heating el enents are sealed in

a glass tubgndFlfar®2(by dPlrErG Vi ew shewW N0t Re COPYERL isdd i ohNbEAKSE ray
| anp; FIG 23 is a perspective V|em15homnng the conventional infrared ray

lanp; r 2 2cRE Z004porR4ornpayt €8¢ Qhflldeed4rd§ 2agipARIE SHRW ﬂgftclhe

dlstrlbutlon curve of the intensity of the infrared rays
embodiment;

FIG. 18 is a perspective view showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate of a heating apparatus
in accordance with a sixth embodiment of the present
invention;

FIG. 19 is a perspective view showing the
positional relationship between the infrared ray lamp and
the infrared 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;



emtted fromthe heating el enent of the conventional infrared ray [anp, and
pagt (b) of FIG 24 shows the cross section of the central portion of the

infrared ray lanp shown in FIG 23; FIG 25 is a perspective vie §fq¥\y2§@
the positional relationship between the infrared ray reflectionwfala e and

the infrared ray lanp in the conventional infrared ray |anp; and part (a)
of FIG 26 is a graph showing the distribution curve of the intensity of
the infrared rays emtted fromthe convghttonal infrared ray |anp provided
with an infrared ray reflection plate shown in FIG 25, _and part_ (b) of
FIG 26 shows the cr osgaggc_t(iao)n ‘gﬁ FHE- _@éntJTSalap%F?PBn s Hed| hPPared ray
L2 shoun 1, LG p2% i bkl ber [Sgoa et ol 30U 0L Al Slothens o,
101 Mecessar by JER Heolio g Halue o AL i80Sl BR, A SSBLL 203 00 A1

crboul et s P Prl EALCabaY baMPafils B hEUAALCY Do e ARSI 11,
{1 poCOMPaLRRH Y W9 JodyDFE, 8981 corl e R LR PERIRI T R e
with a first,erodifeRdc. 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

part (a) of FIG. 26 is a graph showing the
distribution cufve of the intensity of the infrared rays
emitted from the conventional infrared ray lamp provided
with an infrared ray reflection plate shown iﬁ 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

Preferred embodiments 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.



of the present invention, and shows the structure of the lead wre

t aki ng-out portions of the infrared ray lanp. FIG 1 shows both end
portions of the infrared ray lanp of the first enbodinent. Si nce? SEC 2004
central portion has a continuous structure connecting both end po l]l ons2
the central portion is not shown. As shown in FIG 1, in the infrared ray
|l amp of the first enbodi nent, a heating elenent 2, heat-emtting blocks 3
and internal lead wires 4 are sealed i-n2&% glass tube 1. The internal |ead
wire 4 is conngcted to an exterpal lead wire 8 via a nol ybdenum foil sheet
7. The plate ¢ b¥ Fig e@lb@tEreenRtseal ed in the glass tube 1 is formed of a
car bon- based substance consisting of a mxture of crystallized carbon such
as graphite, a resi stgﬁ(% Vialfe @ Adjodst vetY UMY ARde Eﬁdséﬁb‘ﬁﬂﬂﬂ’s o(,far bon.
This heatin el enent has_a pl ate shape neasuring 6 mmin w dth, O. nm
i n thicknes ahﬂf§663rﬂTFPi¥ L 8Rgt hnfaFcexdapice W?ﬁél ah%éFsén‘F’f‘PPﬁg}“ﬁlndbk 3is
formed of a conductl ve material and electrically connected to one end of
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be 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 aré 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 element 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
element 2 has a plate shape measuring 6 mm in width, 0.5
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
element 2 by a method 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.



el ectrically connected thereto. The spring portion 6 of the internal |ead
wre 4 is disposed away fromthe outer peripheral face of the heat-emtting
block 3 by a predeterm ned distance and is structured to expand ang L a0
contract so that the di nensional change of the heating elenent 2 d g[hg‘zp(%s
expansi on can be cancel ed and absorbed. At the sealing portion |Ic of the
infrared ray lanp of the first enbodinggt, the internal lead wire 4 inside
the glass tube 1 is connected to one end of the nolybdenumfoil sheet 7,
and the other end of AbesmawthdemupT&oill ,sheed doiis @eECcséedst 6 ft hde
external lead wire 8 FIG 2 is a partially magnified perspective view
showi ng theidtéthag deul twbneofs tihe heahdng iejrehept ol am@d dieer
heat-em tting block 3 in accordance with the first enbodiment shown in FIG
1. As showpéniphéral, facd idf Imeilsebormrdi tatihebtenken eb ame tenteporti on
of the heat-emtting block 3. On the other hand, in the vicinity of the
end portiorebéctirécladdty nprelecentl 2hexegrooverRa sexiagdpog tiom &diofect i on
perpendicular to the insertion direction of the heating elenent 2 (in the
direction thelitatednlayl tileadrwiomei © £ Gli8ppsiesd fawapdfréur therooter 2 2 U
u 2004 27 in the vicinity of the groove 2a of the heating elenent 2, an
adhesi ve 9 perappeired. fihee hedt itig dieatnend ftormedblpgkt B owmay i s
structured so that it is inserted into the

predetermined distance and is structured to expand and

contract so that the dimensional change of the heating

element 2 due to its expansion can be canceled and

absorbed.

At the sealing portion 1lc of the infrared 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 apartially 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

indicated by the arrow in FIG. 2) is formed. Furthermore,



slit 3a of the heat-emitting block 3 and secured to each other. The
adhesive 9 applied to the heating elenment 2 is fornmed of a carbon-based
substance that is converted into a mxture of crystallized carbon spgmr%§%4
graphite and anorphous carbon when heated to a high tenperature. In

first enbodiment, the heat-emitting block 3 is forned of graphite haV|ng
good conductivity. Furthernore, in they,first enbodinent, the internal |ead
wire 4 is forned of a tungsten wire having a thernal expansion coefficient

approxi mat elry ©gelalik@ntifet of €@ bgho oklANeNLro £ Ot REM helRlidlg W I 8fenUCh as
nmol ybdenumwire and titaniumwre, may be used as the internal lead wire 4,

if no problemagcadhesive Beals appilSteance THe WX &t DfgedYemnentent So rmba
external lead wire 8 is formed of a nolybdenumwire. In the infrared ray

| anp of theid ivisis erdbpdisrent ructheeieato emdt iing i dakserteacinse- thkt ed via
the adhesive 9 in the vicinity of the end portion of the plate heating

el ement 2 asl ilesz4i bedtaboNeatl-ruaiddt 1 hgnblblké& Goiand perdupadStof ebbd
internal lead wire 4 is wound tightly on the heat-emtting block 3 and
secured therttieor.In this way, the heating elenent 2 is electrically
connected to the internal lead wire 4 via the adhesive 9 and the 2 2 D EC
2004 - 28 heat-emttThg bhHbelsidre Ih &belimtderinal theadewitrisngl, el deenend
portion of the spring portion 6, the wi nding dianmeter of which is |arger

t han t hat dfiﬁhéqnmddpnimignnﬁonsbased substance that is converted

into a mixture of crystallized carbon such as graphite and
amorphous carbon when heated to a high temperature. 1In
the first embodiment, the heat-emitting block 3 is formed
of graphite having good conductivity. Furthermore, in
the first embodiment, the internél 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 wire,
maybeusedasfheinternalleadwire4,ifxu)problemoccurs
in heat resistance in working environments. The external
lead wire 8 is formed of a molybdenum wire.

In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 is close-fitted via the adhesive
9 in the vicinity of the end portion of the plate heating
element 2 as described above. 1In addition, the coil
portion 5 of the internal lead wire 4 is wound tightly on
the heat-emitting block 3 and secured thereto. 1In this
way, the heating element 2 is electrically connected to

the internal lead wire 4 via the adhesive 9 and the



el ectrically connected to the nol ybdenumfoil sheet 7 which is enbedded in
the sealing portion 1c of the glass tube 1. The other end of the nol ybdenum
foil sheet 7 is also connected to the external lead wire 8 inside t?heDEC 204
sealing portion 1c. In the infrared ray lanp of the first enbodi nent, the
heating el enent 2, the heat-enmitting blocks 3 and the internal lead wires 4
connected in series are inserted into. pge_space inside the heat-resistant
glass tube 1 , an inert gas, such as argon or nitrogen, is filled inside
the gl ass Hade-a&miandadiéd kndkpdrti Onstheheénseatnaly poali vngk af, tthe gl ass
tube 1 are nelted and fused so as to be sealed. A part of the internal |ead
wire 4, thembdlpddenam ¢6ithsheptring aeod ta qraré, dfhd hwelrekimgndiamedeon re 8
are sealed in the sealing portion Ic of the glass tube 1 . The infrared ray
| anp of theofivkticbniicdilengeirs tharmethas désdlidedoabopertipn he,i rfsrar ed
ray lanp of the first enbodi nent structured as described above, when the
infrared ragléahpicid Ivurgerneg tpd appl yhag e iyl daegemadodsls sinee &xt/er nal

| ead w res 8 disposed at both ends, the heating elenment 2 formed of the
car bon- basethsghst aneebeddechticrl tloe as 4 dh nde et tat an el peehiutheot Liass

resi stance. Even when the heating elenment 2 is expanded in its |ongitudinal
22 DEC 2004tubeol.djFhet pERey etrhgsoﬁefaltt?nIQPl?ibﬁ@élWhef%bii pgepdrt/i ¢i$ 6 of
the internal_ lead wire 4 is provided between the heating elenent 2 and the
nol ybdenum3bFP SRBEECLEq heCefhectepiernal lead wire inside the

sealing portion 1lc.

In the infrared ray lamp of the first embodiment,
the heating element 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 1, an inert
gas, such as argon or nitrogen, is filled inside the glass
tube 1, 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 lead wire 4, the molybdenum foil sheet
7 and a part of the external lead wire 8 are sealed in the
sealing portion lc 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 described above, when the infrared ray 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 because of its resistance. Even when the

heating element 2 is expanded in its longitudinal



t he di nensional change due to the expansion of the heating elenent 2 is
cancel l ed by the contraction of the spring portion 6. As aresult, it is
possi ble to prevent any unnecessary bending force from applying tczi@g‘
heating elenent 2. Since no unnecessary bending force applies to C 2004
heating el enent 2 that becones brittle at high tenperatures, the heating
el ement 2 does not break even at high nperatures. In the infrared ray

| anp of the first enmbodinent, the heat-emtting block 3 forned of a

nmaterial hayi Agc@aed bgl edild hePndHet,i bihkd THONEELIRE porkhe vicidd ty of
the  end portion of the heating elenent 2 by using the carbon-based adhesive
havi ng goodtied eCh teenadndueid wWiye 4 FDg phbsidedsor twdehhehénhearactd ay

| anp of the first enbodinment, the contact resistance therebetween can be
made snal | ,ebadehlie2t engetatelm Bfbdbauaofaadl istie oOrt | othecan fleed @er ed.
Next, the fitting condition of the heating elenent 2 and the heat-emtting
bl ock 3 in the dini¢as ednalaghlarge dud he theséxpahediorentt whkl hbatdescri bed
in nore detail. As shown in FIG 2, at nmanufacturing of an infrared ray
| anp, the aslheseué 2 Mwi mlancohiest ibyg tife a&@n TrBEEi2004 £ BRe bpauind
car bon- based organi c substance is sufficiently applied to the end portion
of the heatpetrtient 62 | Ad w\ingsutllte grtoove Baskdiiesl to plewdrct nanhy of the
end portion

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 conductivity.

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 condition 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



of the heating elenent 2. And then, the heating element 2 applied with the
adhesive 9 is inserted into the slit 3a of the heat-emtting block 3 to
make close contact therewith. After the heating elenent 2 is nade gRdHE 2004
contact with and fitted into the heat-emitting block 3, drying and heating
(firing) are carried out, whereby a sintered substance mainly consisting of
t he carbon-based substance of the adhegive 9 and having a high conductivity
is formed. As a result, the heating elenent 2 and the heat-emtting block 3

are connectieqyid thevdnHwisdd sulpimneesabsihe hesi varF ihavdmg1rli gh
conductivity. In the first enbodinent, by formng the groove 2a in the

heating el eippii@d tdectas e dfpdheieand acthdetdeer 1dhenheatingleliengnt 2
and the heat-emtting block 3 increases, and the resistance of the contact

can be reditedyréureheam@ernsdnca the adhesi vey9ogordiestdrty ®brtibe
car bon- based organic substance is very likely to be stuck to the
heat - em t t iofy tle@dke 3t Lagmed eafergt aphi txndtticenadhbe he & iang e Beinba tgr oove
2a, and the bondi ng between the heating elenment 2 and the heat-emtting
bl ock 3 is 2 cppliéddouti tat tthhei adpesjiect & iandi neeeseed ifoesthahsidalyy the
strength of the bonding is enhanced significantly. In 22 DEC 2004 - 31 the
first enbodiaenf, thkee helatkt elaiitddnas beek fAade areiseichlogeanpirtatt
structure that the nunber of the grooves 2a fornmed in the vicinity of the
end portiomhﬁr¢ﬁétheatﬁﬁ}er 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-based
substance of the adhesive 9 and having a high conductivity
is formed. As a result, the heating element 2 and the
heat-emitting block 3 are connected via the sintered
substance of the adhesive 9 having high conductivity.
In the first embodiment, by forming the groove
2a in the heating element 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 heating 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 significantly. In



element 2 is one, but simlar effect can al so be obtained even if plural
grooves are forned on one face or on both faces; and a higher eff%CZtDéCS
obtained as the larger the nunber of the grooves is. In the first 2004
enbodi nent, even when the clearance between the heating elenent 2 and the
heat-em tting block 3 is of a range of 0 to 100,u m no difference occurs
in the resistance of the contact and_the strength of the bonding. Next, by
usi ng the nmethod of the connection bet ween the heat | ng el enment and the
heat - em t t it Blietkk eabddiaméent s afied alayci @apioh hhe wbonera@dtdroBeEH | rst
enbodi nent, the connection between the heating el enent and the

heat - em ttlaﬁgarb;bbeko@f sdtheuchbirer ethataythanpuhmdamgo £ anakheyred vast erae W | |
be described. In an infrared ray | anp having two rod-like heating elenents
2la and 2liforfmé&d Bni sha parctinalty ofragneféed pertpent ive thevhshawinyg a

met hod of connecting the heating elenments 21a and 21b to a heat-emtting

bl ock 31. eHldmedti 3 bs pan¢i aphy shghilkired ffercpecdin el ¥o eve shbaingdnot her
met hod of connecting the heating elenments 22a and 22b to a heat-enitting

bl ock 32, ievem ihfpauedl gaywydeap duei Agringg on tdree rivacei ke heabordr

el ements 22a 22 DEC 2004 - 32 and 22b. In the infrared ray |anps shown in
FIGS. 3 andacesirabfupebighiear afiftect hbseoBhaimeadt ahetlie ghmrgesr g¢he

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 0 to 1004m, 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 2l1a and 21b, FIG. 3 is a partially
magnified perspective view showing a method of connecting
the heating elements 21la and 21b 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 bleck 32, in an infrared-

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



simlar to those of the first enbodi nent shown in the above-nentioned FIG
1. As shown in FIG 3, the end portions of the heating elenents Zlf %ﬁg Z%b
of this infrared ray lanp are inserted into two holes 31a and 31b Sredllin
the heat-emtting block 31 respectively and connected thereto. The plural
grooves 21c fornmed in the heating elenents 2la and 21b extend in a
direction perpendicular to the insertigp direction (the direction indicated
by the arrow in FIG 3) of the heating €l enents 2la and 21b. The heati ng

el ements 2la,@nglo81b and the heat-emitting block 31 of the infrared ray

| anp shown in FIG 3 are fornmed of simlar materials as those of the

above-nentioned firstrgnepdi MHracdd the adhes W dw®finthecsecandnd
enbodi nent is forned of a carbon-based substance to becone a m xture of

crystallized, catbaptaueSs Sshg@raphhhe tard anewpRaus nc a0 enebeated to a
high tenperature, just as in the case of the first enbodinent. In the

vicinities oimibarend paiésensfoftHderiabovemmiinerd ewowidrigathkeating
el enents 2l1a and 21b, the plural grooves 21c (three grooves in the exanple
shown in His»va3)mene ifaate@drF IBor 1it.his reason, projected and recessed faces
are formed in the vicinities of the end 2 2 DEC 2004 - 33 portions of the
heating el enents 2la Asds2bwn aiwl Fie. ddhesheecetd patffonsent| ywrapplied to
the end portions including the projected and recessed faces. And, the

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

inserted into two holes 3la and 31b formed in the

heat-emitting block 31 respectively and connected thereto.

The plural grooves 21c formed in the heating elements 21a

and 21b extend in a direction perpendicular to the

insertion direction (the direction indicated by the arrow

in FIG. 3) of the heating elements 2la and 21b.

The heating elements 2la and 21b 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

asbgraphite and amorphous carbon when heated to a high.

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

In the vicinities of the end portions of the
above-mentioned cylindrical heating elements 21a and 21b,
the plural grooves 21c (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



heating el enents 2l1a and 21b applied with the adhesive 9 are inserted into
the hol es 31a and 31la of the heat- emtting block 31 respectively aggégag&ﬁ
cl ose contact therewith. After the heating el enents 2la and 21b ar d
close contact with and fitted into the heat-emtting block 31, drying and
heating (firing) steps are carried out, whereby a sintered substance

consi sting of the carbon- based substange of the adhesive 9 is forned. As a
result, the heating elenents 2la and 2 b are connected to the

heat -em ttig\grbieak ¥ Mitee t heatiiHeLretde fuhstsancea ohntihe 1mdhesiven? havi ng

hi gh conductivity. In the exanple shown in FIG 3, since the projected and
recessed fag@isestieef or g suffhedci Nyt applicid the end RAId ipostabnide
cylindrical heating elenents 2la and 21b, the area of the contact between
t he heati ngineleaeniss t2ika pndj2thheahdadiderbeatssonit fapgshl ok Bl tise
i ncreased. Furthernore, the grooves 21c are forned in the vicinities of the
heating el eneatsngdlalamdnitld Ihaaandi 2ebdbt applisrdenidiicutiae &dhkldvenserti on
direction, and the sintered substance of the adhesive 9 is formed in the
grooves 2lcaréoinskirsadcasmne the rresissalde @nd hglacorft adte beéaken t he
heating el ements 2l1a and 21b and the heat-emtting block 31 of the infrared
ray | anp shewhttan2? DECK 09 redpeddiyedycamdbeanadducdsseamncionhecst rengt h
of the bonding can be enhanced significantly. In the infrared ray |anp
shown in Fltegewifidh. After the heatingelements 21la and 21b are made

close contact with and fitted into the heat-emitting block

31, drying and heating (firing) steps are carried out,

whereby a sintered substance consisting of the carbon-

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

the heating elements 2la and 21b 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 21b, the area of the contact between the heating

elements 21la and 21b and the heat-emitting block 31 is

increased. Furthermore, the grooves 21c are formed in the

vicinities of the heating elements 2la and 21b in a

direction perpendicular to the insertion direction, and

the sintered substance of the adhesive 9 is formed in the

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

centact between the heating elements 21a and 21b and the

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



plural (three in the exanple shown in FIG 4) grooves 22c are fqangggmAthe
external faces in the vicinities of the end portions of the two heating

el enents 22a and 22b. The plural grooves 22c fornmed in the heating el enents
22a and 22b are provided in a direction perpendicular to the insertion
direction (the direction indicated by the arrow in FIG 4) of each of the
heati ng el enents 22a and 22b, thereby ggrqing projected and recessed faces.
In addition, the adhesive 9 is sufficiently applied to the end portions of

the heatingretenmeriad 2R b Z2ddi nehdding st RenBhd 8¢t edeapdntacassa faces
in the vicinities thereof. On the other hand, two hol es 32a and 32a are

formed in tihe BaABNEd td DgnbFeckant2iy and grooves 32b are formed in each of
the internal faces of these holes 32a and 32a. These grooves 32b extend in

a direction perpendi cuhathleo ideransar tiagn IHmecthewn( tite Mg ecti,onhe
indicated by the arrowin FIG 4) of each of the heating elenents 22a and
22b. The adpesr¥e 9thzezpan ethd exddiep headhognelanEnts 4P2gravde222c
structured as descri bed above, and the heating elenents 22a and 22b are
i nserted i Moetherhedesn3fhcaadteld32am 0ff ddres hieattlesriti¢c hgibliesk oF2 the
respectively and made 2 2 DEC 2004 - 35 close contact therewith. After the
heati ng. elem@drperl2ansanfl 226 awe hemieioboskememttac 2w tihdaRdbf.i t ek | nt o
the heat-emtting block 32, drying and heating (firing) steps

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

22b are provided 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,

thereby forming projected and recessed faces. 1In

addition, the adhesive 9 is sufficiently applied to the

end portions of the heating element 22a and 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

elements 22a and 22b are insertead into the holes 32a and

32a of the heat-emitting block 32 respectively and made



are carried out, whereby a sintered substance consisting of the2 C
car bon- based substance of the adhesive 9 is forned. As a result, %ﬂg 2004
heati ng el enents 22a and 22b are connected to the heat-emtting bl ock 32
via the sintered substance of the adhesive 9 of high conductivity. In the
infrared ray lanp shown in FIG 4, the projected and recessed faces are
formed in the vicinities of the end pogtians of the cylindrical heating

el enents 22a and 22b, and the grooves 32b are forned in the internal faces
of the hol esl32a andtazlr thAsmeweshlt, Afhentéa ofcat tregcobémen taetamen t he
heating el ements 22a and 22b and the heat-emtting block 32 is increased.
Furt her nor gndt hebgaoevesa B2bc ho sef gomgthd h whehvacdniftitese df ihhe dice
portions of the heating elenents 22a and 22b and in the internal faces of

t he hol es 3tmatndm32a ing & ldiclel odirpergardi hdaring (Heringer sit@ps
direction. The sintered substance of the adhesive 9 is forned in these
grooves 32BreFoarrhed pedsomheanebhne isifmbeeddr apblsdrgnehown s asEli@g 4,
the resi stance of the contact between the heating elenents 22a and 22b and
t he heat - er@f tihgy Aidekn 3paggd s stadre@®f a4h¢ aRdestiren@ i sof orme bondi ng
t herebetween is enhanced significantly. In the infrared ray [anp shown in
FIG 4, boths 2 zeppd 2o¢he hgg tinm edomanhs 282 @mel glRbr areheRReg§ t@®nent s
22a and 22b are bonded to the holes in the heat-em tting block 32 by wusing
t he car bon-HaskEe pasi ¢8iFtindhkoskadé Whenthgesintered substance

of the adhesive 9 of high conductivity.

In the infrared ray lamp shown in FIG. 4, the
projected 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 elements 22a and 22b and in the
internal faces of the holes 32a and 32a in a direction
perpéndicular to the insertion 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, the resistance of the contact between the heating
elements 22a and 22b and the heat-emitting block 32 can
be reduced, and the strength of the bonding therebetween
is enhanced significantly.

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



plural heating el enents 22a and 22b are inserted into the heat-emtting
bl ock 32, the carbon-based adhesive 9 is still soft; therefore, RYSRCWEN
bal ance of the tension or conpression force between the heating elenments is
distorted, the distortion is relieved until a heat treatnent for curing the
adhesive 9 is conducted. Then, after balance of the tension or conpression
force between the plural heating el eoeggs.is nmade nearly uniform the
adhesive 9 is cured and carboni zed. As a result, even when the heating
el ements 2Zen@npoZ2h care ditatied pduaall gleat enperaementd h22di ahdr t22an of
the tension or conpression force bal ance between the heating el ements does
not i ncreaseetiposded éxt ¢mte thralte ¢ hien hetla¢ | hgael-emeint si2gabandk 32b tar e
broken. By producing the infrared ray |anp as described above, it is
possi bl e t medsgl yhereatboa-daawgd ladresnireaPed Taythanpthae wipepl urhad
heating el enents 22a and 22b sealed in one glass tube. In the infrared ray
| anps showpliwr&lGeealiawl e lemesi b | 22a efi@c2 3b cane bensbraeded nritegdihd ess of
whet her the holes 3la and 32a formed in the heat-emtting blocks 31 and 32
are througheatesmirt tsitgp hbbek (3ol eshei chrbyot toafed( adéeondvenBodisnent ) )
22 DEC 2004 - 37 Next, an infrared ray lanp in accordance with a second
enbodi nent ®Fithespiésethenotareon amdrn wWeendeidrinsed afefErei hgnesd ame
acconpanyi ng drawi ngs. FI G

or compression force between the heating elements is

distorted, the distortion is relieved until a heat

treatment for curing the adhesive 9 is conducted. Then,

after balance of the tension or compression force between

the plural heating elements is made nearly uniform, the

adhesive 9 is cured and carbonized. As aresult, even when

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

temperature, the distortion of the tension or compression

force balance between the heating elements does not

increase to such extent that the heating elements 22a and

22b are broken. By producing the infrared ray lamp as

described above, it is possible to easily create a

long-life infrared ray lamp having plural heating elements

22a and 22b sealed in one glass tube.

In the infrared ray lamps shown in FIGS. 3 and

4, similar effects can be obtained regardless of whether

the holes 3la and 32a formed in the heat-emitting blocks

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

bottom).

{second embodiment)



5is a plan view showing the infrared ray | anp of the second enbodinent in
accordance with the present invention. FIG 5 shows both end porti g¢ @é
the infrared ray | anp of the second enbodinent. Since its centrJI g 2 n
has a continuous structure connecting both end portions, the central
portion is not shown in FIG 5. FIG 6 is a partially magnified perspective
vi ew showi ng the connection condition hetween a heating el enent and
heat-em tting bl ocks in accordance with the second enbodiment shown in FIG
5. FIGS. 7 and B showNekhier arstimftaresl afayt heampf iar edaayddaop ofitithe
second enbodi ment, and are partially magnified perspective views show ng

t he met hodsa ofethedcemired ioanlfetofeehh ¢ hereesatni hgingkersmn andl i hbe

heat-em tting bl ocks. The infrared ray | anp of the second enbodi nent in
accordance d¢shribe dpmesenrriingetoi dirchac@opbanginwatyagirbenent IZ3 and
two-split heat-emtting blocks 33a and 33b. Since the other structures of

t he second 5 ésbadt hentvige Hiewing the tinvseane dt hayabove-afethiconedonfd r st
enbodi ment, their explanations are onmtted. In the infrared ray | anp of the
second enbodpefimenthénaa¢PhgadicengathoBheinee peat ivventiingbl odlss 33a and
33b and the internal lead wires 4 are sealed in the glass 2 2 DEC 2004 - 38
tube 1 as shorys FPER. eBdgRATdiqnstohshe ihkraase spy Lpap of the

above-nentioned first enbodiment. The internal lead wre 4 is connected to
t he ext ernafefeRd ®imrdigegtiheSince its central portion has a

continuous structure connecting both end portions, the
central portion is not shown in FIG. 5. FIG. 6 is a
partially magnified perspective view showing the
connection condition between a heating element and
heat-emitting blocks in accordance with the second
embodiment shown in FIG. 5. FIGS. 7 and 8 show other
structures of the infrared ray lamp of the second
embodiment, and are partially magnified perspective views
showing the methods of the connection between the heating
element and the heat-emitting blocks.:

The infrared ray lamp of the secondAembodiment
in accordance with the 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.

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

33b and the internal lead wires 4 are sealed in the glass



nmol ybdenum foil sheet 7. The plate heating el ement 23 sealed in the gl ass
tube 1 is formed of a carbon-based substance consisting of a mxture

crystallized carbon

subst ance

measuring 6 nmmin width, 0.5 mmin thickness and 300 mmin |length for
d_33b are fornmed of a conductive

exanpl e.
mat eri al

The heat-emtting bl ocks 33a.
and electrically connected to one end of the heating el enent

and anor phous carbon. This heating el ement 23 has a plate

of

such as graphite, a resistance val ue adj ustment JEC 2004

shape

23 by

a nmet hod deswd bedad asownAi@OFI@®St5 ain® 65 fjasnedis aitn oftee eddsef ofhe

i nt er nal

| ead wire 4, and a spring portion

6 having elasticity is fornmed

fol |l ow ng tthe: alidveoméhnad ohe AS ishowmemo &iBend;. | IMTHdadtdraaedleayd | anp
of the fourth enbodi nent, grooves 23a and 23b are forned in the top
bottom f acesird 4 heseadnpercttiash oé the pikateerndikalend eliereri 2B8a the

respectively. The grooves 23a and 23b

and

extend in a direction perpendicul ar

to the | ongialy dahumdifioact | smeet t’he Héat imbatbehmertt 28 dhemadhesz¥e 9 is

sufficiently applied to the vicinity of the end portion

of the heating

el ement 23 sewledi hy thesaposvEubz3d ahsl £23med mf he endbporibansedf this
heating el enent 23, a pair of heat-emtting bl ocks 33a and 33b are bonded

via 27 DECs20psitang® cehe isdhiasd vaf &R hrivi hgrhi gh cordietliMized seagbomno

attain electrical connection. The adhesive 9 is forned of a carbon-based
subst ance tRh a5 geRRTieRl. inEE Bl atxhgpevalue adjustment substance

and amorphous carbon. This heating element 23 has a plate
shape measuring 6 mm in width, 0.5 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 end 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 embodiment, grooves 23a and 23b are formed in
the top and bottom faces of the end portion of the plate
heating element 23 respectively. The grooves 23a and 23b
extend in a direction perpendicular 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 33b are bonded via



of crystallized carbon such as graphite and anorphous carbon when heated to
a high tenperature. The heat- emtting bl ocks 33a and 33b are two bl ocks
having simlar shape, i.e., a nearly sem circular shape in cross_,s (‘Eti on,
and formed of graphite having good conductivity. In the second en%éﬁi ﬁéﬁﬁl;,
the internal lead wire 4 is forned of a tungsten wire having a thernmal
expansion coefficient close to that ofzgacbon. However, other netal wres,
such as nol ybdenum and titaniumw res, may be used as the internal |ead
wire 4, if triee pidéhkstvecGuisavrineht. ghr esirsi@oteviin ywardkiawy eovatamient s.
The external lead wre 8 is forned of a nolybdenumw re. As described
above, in tdlkeechfiardd aayn¢ahpoof. e setbadisgebddiienformed hefaitaem tti ng
bl ocks 33a and 33b sandwich the vicinity of the end portion of the plate
heat i ng el ereenbof3brised Futasihasicee thast fas ¢tonwetrdienl iyoiwli agnikauidser nor e,
the coil portion 5 of the internal Ilead wire 4 is wound tightly around the
heat - em ttiafy cbietkd 13FedndagBonamlickcarednamret®. ahd tamermagust he
heating el enent 23 is electrically connected to the internal |lead wires 4
via the adesiyengvwhed theahedt Ltoed thial beoder8Barand BBb. hent he
internal lead wire 4, the end portion of the spring portion 6, the w nding
2 2 DEC 200rithgngdbareker 362 @R I Argr e PHarkhdrtavingheigdillamorti on
5 is electrically connected to the nol ybdenum foil sheet 7 enbedded in the
seal i ng pmqq%meop¢¢m,g}gg@qhm@gmlq%gcularshape:ulcrosssectlon,

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
coefficient 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 infrared 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 spring portion 6, the winding



other end of this nolybdenumfoil sheet 7 is also connected to the external
lead wire 8 inside the sealing portion. In the infrared ray |anp of the
second enbodi nent, the heating elenment 23, the heat-emtting bl ocks 733BEGHE
33b and the internal lead wire 4 connected in series are inserted into the
space inside the heat-resistant glass tube. After filling an inert gas,

such as argon or nitrogen in the spaceyhnside the glass tube 1, the end
portions (the sealing portions) of the glass tube 1 are nelted and fused so

as to be senlaffle tArpaftwhfichhesi nheigewt tHaadnat o #,tidecsDlypderumd oi |
sheet 7 and a part of the external lead wire 8 are sealed in the sealing
portion of 5tHhe glassttibelly dbanierftread b raye mwlpywdehis s66anNgheet

enbodi ment is formed as described above. In the infrared ray |anp of the
second enbodiemdriddesd riuc ttivee d ead ides @rdeitb ahof/ & havgérm sshe uibd nar ed'hreay | anp
is turned on by applying a voltage across the external lead wres 8 (FIG

5) di sposedtdie baidd efdshitsheolgdtdargurelfentehts heddt fol sedll ©6 ddren eartleen- based
substance is heated to a high tenperature because of its resistance. Even
when the heattiing eképemta 23leadexparded insids tbagstadiimed partéoni.on by
this heating, since the spring portion 6 of the internal lead wire 4 is
provi ded between the hedthednZx DES1 2004 14Inp efeneants 23 ad@nttded imeplidenum
foil sheet 7, the dinmensional change due to the expansion of the heating

el enent 23 tlxe pRbihadebpmernet coht riaee i oma bf emiid tsigr g Myl poksi 88 a6 anks

33b and the internal lead wire 4 connected in 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 1, 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 wire 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 described above, when the infrared ray lamp
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, since the spring portion 6 of

the internal lead wire 4 is provided between the heating



aresult, it is possible to prevent any unnecessary bending force from
applying to the heating elenent 23. For this reason, no unnecessary beEgin?
force is applied to the heating elenent 23 that is brittle at high 77 DEL 200
tenperatures, and the heating el enent 23 does not break even at high
tenperatures. In the infrared ray | anp of the second enbodi nent, the
heat-em tting bl ocks 33a and 33b fornedyef _a material having good electric
conductivity are connected to the vicinity of the end portion of the
heating el eslesthie 28 3 and haecas hgndeasad fadneshee thayi tige goiate g5 €6knra I

conductivity. For this reason, in the infrared ray lanp of the second
enbodi ment ,cHdregeoatiact or ¢dieskeadicen €atnbef daer aasad,n@nsll éhenttezeriad ur e at
t he connection portion can be |lowered. Next, the bonding condition of the
heati ng eleaentbad agdthiee cloeat =@ot L bnng £fbltdek $ pd3ian @nglo 88k oinn 6t.he As
infrared ray |lanp of the second enbodi ment will be described in nore
detail. As shewulitn, EitGis@ossibhe tofpmeeehtany ammeatessheyseenddng
enbodi ment, the grooves 23a and 23b are forned in the top and bottom faces
of the vicifmtgeofroheappdyipoytiontiné haetheat iederedt 2hed8 . 23FoThéhddhesi ve
9 formed 2 2 DEC 2004 - 42 of a liquid carbon-based organic substance is
suf ficientlgeaappli e¢ tnndeecssd poriévpinacifvdiary theappddvad 28ataved 23b,
and the heating elenment 23 is sandw ched between a
heating element 23 that is brittle at high temperatures,
and the heating element 23 does not break even at high
temperatures.
In the infrared ray lamp of the second embodiment,
the heat-emitting blocks 33a and 33b formed of a material
having good electric conductivity are connected to the
vicinity of the end portion of the heating element 23 via
the carbon-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 connection portion
can be lowered.
Next, the bonding condition of the heating
element 23 and the heat-emitting blocks 33a and 33b in the
infrared ray lamp of the second embodiment will be
described in more detail.
As shown in FIG. 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



pair of the heat-emtting bl ocks 33a and 33b and bonded thereto. After this
bondi ng, the heating el ement 23 and the heat-emitting bl ocks 33a aRdtEIB0i
are dried and heated (fired), thereby securely connected by the sintered
substance forned of the carbon-based substance of the adhesive 9 and having
hi gh conductivity. In the second enbodi nent, by form ng the grooves 23a and
23b in the heating elenment 23, the aregyof_the contact between the heating
el enent 23 and the heat- emtting bl ocks 33a and 33b i ncreases, whereby the
resi st ance o@f atlhiege0atalt b 6AR bR g dueeth i Syl dame €,i SsREE tdeeadhgsi ve 9
formed of the carbon-based organic substance is very likely to be stuck to
t he heat - emipgdliwd bt ocklse 38adapd r3dlwd drmetu @i ngr apl tgssootde 2adheande 9
enters the grooves 23a and 23b, and the bonding between the heating el enent
23 and t he 23dmt -aedi thenfehlltioks S8Bamand 23D iiss candivédhead ity henr a
projected and recessed faces, whereby the strength of the bonding is
enhanced sipgnif ic@nthy. heattteensetdnd béwldkd MEhd, atle 38br wotdireomliedei n t he
nunber of the grooves forned in the vicinity of the end portion of the
heati ng el errate8.i sAbheri $hexlbaimbinas tiheekenapliarg diwert, 28naefdf ect
can al so be obtained even if plural 2 2 DEC 2004 - 43 grooves are fornmed on
one face orthenhsgtth-¢mtées inand lediiglieta agfd 8atb iarobinieddad hdatednber of

the grooves increases. |In the second enbodi nent, the heating el enent
(fired), thereby securely 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 the 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 reduced.

Furthermore, since the adhesive 9 formed of the
carbon-based 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 their
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;

however, an effect can also be obtained even if plural



23 is bonded to the heat-emtting bl ocks 33a and 33b by pressure cqp?ggg?MA
As a result, unlike the case of an assenbly process such as a fitting
process, it is not necessary to accurately place the heating el enent and
the heat-emtting blocks at predeterm ned positions; the assenbly work can
thus be carried out easily, and the cost of production can be reduced
significantly. FIG 7 is a partially mag ified perspective views show ng
anot her structure of the infrared ray Iagp of the second enbodi nent, and

shows an exgrpb@edf atB& o MRLA Bhel PECEUWBGIHORNDEL ¥BEN 4hE Phatecheati ng
element 23 and two-split heat-emtting bl ocks 34a and 34b. As shown in FIG

7, grooves &Bfeahdi 23b 4 enbar 48t hé hddiSe +APr ak RAtd O acesréAskhe
vicinity of the end portion of the heating el ement 23. The grooves 23a and

23b extend in a directhorknhRerfeash @ UbAL oA rtdier | ongkt udataingi & ehie@ of the
heati ng el enent 23. The adhesive 9 fornmed of a |iquid carbon-based organic

subst ance i3s3 sukf beneid y:tapfhé eleb® -tEhel ©fith §oblbek s | 3T Udh a93Bhe B/
grooves 23a and 23b. On the other hand, a hollowed step portion 34d is
formed on emcdselirtche-dieadcem t Asng MHexokst 34ananke34bheataaepast tawn for
sandwi ching the heating elenent 23. In 2 2 DEC 2004 - 44 addition, a
projected possenbl3dprscéosnedcon ddias siepimprironed4d. ifhisspnojtect ed
portion 34c is forned at a position wherein it fits in each of the grooves
23a and 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 two-split heat-emitting blocks 34a and 34b.
As shown in FIG. 7, grooves 23a and 23b are formed
in the top and bottom faces in the vicinity of the end
portion of the heating element 23. The grooves 23a and
23b extend in a direction perpendicular to the
longitudinal direction of the heating 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 23Db.
On the other hand, a hollowed step portion 34d

is formed on each of the heat-emitting blocks 34a and 34b

at a position for sandwiching the heating element 23. In



23b forned in the above-nenti oned heating el enent 23. The heating el enent 23
structured as described above is placed between the two heat_enitti??DEC2mA
bl ocks 34a and 34b and bonded thereto. At this tinme, the projected

portions 34c of the heat-emtting blocks 34a and 34b fit in the grooves 23a
and 23b in the heating elenent 23. After this fitting, the heating el enent
23 and the heat-emtting block 34a andy34b are dried and heated (fired),

t hereby securely connected by the sintered substance forned of the

car bon- basetigubsbancea ek oj-taeliesoreidnand haw fp gl oA0BHUGE is\tdyy .
Since the second enbodi nent showmn in FIG 7 is structured so that the

proj ected pootthos 34d.of Thhies preateenield ipwrbioaks 434a santlo 8db df iatt iah t he
grooves 23a and 23b in the heating elenent 23, the area of the contact

bet ween t hepdeating whleaneivt 28 &nd st hen heath eoft theg g acks 34a amdl 34b

i ncreases, whereby the resistance of the contact can be reduced. In
addition, sl3kefonaepgr girectired pbotiedmseBdionkid heatheggredeamsnl3a3and 23b,

t he bondi ng condition between the heating elenment 23 and the heat-emtting
bl ocks 34a and 34b vi@hehkeadhes v @ndrtodBdss srugrigire dhes ebgs chébstd engt h
of the bonding is enhanced. 2 1' ft~ 2004 - 45 The structure wherein the
grooves areabovaedsiplacrkd hedtvarn ctleerehivo 2d3eand ertict piogeledksoBtdaons are

formed on the heat-emtting bl ocks 34a and 34b is expl ai ned
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
conductivity.

Since the second embodiment shown in FIG. 7 is
structured so that the projected portions 34c of the
heat-emitting blocks 34a and 34b fit in the grooves 23a
and 23b in the heating element 23, the area of the contact
between the heating element 23 and the heat-emitting
blocks 34a and 34b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 34c
fit in the grooves 23a and 23b, the bonding condition
between the heating element 23 and the heat-emitting
blocks 34a and 34b via the adhesive 9 becomes strong,

whereby the strength of the bonding is enhanced.



as an exanple in the second enbodi nent; however, the present invention is
not limited to this kind of structure; the grooves and the proje@t/ettt 2004
portions nay be formed opposite to each other, and the nunber of each is
not limted to one. FIG 8 is a partially magnified perspective views
showi ng still another structure of the infrared ray |anp of the second
enbodi nent, and shows the nethod of thegscannection between a plate heating
el enent 24 and two- split heat-emtting bl ocks 35a and 35b. As shown in FIG
8, a through hol e 24aThs fbrmedure whereiol hheygobotvks ame fomrned iof the
heating el enent 24. The adhesive 9 fornmed of a |iquid carbon-based organic
subst ance ishsuhkiadiierg |glapphite® 3 cahéletbred pporjeohnedi polmidiogst hire t hr ough
hol e 24a. On the other hand, a hollowed step portion 35d is forned on each
of the heatfenned o theobksa B35amahtidghblacks posiandM 4od ssexmdhiadmiety t he
heating elenent 24. In addition, a projected portion 35c is forned on this
step portidn 33BdexXpuElrdpethed gpeondnedd®edignéptnedoatewer poshei on
wherein it fits in the through hole 24a formed in the above-nentioned
heating el ePEAfeR4 iTHenfkdan 4§ &P Erfektl Padste Fdtig kd nasofeseriBédr2 2 DEC
2004 - 46 above is sandw ched between the two heat-em tting bl ocks 35a and
35b and bonte® grReCstes Fedt ke MTRICERED MU tekerd Pant ihst 35®edf the

heat-em tti ng bl gcks 35a and )
opposite to each other, and the number of each is not

limited to one.

| FIG. 8 is a partially magnified perspective
views showing still another structure of the infrared ray
lamp of the second embodiment, and shows the method of the
connection between a plate heating element 24 and two-
split heat-emitting blocks 35a and 35b.

As shown in FIG. 8, a through hole 24a is formed
in the vicinity of the end portion of the heating element
24. The adhesive 9 formed of a 1liquid carbon-based organic
substance is sufficiently applied to the end portion
including this through hole 24a.

On the other hand, a hollowed step portion 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 projected portion 35c¢c is formed 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



35b fit in the through hole 24a in the heating el enent 24. After this

bondi ng, the heating elenent 24 and the heat-enmitting bl ock 35a 2hdEB3, are
dried and heated (fired), thereby securely connected by the sintered
substance forned of the carbon-based substance of the adhesive 9 and having
~hi gh conductivity. Since the enbodi nent showmn in FIG 8 is structured so
that the projected portions 34c of the 4Reat-em tting bl ocks 35a and 35b fit
in the through hole 24a in the heating elenent 24, the area of the contact
bet ween t heabheati hg shederiici?<ld aneltvbenheatk- emiot hiet - dth D€k sn3gba lark S5b

i ncreases, whereby the resistance of the contact can be reduced. In

addi tion, s3haeanke Jowjauliethopaidd onseBBto fi At ntlhhe thmeughthwl e 24a, the
condition of the bonding between the heating el enment 24 and the

heat - emi t t i pgo jblcdekds p854: iamds 35 wifathheh adhesmidg: ©9i e dolmesk stIomgnd
whereby the strength of the bonding is enhanced. The structure wherein the

t hrough hol @5antit hien fPhreojtdetedgpontilen2dreini tioealaeatindat héemember240f each
is one is explained as an exanple in the enbodi mrent shown in FIG 8;
however, thefpeasémiy mMendiog i stiwthepliinad albemehits 24 mh@ftieructure; if
an oval hole and an oval 22 DEC 2004 - 47 projected portion are used or if
plural hol eBeafdeplifitaing ppdpedt idha are gséd arel firieseyandmeetedited into

each -other for exanple, simlar effect as that of the
(fired), thereby securely 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 f£it in the through hole
24a in the heating element 24, the area of the contact
between the heating 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 hole 24a, the conditioﬁ of the bonding
between the heating 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
projected portion are circular and the number of each is
one is explained as an example in the embodiment shown in
FIG. 8; however, the present invention is not limited to

this kind of structure; if an oval hole and an oval



above- nenti oned enbodi nent can be obtained. Furthernmore, it may be possible
to use the structure wherein only the projected portion 35¢c shown in FIG
8 is formed into a rod shape as a separate piece, and a through?fidit& 108,
formed in the step portion 35d of each of the heat-emtting bl ocks 35a and
35b so that the rod-like projected portion is inserted into the through
holes in the heat-emtting bl ocks 35a.agg 35b and the thorough hole 24a in
the heating elenent 24. Wth this structure, the heat-emtting bl ocks 35a
and 35b campbejeprtedepsedt icasidye anddt be ddsp lafr gr ddetésoandaplheal
reduced. The heat-emtting block fornmed of graphite having conductivity and
an el ectroder¢gepitiains wict iwse dsandxplfathey asmrbexanpt edi hntloe efdiatst and
second enbodi nents; however, the nmaterial of the heat-emitting block is
not limtedotioegr dphn tesampieous imal baraktsfleati rgs hbatt rodSitshance up to
12000C , good electrical conductivity and good thermal conductivity are
appl i cabl e.a®pvicemegutapghie@ pmdbeldinent ogann blearetnessngdd strength for
exanple, various materials enhanced in hardness and strength, such as a
mat eri al obt ai ned by ARXithgTneBebi d& Mamhikei Hessdblortdeuset ¢heanith
graphite and by firing the mxture, a 2 2 DEL 2004 - 48 nmaterial obtained
by addi ng gfBE8Ctge WREFEH R’ @ pkapHie T AHRICHY df PP AThe 3f SE@ idnd t he
i ke, are ggflicable. The_present invention has the follow ng effect
G. 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 projected portion is inserted into the through
holes in the heat-emitting 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
having conductivity and an electrode terminal function is
explained as an example in the first and second
embodiments; however, the material of the heat-emitting

block is not limited to graphite; various materials having
heatresistancetu)to1200T3,goodelectricalconductivity
and good thermal conductivity are applicable. Since

graphite itself 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 firing the mixture, a



as made clear by the above-nentioned detail ed explanations of the first and
second enbodi nents. In accordance with the present invention, the heating
portions can be prevented from fusing and breaking during use for é}dh &%04
time, whereby it is possible to obtain an infrared ray |anp havi né g
reliability and long Iife. The infrared ray |anp of the present invention
uses a heating element formed of a carbgg-based substance and formed into a
rod-1i ke shape instead of the conventional tungsten spiral filanent, and
the infrarethteayaenbbsadmeadiby alddiey naded s keikarbanbbased guhphanoe i s
high, 78 to 84% for this reason, the infrared ray em ssion rate of the
infrared ragndanp fsrhnghtheFodtherner eandi hbe fLlh&e odde kepphibablzased
substance has a negative tenperature characteristic wherein the resistance
| owers as the tenperatheepreses\t iinvenpoesi bhre the rfeducewing edifle current
at the time when the infrared ray lanp of the present invention is turned
on. Furtherammadstciean hg ¢ rarade ragnitdmmed dette i pe dsarp langg§ioinen i s
structured such that the heat- emtting bl ocks having good conductivity are
bonded to the thadfparat chrdofesand rimbpkameddirbon- based heating el enent,
the resistance of the_contact between the heating element 22 DEC 2004 - 49
and the heat-enittinglBl 86kPrdanape vifh dthecEefgndadn Rt dddcedheand
tenperature increase can be lowered, whereby it is possible to
si gni fi Cantl}@aghﬁgn@%r{:pr@ns can be prevented from fusing and breaking

duringuseforeilongtime,wherebyjj:ispossibletoobtain

an infrared ray lamp having high reliability and long life.

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-1like carbon-based substance

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

emission rate of the infrared ray lamp is high.

Furthermore, since the rod-like carbon-based substance

has a negative temperature characteristic wherein the

resistance lowers as the temperature rises, 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
present invention is structured such that the heat-
emitting blocks having good conductivity are bonded to the

end portions of the rod-l1ike carbon-based heating element,

the resistance of the contact between the heating element



reliability of the lead wire installation portions. Furthernore, the
infrared ray |lanp of the present invention has the structure wherein the
projected and recessed portions are forned between the rod-1ike 2 7 DEC 2004
car bon- based heating el enent and the heat-emtting blocks and then bonded
and fired via the carbon-based adhesi ve. Because of this structure, the
strength of the bonding portions of thgginfrared ray |anp of the present,

i nvention beconmes high. Furthernore, since the rod-1ike carbon- based
heati ng el emahttiaadhthe -adhest yegf bl ojoksiaty the theat -ofrilida tifnbl ecks are
formed of simlar material, their thermal expansion coefficients are al nost
simlar, \eredguced.s gpobstbhnpetratprovi decaelisghl yanebieallleaverafirared ray
| anp not causi ng any accidents, such as breakage, during on-off sw tching
operation fayemebypngt tisreossibher nor esignhdd ctamet ¥y r aohameavhehei n t he
rod-1i ke carbon-based heating el ement and the heat- emtting bl ocks are
bonded by tdeeliabiilagydwf tohehdeadhgaigeerehn sdfaltet proj eotrddi @msl - r ecessed
portions and by wusing the carbon-based adhesive is used in the present
invention, it is posstbréehegmafirancehgoikdsiatey ARy tlamp apfetégal ity at
the time of the bonding. In accordance with the nethod of producing the 2 2
DEC 2004 - BBesenftrkpeantapn BRF 6het RETPrddsift Wihfﬁﬂé%%ﬂotﬁ'}eiﬁrw;eﬁg% bl e
to obtain a highly reliable infrared ray |anp characterized in that its
power Cons@ﬂﬂi5ﬁ08§§§quﬂ°rtl°ns are formed between the rod-like

carbon-based heating element and the heat-emitting blocks
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 coefficients are almost similar,
whereby it is possible to provide a highly reliable
infrared 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-
emitting 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 guality at the time of the bonding.

In accordance with the method of producing the



change abnornmally even after use for a long tine, and that the heating
portions are prevented fromfusing and breaking during use for a 72 pB§ltie;
furthernore, it is possible to enhance workability and to raise quality at
the tinme of the assenbly and bonding. ((Third enbodi nent)) Next, a third
enbodi nent of the present invention will be described referring to the
acconpanyi ng draw ngs. However, the omggrials, sizes, production nethods
and the |like of the enbodi ment described below are only exanpl es preferable
for an enbothfreatedf rafyel pmpsefitthe puend éoh. idhenappln cakl ésrpogeibdfle he
present invention is therefore not limted by these exanples. Part (a) of
FIG 9 is atplahteiewashvighdyamreliidb beednfayateadpray deog dance with the
third enmbodi nrent of the present invention, and part (b) is a front view
t hereof . | chhadatiteri44 G 110 tha ta jpes speweirve an swmpshow paehenpnf rar ed
ray lanp of FIG 9. However, since the central portion of the infrared ray
| anp can bechanderabpodmarlohy teotdn sifdee porse disr shdwmd himige Bngutdst the
central portion of the infrared ray lanp is not shown in either of the
figures. Thehenhepatdda §oFaipnsf ate Phevendirsbdf remt £23ing &1d conpri ses:
a substantially cylindrical glass tube 301, netal foil sheets 305 enbedded
in both endpofkitns BUENI of Sehife glaadPLnaubeinel, famdmImQrel edtntl s302
hernEtlcaIIgossible to enhance workability and to raise quality at

the time of the assembly and bonding.

(Third embodiment)

Next, a third embodiment 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 examples 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 FIG. 9. 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.

The infrared ray lamp of the third embodiment



seal ed inside the glass tube 301, heat-emtting blocks 303 secured to both
end portions of the heating elenent 302, internal |lead wires 304 for
connecting the heat-emitting blocks 303 to the netal foil sheets ?@ﬁﬂipﬁg
external lead wres 306 for connecting the netal foil sheets 305 to an “™
external electric circuit. The glass tube 301 is fornmed of quartz gl ass.
The cylindrical portion of the gl ass Lu§§ 301 is about 10 mmin outside

di aneter, about 1 mmin thickness and about 360 mmin |length. The sealing

portions 30démptiketdh £nglsbsebntthes Cyyi sgiiiedr N04li gnagise wash onnmed into
a plate shape, and an argon gas having atnospheric pressure is filled
inside the mytandebeal spefdt ©mBoFhenbeatieag iel et 32 portobned3sofla
car bon- based substance consisting of a m xture of «crystallized carbon such
as graphiteyf anesigliane e wse B0 Bdjaiakariin$ eldmat e S0UE heaxsnat DEhnagen
conpound and anorphous carbon. The resistance val ue adjustnent substance
is mxed tosadjlagtitbhedeeshst@hassofub8es hieath gwt - ehmenernin 362.o0cke $03
resi stance val ue adjustnment substance is used to nmake the resistance val ue
of the heatsaguekdntwnt bohilglerd tmnt tbas of &hkeatciatyied enkanehar R 0f only
carbon. 2 2 DEC 200G - 52 The heating elenment 302 in accordance with the
third enbodimeatrnads laapl atie-eshaies havr mpanehnitdlaressid heglt Oebi mning Wi dt h
Tof 1.OmMm (= 2t), 2.5 mm (= 5t) or
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 éylindrical 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 301lc at both ends
of the cylindrical portion are each formed into a plate
shape, and an argon gas having atmospheric pressure is
filled inside the cylindrical portion.

The heating element 302 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. The resistance value adjustment
substance is mixed to adjust the resistance of the heating
element 302. This resistance value adjustment substance
isused1x)maketheresistancevalue<ﬂftheheatingelement

higher than that of a heating element formed cf only

carbon.



6.0 mm (= 12t) and a |l ength of about 300 mm However, the plate heating

el emrent 302 having a wwdth T of 6.0 mm 12t) is shown in FIGS. 9 and 10. The
heat-em tting bl ocks 303 secured to both end portions of the heathpgggc;mﬁ
el ement 302 are fornmed of a carbon-based substance simlar to that of the
heating elenent 302. The shape of the heat-emtting block 303 has a
substantially cylindrical shape having ggogt 6 mMmin dianmeter and about 20
mmin length. A slit 303a, in which thé"longitudinal end portion of the

heating el ement 2 is rhBesgel@dnd SefohBRE bRt he aRtSAELn 3830 ik the heat -
emtting block 303 opposed to the heating elenent 302 so as to pass through

its center.tHheqhemblotdnd ©FERLs2al $1fdtid efhapeonbkiih $ld tr¥PSRnaRd secured
to the heat-emtting block 303. The internal lead wire 304 is wound tightly

around the genpral mportd e dfnt feokkeat.-em t { Ag2Bhock 3DFm thesehy Jorm ng
a close-contact portion 304a. .The cross-sectional area of the heat-emtting

bl ock 303 is.suhhicd atd y drad gen dd@th tde L5Ds6-3@ethanal Horeeaof tithe
heati ng el enent 302 (about nine tinmes or nore in the third enbodi nent) The

resi stance ynhte akattheg henémenitt 30y HiwLkg383wiisitither e ore. suftd qi-ently
smal l er than the resistance value of the heating el enent 302. As 22 DEC
2004 - 53 ®2tégstikt shwevwan ancamGat 9lamd tbr.ough the heating el enment 302
and the heating el enment 302 generates heat, the heat generation at the
heat-em tting bl ock 30Beilhgakfemsitting 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
fittedinto this slit 303a and secured to the heat-emitting
block 303. The internal lead wire 304 is wound tightiy
around the central portion of the heat-emitting block 303,
thereby forming a close-contact portion 304a.

.The cross-sectional area of the heat-emitting
block 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 303 is therefore sufficiently smaller

than the resistance value of the heating element 302. As



sufficiently smaller than that at the heating element 302 and negligible as
described later. In addition, although heat is transmtted fromthe heating
el enent 302 to the heat-emtting block 303, part of the heat is enﬂg?ﬁg 0
from the surface of the heat-emtting block 303. As a result, u@@
of the heat transmtted fromthe heat-emtting block 303 to the interna
lead wire 304 is very scarce, and the ggtgrnal lead wire 304 is therefore
not overheated. The internal lead wre 4 is fornmed of nol ybdenum or
tungsten, angdeishilar Canlictd varWder &l abouthr SugH e ine gt aABt €1 emBHe:
internal lead wire 304 has a spiral coil portion 304b follow ng the

cl ose-cont a2 poidi the 3R4at iveurd aiontd3 bheghaaiream ¢ thagtbl eale 3@xt The
spiral coil portion 304b is larger than the cl ose-contact portion 304a by
about 0.5 tgerdefamtoinn ali atiet eheaankmbt piay dacdbco as3 taswel£oaxi al with
the center axis of the heat-emitting block 303. The spiral coil portion
304b is di sposeticawayt 1yf soral her stiten facet of t tdtee hepd £ engté Lageltoalo 303 by

a predeterm ned distance so that it can expand and contract |ike a coi
spring in tdred ave@lidibéetasndescrhbetedntean ttimgdadiocko8303althoaddi ti on,
one end of the internal |ead wire 304 is secured to the netal foil sheet

305 by crilmpihgisAtransnti e df £ aogertiley hadeingt edealern ®adlOdi tes t22 DEC
2004 - 54 304 on both sides are pulled so that each of them beconmes | onger
about 3 nmMmimaewaedly tiing kel d@ngi @ Adipar tde f ech ¢ dreathbp ¢nitfedndcdmengt h,

whereby the heating el enent 302
the surface of the heat-emitting block 303. As a result,

the amount of the heat transmitted from the heat-emitting
block 303 to the internal lead wire 304 is very scarce,
and the internal lead wire 304 is therefore not overheated.
The internal lead wire 304 is formed of
molybdenum or tungsten, and is a conductive wire of about
0.7mmin diameter. The internal leadwire 304 has a spiral
coil portion 304b following the close-contact portion 304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger than the close-contact portion 304a
by about 0.5 to 1.0 mm in diameter, and is provided so as
to be coaxial with the center axis of the heat-emitting
block 303. The spiral coil portion 304b is disposed away
from the side face 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. 1In addition, one end of the internal
lead wire 304 is secured to the metal fcoil sheet 305 by

crimping. At the time of assembly, the internal lead wires



is secured. As described above, in the third enbodi nent, the heating

el ement 302 is electrically connected to the netal foil sheets 30@”299g |
pul |l ed appropriately to both sides thereof by the internal |ead wres 8&,
t hereby secured stably. At this tinme, the heating elenment 302 is secured
so that the center line of the heating element 302 in the |ongitudinal
direction thereof is aligned with the_cgpter axis of the glass tube 301. In
addition, the spiral coil portion 304b of the internal |lead wire 304 has a
functi on desesidecbdehonidAs adespuilhed |ad ethawhesnch cfirtiesin beewmddr ough
the heating elenment 302 and the heating el enment 302 generates heat, the

t enper at ur esomfethebbeat 8 ngmedeteardl@2iandhtheoglgdsndinbe BDteartd arai sed
by the heat, and they undergo thermal expansion. At this tine, a thermnal
stress occurlsabei weenorinteel hbat ght , elvéreardb B02handebhte rgd askemabe 3@12
because of the difference between their thermal expansion coefficients.
This thernmals steesseids. absorbed by the -elasticity of the spiral coi
portion 304b. Because of this structure, in the third enbodi nent, the
connection between the deatrébiett fhgvisl.odk 808 Ehidrthembetiamefrdi | thsheet
305 via the internal lead wire 304 is not inpaired 22 DEC 2004 - 55 by the
t hermal strieesatinhee kemngntf §PR bHepte DEica 1d nsloyipdehiumd ftol ltheshedtal

measuring about 3 mmby 7 mmby 0.02 mm (thickness).
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 thefeof is aligned with the center
axis of the glass tube 301.

In addition, the spiral coil portion 304b of the
internal lead wire 304 has a function described below. As
described later, when a current flows through the heating
element 302 and the heating 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 heating 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 via the internal lead wire 304 is not impaired



The inner lead wire 304 is secured to one end of the nmetal foil sheet 305,
and the external lead wire 306 is secured to the other end thereof.7? TBEC 2004
external lead wire 306 is fornmed of nolybdenum and wel ded to the netal foi
sheet 305. Wen a voltage is applied to the heating el enent 302 via the
external lead wires 306, a current flows through the heating el ement 302.
Since the heating elenent 302 has a reﬁgstance, heat generates fromthe
heating el ement 302. At this tinme, the atfing element 302 emts infrared

rays. Part )+t ELG 11 §+3c3rAph showing the distribution curve of the
intensity J&$t e ing}§¥%% rayse emtted fromthe heating el enent 302 of the

third enbodiment. Paghe(le0f) FLG: 1131802006 § B 6r 855038084 ORunOle e

central portion of the infrared ray |anp of the odi nent having the

heating el efRot+302asThe Ry At Ye FHESLINO W I8l tdS Pk § {18 cRAM <) . Of

FIG 11 are orthogonal coordinate axes on a plane perpendicular to the

axial  diregtlom 9t -t DEaReql rRI36LeIBNE 302 W o2 BRG oF0tnkNmeldhe parts
(a) and (b) of FIG 11, the origin O corresponds to the center axis of the

heating el epppi 3Q2et! Bobheaaaphe ekt PRAIicbd)wobeFbPs 14, sthaeai ues in
the radial 2 2 DEC 2004 - 56 directions designate the em ssion intensity. of

the infrared fR¥Sotard khel WHdwLSoFN tPReChkeWHRIENI Al wikkeQliOnSs
designate angles with respect to the center
' formed of molybdenum and welded to the metal foil sheet
305.

When a voltage is applied to the heating element
302 via 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 vy
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. 1In
the parts (a) and (b) of FIG. 11, the origin 0 corresponds

to the center axis of the heating element 302. 1In the graph

of the part (a) of FIG. 11, the values in the radial



axis on the plane. perpendicular to the axial direction of the heating

el enent 302. These angles are designated by angles fromthe positive
direction of the x axis. The thick solid line 307a, the thin solid2l7 B
307b and the broken Iine 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 mmand 1.0 respectively. Since the thickness
(t) of the heating elenment 302 is 0.5 mMm the intensity distribution curve

307a i s obtaipedtibdheisasgnahen the eidihoh (fnem®itdf dhetheating
el ement 302 is 12t, the intensity distribution curve 307b is obtained in

the case whgRrbhedvmiPsT A4S tHA whltBe heating eliemRiirsSOeniksa15t, and
the intensity distribution curve 307c is obtained in the case when the

wdth T (1.d9raw)tidfnd hee Beghlat®: edegeat «3dGh i Bebechn ddethdi tdnter
enbodi nment, the intensity distribution curves 307a, 307b and 307c were

nmeasur ed asax@eséni brd pehaw pEirpeindifceDast apt tnel 4rgali aiappltiash tof a 600W
infrared ray lanp, and infrared rays are enmtted fromthe infrared ray

| anp. In a thadhtheintherlaimehtf 3aned TAySe ameypaitied desmyhnkea ddafoared
ray |anp stably, the amount 2 7 DEL 2004 - 57 of the infrared rays is

measur ed ataagpesi tixym| that edsd t Toastiantk ciisddiancé (aleout &0Dsmm) away from
the center line (the origin O of FIG 11) of the heating elenent 302 in

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 1.0 mm, respectively. Since the thickness (t) of
the heating element 302 is 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
5t, and the intensity distribution curve 307c is obtained
in the case when the width T (1.0 mm) of the heating element
302 is 2t.

In the third embodiment, the intensity
distribution curves 307a, 307b and 307c were measured as
described below.

First, a constant voltage is applied to a 600W
infrared ray lamp, and infrared rays are emitted from the

infrared ray lamp. In a condition wherein infrared rays

are emitted from the infrared ray lamp stably, the amount



a direction perpendicular thereto. At this tinme, the anount of infrared
rays reaching a predetermned mnute area at a predeterm ned position is
measured. This measurement is repeated while the angle with respecf 2tla( e
heating el ement 302 is changed, with the distance from the origin O being
mai nt ai ned constant. As the result of this neasurenent, the intensity

di stribution curves 307a, 307b and 307 7shomn inthe part (a) of FIG 11
were obtained. As indicated by the intensity distribution curves 307a, 307b

and 307c shopnh8 iherBalda Ay &fiElfrashled R U RALIVILY obdhed nfensity

of the infrared rays enmitted fromthe heating el ement 302 becomes higher as
the ratio @nthan dib thdd® (e d bt Hoewh ) aNay B dMedd e nd! &R 2

beconmes higher. When T 5t in particular, that is, when the ratio of the

width T to tfiget BirGlesD tof SFI&L VR 10r JWr€ne t HEa®AInSFicdNeh&h@NSilY i the y
axis direction is significantly lower than that in the x axis direction.

Wien the indraledctaysn aperpanitied: Lnequakinetas. descehbed tabave, ther
exanpl e, when only a predetermned region is desired to be heated, the

regi on shouiflota tplodcah f mir é ler i yaXirea i h fea cppeidarye rivbeadomliv e

predeterm ned region is not desired to be heated, the 2 2 DEC 2624 - 5 8

regi on shoudfleheapl acqirode t Bemy. naad Spo As td aresid tmeaBuddi®. t MH s

enbodi ment, the em ssion intensity can have directivity, even if such a

refl ecti on péaseramdrhatisiseepeated while the angle with respect to
the heating element 302 is changed, with the distance from
the origin 0 being maintained constant. As the result of
this measurement, the intensity distribution curves 307a,
307b and 307c shown in the part (a) 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 directivity of the intensity of the infrared rays
emitted from the heating element 302 becomes higher as the
ratio of the width T to the thickness t of the heating
element 2 becomes higher. When T <= 5t in particular, that
is, when the ratio of the width T to the thickness t is
five or more, the emission intensity in the y axis
direction is significantly lower than that in the x axis
directibn.

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 1is not desired to be heated, the



for the conventional infrared ray | anp shown in the above-nentioned FIGS.
25 and 26 is not provided. The heating el enent 302 of the third enb?djmﬁpt
is formed of a carbon-based substance consisting of a m xture of L 2004
crystallized carbon such as graphite, a resistance val ue adjustnent
substance such as a nitrogen conpound and anorphous carbon. As descri bed
above, the carbon-based substance used-.gs _the material of the heating

el enent 302 has an infrared ray em ssion rate higher than those of the

conventionate §i6hr MR AN Baingshera i tALSy RRASON, Awhen +heyu¢ar bary based
substance is used as the heating el enent 30% of the infrared ray |anp, the

efficiency elet baied siwddinemtt heceakinag salgirent t8R2 i tys dbghgktdhan
those fromthe conventional heating elenents. Furthernore, since the
resi stance yargetaf itthe, dieat g ol @rentr 302 of ibheplhitedagmbaditmenrfed s

hi gher than those of the conventional heating elenments, even if the
surface arepoof thee deatémyiehaneninfwareg ey shape showan riog, tAepl ate or
the like is smaller than those of the conventional heating el enents, the
heati ng el eaeotecarntemiednfFiaised 2Ryanhavieng ssuidt cpeptvidddensity. As a
result, since the surface area of the heating elenent 302 2 2 DEQU 2004 - 59
is smaller than thoseThe bhhetdonyedtdnmmat heatofhghed ereint @, emthedtimemtssi on
fromthe heating elenment 302 to the gas around the elenent is scarce,
wher eby ef figi Encypededuttd oparbon-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 described 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 the 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 rod, a plate or the like is smaller than those of the
conventional heating elements, the heating element can

emit infrared rays having sufficient intensity. As a

result, since the surface area of the heating element 302



due to heat em ssion fromthe heating elenent 302 is restricted. Because of
t he above-nenti oned reasons, when a constant voltage is applied to _th
infrared ray lanp, the emssion intensity of the third enbodi ment 2 044n
the part (a) of FIG 11 is about 20 to 30% hi gher than the em ssion
intensity, shown in the part (a) of the above-nentioned FIG 24, of the
conventional infrared ray |lanp having the_heating el ement 240 forned of
nichrome or tungsten. In the part (a) of FIG 11 and the part (a) of FIG
24, the conterindICl @F adain @hs Ob £t Hite @16 159é A0 1 oni1IEASKitY  NdilGaten 6 M | ar
intensity values respectively. However, the fact that the heating el enent
302 is formedtobmtile icat bopohaserk shubst ange d1emoh t essenttial then gtalze
present invention. Even if the heating elenent 302 is forned of the
convent i onadr oualirone edrerhemngsit B cadsn, whier b @dtdt fTi of ehbg heaticnd «al enent
302 is larger than its thickness t by five tines or nore, it is possible to
obtain emd&seonol hteerntsidyikhaviong feh thkathiest yndi ghetherect3@Rt wsas t hose
indicated by the intensity direction curves 307a and 307b shown in the part
(a) of FIGrddatr22tldC 2004 - 60 Although the heating el enent 302 of the
third enbodinment fornmed integrally into the shape of a rod or plate is
expl ai ned as an exanpBegcattse hefattilng abevenmenftioned reasons, when a

constant voltage is applied to the infrared ray lamp, the
emission intensity of the third embodiment shown in the
part (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 nichrome or
tungsten.

In the part (a) of FIG. 11 and the part (a) of
FIG. 24, the concentric gradations for the emission
intensity indicate similar intensity values
respectively.

However, 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 relatively high
directivity'as those indicéted.by the intensity direction

curves 307a and 307b shown in the part (a) of FIG. 1l1.



the present invention is not limted to this kind of shape; a bundle
obt ai ned by binding plural rod-like nmenbers for exanple may be used as a
whole to forma heating nenber. Furthernore, although the infrared fg)ﬁ;k&}@}z
of the third enbodi nent having the emission blocks 303 is explained " as
exanple, the present invention is not limted to this kind of structure. In
the case when the anpunt of the heat _tggnsmitted fromthe heating el enment
to the internal lead wires is scarce to the extent that the internal |ead
wires are not overheahedhfoargtexenpl Beiart irag cor daBae Wdh éhetBpeeahfigat i ons
of an infrared ray |lanp, the structure wherein the em ssion blocks are
omtted i s embsdiapplt cabtmred( { Rterdra Ehpoilhmentthle Naxdpe aofoar o derxodi nent
of the present invention will be described referring to the acconpanyi ng
drawi ngs. However ist bgpimtisre dlass anzesampledudhieormeaeihgdslamerithef | ke of
t he enbodi nent descri bed bel ow are only exanples preferable for an
enbodi ment tdie thee perseimvennient ienmo ThelrmppeidcablEh i ange dfofi bbapreesent
invention is therefore not limted by these exanples. Part (a) of FIG 12
is a plan aéwushdai agtadnadhfbaredidangl pipried accbrdbke emainble rishe ofour t h
enbodi nent 2 2 DEC 2004 - 61 of the present invention, and part (b) is a
front viewexaapeef Mayn bedditgedms R Ghadej §oafpams pedidaeingenendiean ng t he
infrared ray lanp of FIG 12. However, since
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
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 examples 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. 12 is a plan view showing an

infrared ray lamp in accordance with the fourth embodiment



the central portion of the infrared ray |anp can be understood from both
side portions shown in the figures, the central portion of the infrared ray
lanp is not shown in either of the figures. Furthernore, in the folu@ti]l’&tzm
enbodi ment, simlar conponents as those of the third enbodi nent shown in
FIGS. 9 and 10 are designated by the sanme nunerals, and their explanations
are omtted. The infrared ray |anp of _-the fourth enbodi nent has a
reflection film30la for infrared rays in a constant range on the external
face of theofl bbs s 8O asvemdivwoni naRiGpari? @mdl i3, a f oottt vaewt o t he
structure of the third enbodinment. The reflection film30la is a gold thin
fil mevaporidtedeod .t hénexad&thbiohacd Id¥- t he ghags namep80tiveo wisewo have a
t hi ckness of about Sam This reflection film 30la reflects about 70% of the
infrared rayowingt be fndmatreed ey i e |eihnd kG 302 - AdHeWeWaTi.nSERGS. 12
and 13, the reflection film 301la is disposed between the heat-emtting

bl ocks 303 PreovFgad ol ehtirdef jhhot hRE rafwrdsr ali do¥edc2® Beposition
opposed to the light- emtting portion of the heating elenent 302 in the

| ongi t udi naf"deFECEIOsh fTRit & th Thi der BPré&doingh SHawn Bo1ghaakigures,

sem -cylindrical shape, and the internal face 2 2 DEC 2004 - 62 of the
reflection FRENFSBERALSPAFSIRE P I BR H TRTBPPDIEJL aM® LReRtdERO%de face

302a of theiltlegglt%%reloegrepﬁe3%21.gurl3<;asr:n (a) of FIG 14 is a graph show ng the

Furthermore, in the fourth embodiment, similar
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fourth embodiment
has a reflection film 301a for infrared rays in a constant
range on the external face of the glass tube 301 as shown
in FIGS. 12 and 13, in addition to the structure of the
third embodiment. The reflection £film 301la is a gold thin
film evaporated on the external face of the glass tube 301
so as to have a thickness of about S54m. 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, disposed 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



di stribution curve 307d of the intensity of the infrared rays emtted from
the heating el enment 302 of the fourth enbodinment. Part (b) of FIG 14 shows
the cross section of the central portion of the infrared ray lanp df7 0b&
fourth enbodi ment having the heating el enment 302. The x and y axes shown in
the parts (a) and (b) of FIG 14 are orthogonal coordi nate axes on a pl ane
perpendi cular to the axial direction-ofzthe heating el enment 302 shown in
FIG 13. In the parts (a) and (b) of FIG 14, the origin O corresponds to
t he center cixithreofetfie diebon gl Bhalfeht 30Zisdosefiespars $o b oppbls@d 14,
the values in the radial directions designate the em ssion intensity of the
infrared r &, thadvifervalivess fiace heOciar odnftdremeéakingi reagmens @é<i.gnat e
angles with respect to the center axis on the plane perpendicular to the
axial direction of tRerhedfilng®felBhEnt 1302 s Thegeamiyl zowiagdddignat ed by
angles fromthe positive direction of the x axis. The concentric gradations
for the enmidisi®RlPHtR CROYE tHe7dpaftthe)ipfepsdtusf n‘éﬂ?%alt’éflfﬁéesfﬂarre
values of the gradations in the part (a) of. FIG 11. In addition,

constant pdrs oPmEbs oW |f§°é‘bptiti‘%dhet3(§lt“t9e s Rraréd 302y 9fanphe Sfﬁé§tthhe
measurenent nmethod is the same as that of the third enbodinment, its 2 2 0 E
C 2004 - 6FXMRIPFRARBE-onFiAT forfit } RFf %Grnﬁf‘cﬁf‘@&fsb}ht%é??ﬁ%n%?f:frlon

dIStrlbUtlon Cyﬁgecen rafrbé??l%ambééghgflﬁkgafga }Q%'ﬂﬁgﬁ”g? %ys from

fourth embodiment having the heating element 302. The x
and y axes shown in the parts (a) and (b) 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 (b) of FIG. 14, the origin 0
corresponds to the center axis of the heating 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 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
concentric gradations for the emission intensity in the
part (a) of FIG. 14 indicate the same values of the
gradations in the part (a) of FIG. 11.

In addition, a constant power of 600 W is applied
to the infrared ray lamp. Since the measurement method

is the same as that of the third embodiment, its



the heating elenent 302 are emitted nost intensely in the positive
direction of the x axis, that is, in a direction opposite to the reflection
plate 30la with respect to the heating elenment 302 (the right di refti%g in
the part (b) of FIG 14) . The nmaxi numenission intensity is about 1.0 2004
times as high as that of the infrared ray lanp of the third enbodinent. On
the other hand, the infrared rays frongghe heating element 302 are hardly
emtted in the negative direction of the x axis, that is, in the direction
wherei n tdwplahaanedc risg/sormaieteki.el ded by the reflection film30la (in the
| eft direction in the part (b) of FIG 14). Wen the intensity distribution
curve 307d in the pastifd)cateBlty thk is teorpared iwthibhe ioongentieonal
intensity distribution curve 271 indicated in the part (a) of FIG 26, the
em ssion iMedsitythe phetcdrrventfoRaAG. it ensh¢ yidEsamdiutrans clree 271 i s
substantially uniform in.a wide angle range near an area in the positive

di recti on the hemtkngxe semen tt BO 2ovkrer ehdrid;ed mase asengk liyhénf dbvet h
enbodi ment, the em ssion intensity gradually |lowers as the distance from
the x axi PINLthEepdsireickd Ol radetbhon 1 ericpf thakrlisebn Adireesabn the
em ssion intensity in the fourth enbodinent is larger than that of the
convent i oPP221PELt20Me BAf legdipine Planke tHel @ angEh vheFBRF & K@ thEensity
beconmes a maxi numvalue in the fourth enbodinent is narrower than that in

t he Conveﬁf?%ﬁépge§éﬁﬂleé\t 302 (the right direction in the part (b)

of FIG. 14). The maximum emission intensity is about 1.5
times as high as that of the infrared ray lamp 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 £ilm 301a
{(in the left direction in the part (b) of FIG. 14).

When the intensity distribution curve 307d 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. On 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



The infrared ray |lanp of the fourth enbodinment 1is thus suited to a case
wherein an object disposed in the positive direction of the x axis is

|l ocally heated for exanple. In the infrared ray lanp of the fourth

enbodi ment, the reflection film30la is produced in accordance mﬁch;ﬁm&gQW4
followi ng form ng process. (1) The glass tube 301 is fornmed into a
cylindrical shape. (Step 1) (2) The heaging el enent 302 and the |ike are

di sposed inside the glass tube 301, and the glass tube 301 is hernetically
seal ed. (See@mm)1€3) aGdl dhes egnper athwir ohnt hbeexiretemb itacdegfome heagl ass
tube 301 thereby to formthe reflection film30la. (Step 3) By formng the
refl ecti onmMaxdim@nlvaayveddscrtitedfonbée emivdieenéctison afinowad0lahean be
formed by using the external shape of the glass tube 301. As a result, the
reflectionﬁﬁQWn%wléhﬁaWQRY%mté@@@%ﬂ%#%@ﬁgeeylindrical shape can be
fornmed easily. In the above-nentioned process for formng the reflection
film30la, step 3 nay'be ERfFpregdbdiaheiyre fephe. four YiEempdineps
Furthernore, the reflection film 301la may  be forned by transfer or the

li ke, instdadtoeddgdiefl ittha cpsq Mienake an ohbter §5seaffidedotiheas

descri bed bel ow. . ) . . .
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 shape. (Step 1)

(2) The heating element 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 301 thereby to form the reflection f£film 301a.
(Step 3)

By forming the reflection £film 301la as described'
above, the reflection £film 301la can be formed‘byllsing the
ekternal shape of the glass tube 301. As a result, the
reflection £ilm 301la having an accurate semi-cylindrical
shape can be formed easily.

In the above-mentioned process for forming the
reflection £ilm 301la, step 3 may be carried out before step

2.



(1) A mxture of resin, gold and glass is formed into a filmand bonded to
the surface of the glass tube 301. (2) The filmbonded to the surface of
the glass tube 301 is baked thereby to vaporize the resin included DED jighe
film Transfer is carried out as descri bed above, and a gold filmis fornmed
on the surface of the glass tube 301. Since the internal face of the
reflection film30la in the fourth enbogi nent, used as a reflection face,

is made close contact with the external face of the glass tube 301, the
internal face does n@urakeraonteaCtthet betfhectaison FAlwhes epaveat anal
infrared ray |lanp shown in the above-nentioned FIG 25, the reflection

pl ate 280 if»rmidpogetranciiexr predeter hiiiked dpacts pdovtdedafpoomt hen.gl ass
tube 201; for this reason, the reflection face of the reflection plate 280
i s stai ned Iwm tthisdeersent Srawsfae ibikarfie bthe ast dedertimavdvieslowhi s ki nd
of problem has been solved in the fourth enbodinent. In the fourth

enbodi nent, the refl ect) enmidtmr 80l Hess for el i modtdhkashape ofrmaéd
external face of the glass tube 301, that is, a sem-cylindrical shape, and
i's maintaiimed i fhemshngebomked et petheosufifiageanfbeh?2 ZIPEG 200ke- 66
mai nt ai ned at substantially simlar shape for a longer tine than the
reflection3$ilate 280 used for the conventional infrared ray |anp.

(2) The film bonded to the surface of the glass
tube 301 is baked thereby to vaporize the resin included
in the film.

Transfer is carried out as descri?ed above, and
a gold film is formed on the surface of the glass tube 301.

Since the internal face df the reflection film
301la in the fourth embodiment, used as a reflection face,
is made close contact with the external 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 f£ilm
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 f£ilm can be



As described above, in the fourth enbodinent, the reflection film30la is
mai ntained for a long time, and the reflectivity of its reflection face
does not lower. The infrared ray |anp of the fourth enbodi nent t hdrkeBlr 204
mai ntains its good characteristics for a longer tinme in conparison with the
structure wherein the reflection plate 280 is installed in the conventi onal
infrared ray lanp. In the fourth enbodi e@ent, the structure wherein the
reflection film30la is formed on the external face of the glass tube 301

i s describ&thintannedadfl esubstiendiiallnespmédan shoeat ifor is hongkinited
to this structure; the structure wherein a reflection filmformed on the
internal fdce®fthpe gitessretibecidphelakd. 280nwei@ed £AT (e case of such a
structure, step 3 nust be carried out before step 2 in the above-nentioned
process foCdbfeRhgontde ¥FRFFREEIoF AN | hEMPn the case when the reflection
filmis formed on the internal face of the glass tube 301, the reflection
filmis not exposed t®StR&SgTiPehPe¥erefifedit®ntPHESD &N RRALBEEERed Wit h
adherents and the _lLi ke.. For_this_reason, just as in the case when the
reflection % TS FELHEE It thed B%Fenlﬁalmgfla{b%abf‘efihéog‘? d5s Bet 3B, the
good characteristics.,of the reflection filmare intai ned for 22 DEC2CL14
2767 & | oMt RS RO EAEE g g CRETSC HAAF § ARFS RO Ch¥B&Fson

;MmE ?a: 23 ?ayeﬁg gnl.hne r%a_%\%g\r/g:alye&tedm%n oth %thee 2f800u1|:§h é’lr%g((j)dfi%rer'{p%k?glme/ggg:leonal

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 embodiment, the structure.wherein
the reflection film 30la is formed on the 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
internal face of the glass tube may be used. However, in
the case of such a structure, step 3 must be carried out
before step 2 in the above-mentioned 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
reason, 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 for



since the reflection filmformed on the internal face of the glass tube
makes contact with the high-tenperature gas inside the glass tube, the

t hi ckness of the reflection film nmay be reduced by evaporation, dispersion
and the like, and its reflectivity nmay |ower. For this reason, |n thﬁtcu@@se
when the reflection filmis formed on the internal face of the gl ass

t he di stance between the reflection {fidm-and the heating elenent is
required to be set at a sufficiently large value. Al though gold used as the
material oft thngeef FeBei oh ¥howr30ea Sindedryi Fodneze anvekanflieng ninhe
fourth enbodi ment, nmetals other than gold, such as titaniumnitride, silver
and al uni nGAMRAAL HRN EEEN Ff]é?aFéSehHgPﬁgtH?gﬁeﬁéﬁC@éwmI?JyaFérZﬁﬁf%ér ed
rays and being. stable at high tenperatures are applicable. The reflection
fiim301la N&Athgt AT sERP- COATHIFLLAR Is RdPer 352 BeSEH bbdMBs aMC¥RAAI < in the
fourth enbodi nent; however, the present invention is not limted to this
shape; var isddéc%h%fb‘“esr%\?%eﬁﬁﬁrloi"cép Jé“ ifPTBR<i ORr BRroA Nde TRHRL It FecPfon

direction of infrared d of the sem - cgllndrlcal shape, the

shape of a {4 8135 ’éug’er‘BF5eS Cﬁ&lté"t%l Wigh bRedrt Bsé:qnﬂ"ec‘?%ggrge%’t‘?on for
| b th t flect fil 7. DEC 20 68
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plural st agited 1 neey3HCB A2 /b Eieth 2 RY YO0 (LG ahaRe, of s fhe Ietter

and its reflectivity may lower. For this reason, in the
case when the reflection film is formed on the internal
face of the glass tube, the distance between thereflection
film and the heating element is required to be set at a
sufficiently large value.

Although 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
titaniumnitride, silver and aluminum, can be used; metals
having high reflectivity for infrared rays and being
stable at high temperatures are applicable.

The reflection film 30la having a semi-
cylindrical shape is described as an example in the fourth
embodiment; however, the present invention is not limited
to this shape: various shapes are applicable in
consideration of the reflectiondirection of infrared rays.
Instead of the semi-cylindrical shape, the shape of61partb
of a circle, a parabola or an ellipse in cross section for

example may be used as the shape of the reflection film.



shape of a bathtub)) or a shape fornmed of a conmbination of straight and
curved lines (the shape of the letter U for exanple) or a flat shape in
cross section. The shape of the reflection film 301la shoul d only7lggta}0§hape
suited for obtaining the desired directional distribution of the" em’% ion
intensity of infrared rays. To formthe reflection film 301a having this
kind of shape, the portion of the glasggtube wherein the reflection film
30la is forned by evaporation or the Ilﬁe should only be formed into a
shape corr eaporide B@otre t het desi ped sshepe ob ke 4 edhepti evrfmMddl oEhias can
be attained easily by taken the mnmethod of formng the reflection film 301a
descri bed dmiwtieratfich fdth ehbodilmert))idlext]liaesi,f s crizodi aeparaef ofthe
present invention will be described referring to the acconpanying
drawi ngs. Howaefgohhethat ehiagles o fSitzRS, 1Pt OEHCTl Gor ratdwpseandrt hael i ke of
t he enbodi nent descri bed bel ow are only exanples preferable for an
enbodi nent dfapdeopr esbratthtivlvpht oona $he peppiocabélieofargecnfb imet poasent
invention is therefore not limted by these exanples. Part (a) of FIG 15
is a plan wfevsshanwghd @and igdiraeddliaed dMphée nshaper ddnddhenitdtthe Uifth
enbodi nrent 22 DEC 2004 - 69 of the present invention, and part (b) is a
front viewfahexwrplen agddetfdat shaepeldn srgsgesssdctiove Vikw sBAPR ng t he
infrared ray |lanp of FIG 15. However, since

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

for obtaining the desired directional distribution of the

emission intensity of infrared rays. To form the

reflection £film 301la having this kind of shape, the portion

of the glass tube wherein the reflection f£ilm 30la 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 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 an embodiment 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



the central portion of the infrared ray |anp can be understood from both
side portions shown in the figures, the central portion of the infrared ray
lanp is not shown in either of the figures. Furthernore, in the fisf. hC |
enbodi nent, the same conponents as those of the third enbodi nent vv% qq
FIGS. 9 and 10 are designated by the sane nunerals, and their expl anations
are omtted. The infrared ray lanp of .thg tifth enbodi nent has a reflection
film301lb for infrared rays in addition to the structure of the third
enbodi nent ,off usheapriesdarte icase tdfort heanBopaxtenth pned mouditdn enbadiwment .
However, in the infrared ray lanp of the fifth enbodinment, the reflection
film 301b ithdoenEd ofnt heldixttonal Fil&ce b fhea gleasspeabavdlvidwa
position different fromthat in the above-nentioned fourth enbodi ment.

Al t hough t lehoweihgcthenihAFEmr3Gilaagyf Lamp foduFtle erifodi ikoweverdi sposed so
as to be opposed to the wder side portion 2a of the heating elenent 302
(FIGS. 12 ae 18¢ntriEHe pnafteeni of ftiten 1861k refd theyf Lamp adodbeaent is

di sposed so as to be opposed to the narrower side portion 2b of the heating
el enent 30MNARES HFAPEY EAIOM 19 tk ricksde P@?Fé@ﬂs«/lsﬁww%hiafpeth%mﬂlgﬁFmsng

met hod of the reflection film301b of the fifth 2 2 DEC 2Q4 -

enbodi ment e SFRFFaL PBTEAGSe off thfe Indi e dohaYi I ABoig nef FH@WF’ourt h

enbodi nent . Part ga) of FIG 17 is a graph show ng the
in eitheTr of the figures.

Furthermore, in the fifth embodiment, the same
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the f£ifth embodiment
has a reflection f£film 301b for infrared rays in addition
to the structure of the third embodiment, just as in the
case of the above-mentioned fourth embodiment. However,
in the infrared ray lamp of the fifth embodiment, the
reflection £film 301b is formed on the external face of the
glass tube 301 at a position different from that in the
above-mentioned fourth embodiment. Although the
reflection film 301la 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 reflection film
'301b of the fifth embodiment is disposed so as to be opposed
to the narrower side portion 2b of the heating element 302.

The material, thickness, reflectivity, shape

and forming method of the reflection £ilm 301b of the £ifth



di stribution curve 307e of the intensity of the infrared rays emtted from
the heating elenment 302 of the fifth enbodinent. Part (b) of FIG 17 shows
the cross section of the central portion of the infrared ray |anp ?f @m
fifth enbodinment having the heating el ement 302. The x and y axes ‘showhiPh
the parts (a) and (b) of FIG 17 are orthogonal coordinate axes on a plane
perpendi cular to the axial direction-ofothe heating elenment 302 shown in
FIG 16. The x axis corresponds to the thickness direction of the heating
el enent 30Z2mkedimps tyangisieblasspoidy 1@ oththew ¢f hegitiedt £4dm B8A@of . I n
the parts (ag and %b) of FIG 17, the origin O corresponds to the center
axi s of thetf Helagi RguEIehegmbad2ment t he part (a) of FIG 17, the values in
the radial directions_designate the em ssion intensity of the infrared rays
, and the values in theréi g@drrf‘?efr ehffal 17difrecti 8PSttt RIaftdiees with
respect to the center axis on the plane perpendicular to the axial
direction SFLStREPREIOINGUSTERe?7802f HhestSRGISEL BE dds griat BaTEY
angles fromthe gosi tive €li_recti on_of the x axis. concentric. gradati ons

For the enSOnSRACERE (hF 0 EhE TBAtLRe) SSFTRI 021 Rl CR% & hetBam
val ues of th radations in the part ) FIG 1 In addition, .a
const ant poeiﬁit?o&“m%@ ‘W??rgpp(lqi)taooé.FZ{%EC?goﬁiiof”S?%het SﬁWiﬁ??gFQ& ray
o S o1 BRI P RO g e BT e PR L
embodiment having the heating element 302. The x and y
axes shown in the parts (a) and (b) of FIG. 17 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 the y axis corresponds to the
width direction thereof. 1In the parts (a) and (b) of FIG.
17, the origin 0 corresponds to the center axis of the
heating element 302. 1In the part (a) of FIG. 17, the values
in the 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 302. These angles are designated by
angles from the positive direction of the x axis. The
concentric gradations for the emission intensity in the
part (a) of FIG. 17 indicate the same values of the

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

In addition, a constant power of 600 W is applied



In the infrared ray lanp of the fifth enbodinent, the positive direction of
the y axis (the direction of the arrowof the y axis in FIGS. 16 and 17) is
the direction of the internal face of the reflection film 301b. As Zh@wb ion
the intensity distribution curve 307e of the infrared ray em ssion in the
part (a) of FIG 17, the emission intensity of the infrared rays fromthe
heating elenent 302 in the vicinity of yhe.y axis in the positive direction
thereof is lower than that in the wvicinity of the x-axis direction. On the
y axi s sidetonthehénfiegataderadyr etmpon ShHereonffhenmsgismiramenesneitdicatl by
the reflection film301b as a matter of course. Wen the intensity

di stributiovs ctir@esame ¢fs t hhatcodverhe ohhiridnfereredimegy t.anpt shown in the
part (a) of the above-nentioned FIG 26 is conpared with that of the fifth
ermbodi nent ,exmkaBAgiLer dryecmAtitiesl direction wherein the enmission intensity
is high in the fifth enbodinent is wder than that in the conventi onal
exanple. As a result,lRHe ¢ dirased 2T dnP tt hbeff $fhh eappodimemt J s
suited, for exanple, in the case when the center of an object to be heated
i s placed omemOSLEkre ddFechd amPiatde vagxranpths tihé'eﬁ&sll‘{‘?\@ dilv&ct i on
thereof and in the case when the entire flat face of the obj ect 22 DEC 2004
- 72 to bTEAVedE GHPcH PXiFerfeddi @Rt att 8Rchd ) aF s£h ‘Fs‘glﬁéété@n

uniformy. ({Sxth embOdi®Nt))e of the reflection £ilm 301b.

As shown in the intensity distribution curve
307e of the infrared ray emission in the part (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 £ilm 301b 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.embodiment, the angle range in the direction wherein
the emission intensity is high in the £ifth embodiment is
wider than that in the conventional example.

As a result, the infrared ray lamp of the fifth
embodiment is suited, for example, in the case when the
center of an object to be heated is placed on the y axis
of the infrared ray lamp in the positive direction thereof

and in the case when the entire flat face of the object



Next, a heating apparatus using the infrared ray Ilanp in accordance with
the present invention will be described as a sixth enbodinent. The infrared
ray | anp described in the above-nentioned third enbodinent is used as the
infrared ray lanp for the heating apparatus of the sixth enbodi menty 9 -~;cr§
the reflection plate 280 shown in FIG 25 is provided for this infrared’ %
| amp. All of the above-nentioned infrargeg ray lanps in accordance with the
above-nentioned first to fifth enbodinments are structured to have

subst anti altoy bs¢ nhéatedextwbriah s$hapergsndatudiart Heo coneeyt iaorisd , | Wér ar ed
ray lanp. For this reason, in a heating apparatus having the conventional
infrared r dedteng, uhifiogrmdagsy for ordinary engineers skilled in the rel ated
art to replace the infrared ray lanp with one of the infrared ray lanps in
accor dance Wtk titheefibodtiimemti ft h enbodi ments. Heating apparat uses each
having the conventional infrared ray lanp that is replaceable with the
infrared ray |anp of Né&wtprademtingannarm bdsdesénpgbelle dpoverader alie

foll owi ng apparatuses, for exanple. (1) Heating apparatuses, such as a
heater, a léMRatsy fECPFFHTEER ViAH tihchB T pealitng e EEPD #d 1k rP2 2 Utu
204 - 73 conditioner, an infrared treatnent apparatus and a bathroom
heater (2) 95SFTHPaBpacattusesXtBueAPRI et bt hi ng dri er,

The infrared 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
external shape as that of the conventional infrared ray
lamp. For this reason, in a heating apparatus having the
conventional infrared ray lamp, it is easy for ordinary
engineers skilled in the 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 described
above are the following apparatuses, for example.

(1) Heating apparatuses, such as a heater, a

kotatsu (a Japanese traditional heating device), an air



a bedding drier, a food treatnment apparatus, a garbage treatnent apparatus,
a heating-type deodorizing apparatus and a bathroomdrier (3) Heating-type
sterilizing apparatuses (4) Cooking apparatuses, such as an oven, an oven
range, an oven toaster, a toaster, a roaster, a warm ng apparatus, @) DEL 200
yakitori cooker (skewered chicken cooker), a cooking stove, a defroster a%é
a brewer (5) Hairdressing apparatuses, sych as a drier and a permanent wave
heater (6) Apparatuses f or f ixing letters, inages, etc. on sheets (a)
Appar at usescdd i eaphyyimg ant idifsplrayd byredsmeg t cagparautls asn@nalBP (| aser
beam printer), a PPC (plain paper copier) and a facsimle (b) Apparatuses
for thernalbdtlaneber hafaten original filmto an object by heating (7)
Sol dering heaters (8) Driers for sem conductor wafers, etc. (9) Apparatuses
for heating pure watef2wienyichemppaganasers, setah asna $dm ttoimlgctoier,
production processes, and (10) Industrial coating driers 2. 2 DEC 2004 74
| n ot her wor dsg¢ddangppbiriaeéns Bof oeshtti ngabdbhpedt sappgradiusy an gafbamced ray
| anp as a heat source can be an apparatus whose infrared ray |anp can be
repl aced witheatment apparatus, a heating-type deodorizing
apparatus and a bathroom drier
(3) Heating-type sterilizing apparatuses
(4) Cooking apparatuses, such as an oven, 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 permanent 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) Soldering heaters
(8) Driers for semiconductor wafers, etc.
(9) Apparatuses for heating pure water when
cleaning wafers, etc. in semiconductor production

processes, and

(10) Industrial coating driers



descri bed above. FIG 18 is a perspective view show ng the positional
rel ati onship between the infrared ray lanp and the infrared ray reflection
pl ate 308a of the heating apparatus of the sixth enbodinent. In FIEC 208,
the central portion of the infrared ray |lanp is not shown. Furthernore,
since the infrared ray | anp used herein is the infrared ray |anp described
in the above-nentioned third enbodi nent ;74 i.ts explanation is omtted. The
reflection plate 308a of the sixth enbodinent is forned of alum num has a
sem -cylindrical shape othsurwomgdaboan dpdatetshfomhaathngknbgectend has
a mrror-finished reflection face on its internal face. The infrared ray
reflectivityyoisihe pof lediiareplmae 3682 ass albmat 8owopce0¥AnTie an
reflection plate 308a is disposed in parallel with the center line of the
heati ng el e3pparalQs whiase dnfiezietdrndeblanpacanpbovidpdatesinmwith g er nal
face of the glass tube 301. The reflection plate 308a is installed by using
the center d¢pergpeheahedei ng el enent 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 B3Gt-o Ik ¥PppdsBETISP IRl VRd&ELeS FOPHPEI d18B02a of the
heating el ement 302. 2 2 DEC 2004 - 75 The reflection plate 308a fornmed of
al um num i spo%%‘ﬁllﬁi“r?édrﬁslaérﬂ%&%lﬁbpeb?ﬁwﬁﬁél het ArEMFdd FetY Lot Pdrd
instead of alum num materials having, high_ infrared ra¥ .

the infrared ray reflection®plate 308a of the heating

apparatus of the sixth embodiment. InFIG. 18, the central

portion of the infrared ray lamp is not shown. Furthermore,

since the infrared ray lamp used herein is the infrared

ray lamp described in the above-mentioned third embodiment,

its explanation is omitted.

The reflection plate 308a of the sixth

embodiment is formed of aluminum, has a semi-cylindrical

shape measuring about 0.4 to 0.5 mm in thickness, and has

a mirror-finished reflection face on its internal face.

The infrared ray reflectivity of the reflection plate 308a

is about 80 to 90%. The reflection plate 308a is disposed

in parallel with the center line of the heating element

302, with a predetermined space provided from the external

face of the glass tube 301. The reflection plate 308a is

installed by using the center line of the heating element

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 element 302.



reflectivity and being stable at high tenperatures, such as gold, titanium
nitride, silver and stainless steel, are applicable. The reflection plate
308a having a sem - cylindrical shape is explained in the sixth en?gqmggqﬂ;
however, its cross section can al so take other shapes, for exanple, a shape
having a part of a circle, a parabola or an ellipse; or a shape forned of a
conbi nation of plural straight lines, sych as a part of a polygon (the
shape of the Japanese letter ".J " for exanple), a shape fornmed of a
conbi nati on of them (the séapecafidhe Eng:i shishetbenedlbf &Dumaxaiplie) or a
fl at shape; the shape should only be a shape suited for obtaining the
desired direecpianakd dissanidxihmpieol nt hheesigsihoamibidensd iy ; diowafear.ed
rays. By installing the reflection plate 308a as described above, the
di recti onalin s¢adboffi el unfirlre, meatesiicnl s nh@nsngy hdfgt et nadradedavays has
substantially simlar shape as that of the intensity distribution curve
307d i n thedleth igniigdiamehtoestrogws T abflkeapantigbak eolp artwtuabevesnmemt i oned
FIG 14. Wth the above-nentioned structure, it is possible to obtain
infrared ra&s deehd ng itemiwmmidi ¥ edei. opal vdirsanidbst adn lefs st hé eenfi ssiren
intensity as that of the infrared ray |lanp of the fourth 2 2 DEL 20U4 - 76
enbodi ment .apelacped®lt, the heating apparatus of the sixth enbodinent is
suited for a use wherein an object disposed at a position opposed to the
refl ection face of 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 part of a circle, a parabola or
an ellipse; or a shape formed of a combination of plural
straight lines, such as a part of a polygon (the shape of

the Japanese letter "1 " for example), a shape formed 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 directional
distribution of the emission intensity of infrared rays.
By installing the reflection plate 308a as
described above, the directional distribution of the
emission intensity of the infrared rays has substantially
similar shape as that of the intensity distribution 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

intensity as that of the infrared ray lamp of the fourth



the reflection plate 308a is heated locally for exanple. The em ssion
intensity of the infrared ray lanp of the third enbodi nent has directivity
in the x-axis direction as showmn in FIG 11. For this reason, in %Q?Unw 0k
heati ng apparatus of the sixth enbodinment, the em ssion intensity khg
infrared rays by the reflection plate 308a becones higher than that of the
conventional exanple. In addition, in yhe-case when the reflectivity of the
reflection plate 308a is reduced consi derably because of changes with tine,
t he adher ermmebodimeaitns, Ast @ ,réehultef fdd beathediarpeiranals diStthéuti on
of the emssion intensity in the sixth enbodinent is |less than that in the
case when tdiexthnemboiddmdnt nfsased ey farpashmm wineFeGn a2 ¢sjasdd f or
exanple. ((Seventh enbodi nent)) Next, a heating apparatus using the infrared
ray |anp idispesedanteanrpl ittheopraseaseidntentihenrwiilledpeiodeferciebed as a
seventh enbodi ment. The infrared ray |anp of the heating apparatus of the
sevent h enbdk mef lestdomuPlate’l SAeh ihadreakhed derladcky drPplesamBidga
described in the above-nentioned sixth enbodinent is disposed 90 degrees
rotated around the cERBePMiFfdost iHenhiFdrel e infparedorpeclao®s - 77
FIG 19 is a_ perspective view showing the_ positional relationship between

the infrarRf riyel &b ThPMP AL LR RS r 4y T iset FHnipI &0 308B%6F t he

heatin
9 direction as shown in FIG. 11. For this reason, in the

heating apparatus of the sixth embodiment, the emission
intensity of the infrared rays by the reflection plate 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 conventional infrared ray lamp shown in FIG.
22 is used for example.

(seventh embodiment)

Next,aheatingapparatususingtheinfraredray
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 that the
reflection plate 308a described in the above-mentioned
sixthembodimentis(ﬁﬁposedfﬂ)degreesrotatedaioundthe

center line of the infrared ray lamp.



apparatus of the seventh enbodi nent. However, in FIG 19, the central
portion of the infrared ray lanp is not shown. Furthernore, since the
infrared ray lanp used herein is the infrared ray |anp described in29hg( 900,
third enbodinment, its explanation is omtted. As shown in FIG 19, the
reflection face, that 1is, the internal face of the reflection plate 308b,
is disposed so as to be opposed to theyparrower side portion 302b of the
heati ng el enent 302. By disposing the reflection plate 308b as described
above, the directiondI@i sipi g ionperspleetion sgiow isevisngytbie i nfrared
rays is substantially equal to that of the fifth enbodi nrent shown in the
part (a) ofostinel abalerabatiionehip Retitfeennthhehienf neres, reynlhap and
directional distribution of the em ssion intensity as that of the fifth
embodi ment tden brfparadnedhyrasiieg tiwn phatar 89 dtyof afipeohaadfelingird
enbodi nent. The heatin apparatus of the seventh enbodinment is thus suited
for a use2RR3husHEL &itg Fe vianth eae dimentebj Bewepladced i H1Gpat 4l | el
with the heating el enent 302 and opposed to the reflection plate 308b is
heat ed sub$téntCie 152 LAIoEHPY OF ofh @ xdanprareAuF eHet ABPel Stheti s PHRed ray
| anp of the third 22 DEC 2004 - 78 _enbodi nent shown in FIG 10 has.
directivityYHreedB8ersn SiiMtThstey A8LIRGR1 iTAE E2MP1usPEd (h&Fe1nFdF this

reason, in.the heatihg agga&atus of the seventh enbodi nent, in the
the infrared r amp described in the third embodiment,

its explanation is omitted.

As shown in FIG. 19, the reflection face, that
is, the internal face of the reflection plate 308b, 1is
disposed so as to be opposed to the narrower side portion
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. 17. In other words, similar
directional distribution of the emission intensity as that
of the fifth embodiment can be obtained by using the
infrared ray lamp of the third embodiment. The heating
apparatus of the seventh embodiment is thus suited for a
use wherein the entire flat face of an object placed in
parallel with the heating element 302 and opposed to the
reflection plate 308b is heated substantially uniformly
for example.

Furthermore, the infrared ray lamp of the third



case when the reflectivity of the reflection plate 308b is reduced

consi derably because of changes with tine, the adherence of stains, etc.,
the effect on the directional distribution of the em ssion intensi tz m
less than that in the case when the conventional infrared ray |anp éHoly 2004
in FIG 22 is used for exanple. In the infrared ray |anp of the present
invention, the intensity of the infrargg rays emtted fromthe heating

el enent has directivity described below. In other words, the em ssion
intensity afmdd@imphrtasédwaysn bETONMes 0ahawd ikt Yakue v nd hemi Bsalomess
direction of the heating elenent, and the intensity in the width direction
of the hedtntgneiégeas diaswa sl I1Gval Udt hatsa f subBbdanthakl yeanegl,i gi bl e
in conparison with the maxi num value. The conventional reflection plate is
not requir e tdebbeased g fampatehua @ e ivhercsian th emboediee rtay ilmtpehavi ng
such directivity is suited, whereby the |l anp can be structured sinply. The
infrared r @asamphaavihg meifslett it tive odfoddhe noef tagdd aredutaten3PBbt he
reflectivity of the reflection plate, thereby preventing reduction in

ef ficiency.l9 Feghtted gien$hdemadas ® agps ¢ et igligrged wayh tameg .othehe
present invention has a reflection film the intensity distribution curve
of the enm SIRronrcehef28tPECDO®L G- 7othefared Pay $heniditrar torethe
heati ng el enent can be ac%j usted to have a predeterm ned shape. As a result,
the intens}iStotPikéoMnrlaltd® ea/ssS eh? Bt 2B PR SUineces s §s than that

in the case when the conventional infrared ray lamp shown
in FIG. 22 is used for example.

Intheinfraredraylampcﬁfthepresentinvention,
the intensity of the infrared rays emitted from the heating
element has directivity described 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 infrared 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 £ilm, the

intensity distribution curve of the emission of the



directions can be restricted, whereby the infrared ray |anp of the present
i nvention exhibits good em ssion efficiency. Furthernore, unlike the
reflection plate, the reflection face of the reflection filmis El(r?t Eﬁ}t%&ned
by external adherents and the |ike. Mreover, changes wth tine f Q el 0l
shape of the reflection filmand the Iike are less significant than those
of the reflection plate. As a result, the_high reflectivity of the
reflection film is maintained for a | onger period than that of the
reflection pleterefhedyd raned tedy dodm ohet he 40 B5§NE Lemitent é@A blerefore

mai ntains its good characteristics for along tine. In the infrared ray
| anp of theadijesesid tbveatieon, prbieprednined $hapeefl act honekiulld atth
position desirable for the heating elenent, the intensity of the infrared
rays refl ecieenbytgndentihéednffrandderagtl eatitonedi m camdeessacyeased in
a specific direction, and the range of the high em ssion intensity can be
narrowed. Abimecésonts, dde benfeastadi ¢ tydl amheofett et peesetraneéntiagn
having this kind of reflection film becomes a device suited for a use
wher ei n t helampaoifn tihtee mireeenitorn ropposédnt exthhid 1e$| govidoremis$ hrns heat ed
locally, for exanple, suited for fixing and the like in a copier. 2 2 DEC
2004 80 Fuwriheeieney i nhurethafnared raylikeptofe thef lpecédeom blaeati on, by
providing the reflection filmat another position desirable for the heating
el enent, théhe reflection face of the reflection film is not stained

by external adherents and the like. Moreover, changes

with time in the shape of the reflection £ilm and the like

are less significant than those of the reflection plate.

As a result, the high reflectivity of the reflection f£ilm

is maintained for a longer period than that of the

reflection plate. The infrared ray lamp of the present

invention therefore maintains its good characteristics

for a long time.

In the infrared ray lamp of the present invention,

by providing the reflection film at a position desirable

for the heating element, the intensity of the infrared rays

reflected by and emitted from the reflection f£film can be

increased in a specific direction, and the range of the

high emission intensity can be narrowed. As a result, the

infrared ray lamp of the present invention having this kind

of reflection 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 like in a copier.



intensity of the infrared rays reflected by and emtted fromthe reflection
filmcan be made substantially the sanme, whereby the range of the em ssion
intensity can be widened. As a result, the infrared ray |anmp of 3?? Eﬁﬁﬁgnt
invention having this kind of reflection filmbecones a device sui g r
a use wherein the entire flat face of an object placed in parallel with the
heati ng el enent- and opposed to the refBection filmis heated uniformy, for
exanple, suited for a toaster. In the method of producing the infrared ray
lanp in accordance mf?ﬁtpﬁéﬂﬂ¥%en%nlﬁ%@ﬂ#%ﬁFaFﬁélﬁﬁY gmenofitheis
formed by using the shape of the glass tube. This facilitates the formation
of the sempqﬁﬁ?ﬂBrF@MeWEﬁ?%ctPgnQQQYﬁd+H9tWQQK%ﬁfﬁacém&ﬂfﬁhémlﬁt
accordance with the present invention, the infrared ray np of the present

i nvention ﬁ%?%?ﬁFIBPS§$%ﬂPe%§¥ﬁEF bdfe ({RE G eRERSHRY Q#ﬁT%PEd t&F | anp;
for this reason, the infrared r t he_conventional heatin

appar at us cdht Hes r&El RfedNf twggﬂﬁeﬁnfrtag’rseoc‘?’%/eFﬁﬁﬁ (S’fy 9 p?%%é%ted

I nventl on. t V dl n e CO ventl onaI | ap ar at us
IR A

Wih the | AUERT §§'f|laeﬁpbtylh§w RS PR ATSS PR pEan Sntengity of
char act er{ ST SEERET e TOBTRT GEa: MR Ao OReAb 78 APphr ALE SCARCER G
characteris d,an e 51 o sed for
heating ObjAggsrgsulQ.anhe inEQ‘%e@%&V‘QaﬁB%‘E%Wé p(}reégr?t p:{r?égm:ion
havingthiskindofreflectionfilmbecomeséideviqesuited
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 semi-cylindrical
reflection f£ilm.

In the heating apparatus in accordance with the
present invention, the infrared ray lamp of the present
invention has similar shape as 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 invention. As a
result, by providing the conventional heating apparatus
with the infrared ray lamp having directivity in the

emission intensity of infrared rays, a heating apparatus



invention, by installing the sem-cylindrical reflection plate instead of
the reflection film the direction curve of the intensity of the em ssion
of the infrared rays can be adjusted to have a predeterm ned sha%e ¥$E®L
this structure of the infrared ray | anp of the heating apparatus ,%P
present invention, the intensity of the infrared rays emtted in
unnecessary directions can be restrictedy -In addition, even if the
reflectivity of the reflection plate lowers, the directivity of the
infrared rayavang igvodhothapagftfegristias cant He cabtadhnetthe xo@vehe onal
apparatus, since the infrared ray |lanp has directivity. For this reason,

t he heati nghedtiitidenepast tisechaal ¢ s e dfvar Arad inmg ebdeadan e wormst-he
present invention is superior to that of the conventional apparatus. In the
heati ng apparatus in &8cébdardteating arPapreyencfi MentPBASE®E provi di ng
the reflection filmat a position desirable for the heating el enent, the
intensity bBRVeR&ionfr Bvednsdpl ¥ergdhed Hyiaf ldfidnieeiroepfipetion
reflection filmcan be increased in_a specific direction, and the range of
the high en?53f6ninptensi pf ERR Pefle&trivied 118, SLhediFecEh@DhEREVIRY
apparatus of the resent invention having this kind of reflection film
becones a d%@i%%esﬁ?F%HSFGﬁ’ REusE R ST R hride i Fnthared BEY 26648 - 82

direction opposed to the reflection filmis heated ,locally. Furthernore, in
t he heatindggp8§ﬂ§§ ft?h ave a pre etermlnef shape. %lth 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 addition, 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, since the infrared ray lamp has directivity.
For this reason, the heating efficiency of the heating
apparatus in accordance with the present invention is
superior to that of the conventional apparatus.

In the heating apparatus in accordance with the
present invention, by providing 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 result, the heating apparatus of the
present invention having this kind of reflection film

becomes a device suited for a use wherein the area in the



present invention, by providing the reflection filmat another position
desirable for the heating elenent, the intensity of the infrared r%yaP WA
reflected by and emtted fromthe reflection filmcan be rmade subst-a

the sane, whereby the range of the em ssion intensity can be w dened. As a
result, the heating apparatus of the present invention having this kind of
reflection filmbeconmes a device suitedg2fer a use wherein the entire flat
face of an object placed in parallel with the heating el enent and opposed
to the refdieee¢bhoni oROxshéated tivd foefilgctAlathotghnt A¢ frezead invention

has been described in terns of the presently preferred enbodi ments, it is
to be underl@@®Yl¥hat such disclosure is not to be interpreted as Ilniting
but various alterations and nodifications will no doubt beconme apparent to

those skilled in thfaFtheEmHIth the thicedtit tiAGe MARME PERBaCHs, thaf ter
havi ng read the above disclosure; accordingly, it is_intended that the
appended cIRF$%eBE LRVETr e Rd RBY Hﬁﬂ%%?h@gamh%ﬂ?%?é?FGﬁ?QﬂEP m at
nodi fications as fall within the true spirit and scope of_ the invention.
| NDUSTRI AL %?%’ABPEFW“% P RLEAP Lttt i Uhe P%Péﬁ“r?g etloe‘&e%atu R
e e e h L R et
Long 11T B dging B0 IE 58 £ RS éysu%sseeag%laﬂeyafthzoggr%g and

whereby the range of the emission intensity can be widened.

As aresult, the heating apparatus of the present invention

having this kind of reflection £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 £ilm is heated uniformly.

Although the present invention has been

describedjxlterms(ﬁfthepresentlypreferredembodiments,

it is to be understood that such disclosure is not to be

interpreted as limiting, but various alterations and

modifications will no doubt become apparent to those

skilled in the art to which the present invention pertains,

after having read the above disclosure; accordingly, it

is intended that the appended claims be interpreted as

covering all altefations and modifications as fall within

the true spirit and scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention, relating to a heating

apparatus for heating objects, rooms, etc., can provide



a versatile apparatus wherein the directivity of infrared ray em ssion can
be sel ected depending on an object to be heated. 22 DE . 20004 - 8@ CLAI V5
1. An infrared ray lanp conprising: at |east one heating el ementZ A \&ﬁﬁWa
substantially plate shape or rod shape, having recessed portions in the
vicinities of both ends thereof and formed of a carbon-based substance,
heat-em tting bl ocks havi ng good conducggvity to which both end portions of
said heating elenent are inserted and bonded, a sintered substance of a
car bon- basetl agdhtdinge apparated dhatheemdhdi ngfzresdofrays diialaliyvng el enent
bonded to said heat-emtting blocks at the regions in the vicinities of
both end potfféadentdivudintg hde 2eckergedifpobli v5sind IR Wnhearedy rélyenent ,
a glass tube in which said heating el enent, said sintered substance of said
adhesi ve antRBRi diFed é1fiqad | 7§ abhe&ks s ¢rer neRlc £y TP BT P¥dEEher
with an inert gas, ~and lead wires electrically connected to said heat-
enmitting bldMEL ST hbleRPPBFAITHF Vo Tk g diTar biv 16 oSaluf grassd t ube.

2 2 DEC 2004 - 85, . . .
ray emission can be selected depending on an object to be

heated.



2. An infrared ray lanp in accordance with claim 1, wherein a groove is
formed in the face of said heat- emtting block bonded to said heating
elenent. 3- An infrared ray |lanp conprising: at |east one heating el enent
having a substantially plate shape, having recessed portions in the DEC 200
vicinities of both ends thereof, and fgrned of a carbon- based subszgncé,

heat-em tti ng bl ocks havi ng good condu %Fvity and each split into two

pi eces, between which both end portions of said heating el enent are

sandwi ched{lLalsiont er ed substance of a carbon-based adhesive sintered on the
bondi ng faces of said heating element bonded to said heat-emtting bl ocks
at the regions in the wvicinities of both end portions including the
recessed portions of said heating elenent, a glass tube in which said
heati ng el enent, said 1 siat an€édasedstancdeang coapdiathesi ve and sai d

heat-em tting blocks are hernetically sealed together with an inert gas,
and |l ead wires el ectrizglleastonnechest irgy sAlefheh@ahavam t4 i ng bl ocks, the end
portions of which are taken outside said glass tube. 22 DEC 2004 -86 4. An

infrared raysdym¥fanitladggopUane eshigeh ogl ab@ sapavheitingargsedat ed portion
is formed on at | east one of said heat-emtting blocks so as to be fitted
into said 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 sald heating element are
inserted and bonded,
a sintered substance of a carbon-based adhesive
gintered on the bonding faces of sald heating element
bonded to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,
a glass tube in which sa;d heating element, said
sintered substance of sald 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 are led out of

sald glass tube.



recessed portion of said heating elenment. 5. An infrared ray lanp in
accordance with claim 1, 2, 3 or 4, wherein said heat-emtting blocks are
formed of a carbon-based sintered substance. 6. An infrared ray lanp in
accordance with claim 1, 2, 3 or 4, wherein said adhesive is forn@d BEC 204
l'iquid carbon-based substance that bec es a car bon- based sintered
subst ance when heated. 7_ A nethod of producing an infrared ray |anp
conprising: a step of form ng recessed portions in the vicinities of both
ends of at |east one heating element having a substantially plate shape or
rod shape and forned of a carbon-based substance, a step of applying a
| i qui d adhesi ve formed ofAra inézr5ef- basetrdr ganiaecaudarem el o ARé™r egi ons
inthe vicinities of both ends including the recessed portions of said
heati ng el enlentwhexednep gfodveserd ifingmadd ibobide ntpdsotdf eadd2ReEL2004 - 87
portions of said heating elenent to the end portions of heat-emtting
bl ocks havi rgnigadehgcbidukt bumndsad by wsildghsat ting agltrewinte, a step of drying
and firing said heat-emtting blocks and said heating el enent bonded to
each other, and a step of sealing said heating elenent and said
heat-em tting bl ocks inside a glass tube together with an
3. An infrared ray lamp comprising:
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 pleces, between which both end
portions of said heating element are sandwiched,
a sintered substance of a carbon-based adhesive
sintered on the bonding faces of said heating element
bonded to said heat-emitting blocks at the regions in the
vicinities of both end portions including the recessed
portions of said heating element,
a glass tube in which said heating element, said
sintered substance of said adhesive and sald heat-emitting
blocks are hermetically sealed together with an 1lnert gas,
and
lead wires electrically connected to said heat-

emitting blocks, the end portions of which are taken

outside said glass tube.



inert gas, and of taking the end portions of the lead wires electrically
connected to said heat-emtting blocks outside said glass tube. S. An
infrared ray | anp conprising: a heating el enent having a substantiall

pl ate shape, the width of which is larger than its thickness by fﬂ@&%i?tﬁﬁs
or nore, a glass tube in which said hq@%{ng elenment is hernetically sealed,
an el ectrode enbedded at both end portions of said glass tube, electrically
connected to both ends of said heating elenent respectively and al so
electrically connected to an external electric circuit, a connection device

secured to both end pO&ti;Qr?Sinfgf ~ai gahepting 2Bl A &SREGH Vehymand
electrically connected to sal aheatlng el enment, a sintered substance of a

carbon- based;adhesiue, %5%9599&5_&%ti%knasrggn% tdhe gonaest i fig faces of

sai d heating el enents, ead wites secured to said connection devices

and sai d el ectodes, 0,3 4RqPHI bl 6nds, Obe sai d eatipus gl ement at
Uséd 1o e ?Iy

predet er m ne ensi on an ectrica connect said connection

devices to sg%?e§%%§ 19463, g?eggi ﬁ§§€1n§099§&§ Pn devi ce has a heat -

emtting blo ross-sectional ‘area of which is larger than the
cross-sectional area of said heating elenment on a

5. An infrared ray lamp in accordance with claim
1, 2, 3 or 4, wherein said heat-emitting blocks are formed

of a carbon-based sintered substance.

6. An infrared ray lamp in accordance with claim
1, 2, 3 or 4, wherein said adhesive is formed of a liquild
carbon-based substance that becomes a carbon-based sintered

substance when heated.

7. A method of producing an infrared ray lamp
comprising:

a step of forming recessed portions in the
vicinities qf both ends of at least one heating elgment
having a substantially plate shape or rod 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 including the recessed portions of
said heating element,

a step of inserting and bonding both end



pl ane perpendicular to the direction of the current flowng through said
heating elenment, in order to prevent said lead wres from being overheated
by emtting heat transmtted fromsaid heating elenent. 9. An ingég g92®ﬂy
| anp conprising: a heating elenent having a substantially plate B ; e
wi dth of which is larger than its thicg?ess by five tines or nore,

heat-em tting bl ocks havi ng good conductivity to which both end portions of
said heating el enent are bonded, a sintered substance of a carbon-based
adhesive sintered on the bonding faces of said heating elenent, a glass

tube in which,$aidedkl Qgielﬁm%sele%mettbc%éy@@@ag&%oaa §kectrode
enbedded at both end portions of 2ZULU2004 - 89 said glass tube,

electrically ectedt, b,_ends, { i3d -beaLipg, £l-emBnt sk ESP. jvely
and al so ele8%$?22%1$Ql£§nEg%ted g%Vg%; x?grngﬁaé?gg%f¢€q§}%guﬁﬁ,ggﬁ% a

reflection fié&ﬂfor reflecting infrared rays provided on the internal or

external . facd ot sai'd glass tube so that the em ssion intensity of said

Lrered rays emited [romeais hogting sl EIERL hes ALBLROSL LR
bei ng substant] ably 599,20 HLLD: L% SEMChohhDR B 8L fisali ng,gl ement i
a step of sealing said heating element and said
heat-emitting blocks inside a glass tube together with an
inert gas, and of taking the end portions of the lead wires

electrically connected to said heat-emitting blocks outside

sald glass tube.

8. 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 morse,

a glass tube in which said heating element is
hermetically sealed,

an elgctrode embedded at both end portions of
said glass tube. electrically connected to both ends of
said heatling element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element,

a sintered substance of a carbon-based adhesive



direction thereof is provided along substantially simlar |ength as that of
the infrared ray emtting portion of said heating elenent, and said
reflection filmis disposed that the central portion of the crosslseidtl o4
of said reflection filmis opposed to the wi der side portion of said
heating elenment. 10. An infrared ray |lgnmp conprising: a heating el enent
havi ng a substantially plate shape, the wdth of which is larger than its

t hickness by five tines or nore, heat-emtting bl ocks having good
conductivity to which both end portions of said heating el enent are bonded,

22 DEC 2004 -90 a;g§isted esh sulsianeecoing £adbonhased adheshye1amentered on
t he bondi ng faces of said heating el enent, a glass tube in which said

heating el enent Lgg hernetically sealed, and an el ectrode enbedded at both
end portions of said glass tube, electrically connected to both ends of

sai d heating el enent respeﬁ%%geg¥réﬁfkéﬂﬁ¥%dek%CE5583é$ﬁh?é¥¥3%e%£%§c£9 an

external electric circuit, an r ection filmfor reflecting infrared

rays provided Oﬁnﬁhgaiﬁ't@ié@dro;&%fseékeéga{of ] _Q:Tot%aie?xdgl sts%iﬁt?x%a%‘inbhat

the em ssion intensity of said rared ray emtted Trom sal eating
el ement has a pr%ﬂ%%8£91Q€Qa ﬁyéﬁéyegﬂahgg’tension and used to electrically

connect said connection devices to said electrodes,

wherein saild 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 emltting heat transmitted

from said heating element.

9. An infrared ray lamp comprising:

a heating element having a substantially plate
shape. the width of which is larger than 1ts thickness by
five times or more,

heat-emitting blocks having good conductivity to
which both end portions of saild heating element are bonded,

a sintered substance of a carbon-based adhesive
sintered on the bonding faces of said heating element,

a glass tube in which said heating element is
hermetically sealed,

an electrode embedded at both end portions of



wherein said reflection filmhaving a sem - cylindrical shape being
substantially coaxial with the center line of said heating elenent in the
| ongi tudinal direction thereof is provided along substantially simlar

|l ength as that of the infrared ray emtting portion of said heatiQQZUECZUA
element, and said reflection filmis diggposed that the central portion OP
the cross section of said reflection @ilnlis opposed to the narrower side
portion of said heating elenment. 11. A heating apparatus provided with 22
DEC 2004 -91 an infrared ray |lanp conprising: a heating el enent having a

substant i al |y pLatg Shape. Lhe vl 0L, of) NI Gl LE LaT 98T oAl ok i ckness

by five times of no eat-em tirng s having good conductivity to
substance of a Sarbr Dy detelE Vel Skt At TR e B ot i o
ot et Loal Ly seaPal T Sitart StoeENbEdat B Coachehs’ B ons of  said
Peapect ively and al o of bt PPELTy O EaiBef o8 T8L uf BHICrASr "Bl Sotig
circuit, and a roflectsofh Aha §at Olnl BT LIS T 2089 F AR 4 glass
tube so that the emission intensity of said infrared rays
emitted from said heating element has a predetermined
distribution,
wherein sald 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, and
said reflection film 1s disposed that the
central portion of the cross section of saild reflection

film is opposed to the wider side portion of said heating

element.

10. 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,

heat-emitting biocks having good conductivity to

which both end portions of said heating element are bonded,



so that the intensity of said infrared rays emtted from said heating
el enent has a predeterm ned directional distribution, wherein said
reflection plate is disposed that the central portion of the cross gelﬁt[ffﬂﬁ'
of said reflection filmis opposed to the wi der side portion of sai'2 /
heating elenment. 1.2. A heating appar_ﬁ)éu_s provided with an infrared ray
| anp conprising: - 92 2 2 DEC 2004 a ating el enent having a substantially
pl ate shape, the width of which Is larger than its thickness by five tines
or nore, heat-em tting bl ocks having %ood conductivity to which both end
portions of said heating 8l eherresd subghaeae ©h 3iFR%I8d Pagpst aMeesbie a
car bon-based adhesive sintered on the bonding faces of said heating el enent,
a gl ass tube | nswktererdaird theabPhging aipdas o SREAnREREHT PleB&NEd, an
el ectrode enbedded at both end portions of said glass tube, electrically
connected to both ends of a ga#gs Hedtsi ig eghéaknsaiedpedtingekbyernamdt al %o
electrically connected to an external electric circuit, and a reflection
pl ate for refl ebermgticallar s¢adagjs and that the intensity of said infrared
rays emtted from said heating el ement has a predeterm ned directional
di stribution, an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit, and
a reflection film for reflecting infrared rays
provided on the internal or external face of saild glass
tube so that the emission intensity of sald infrared rays
emitted from said heating element has a predetermined
distribution,
wherein said reflection film having a semi-
cylindrical shape being substantilally 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, and
said reflection film is disposed that the
central portion of the cross section of said reflection

f1lm is opposed to the narrower side portion of said

heating element.

11. A heating apparatus provided with



wherein said reflection plate is disposed that the central portion of the
cross section of said reflection filmis opposed to the narrower side
portion of said heating el enment,

2 2 BEC 2004

-91 -

an infrared ray. lamp comprising:

a héating element having a substantially plate
shape, the width of which is larger than its thickness by
five times or more,

heat-emitting blocks having good conductivity to
which both end portions of said heating element are bonded,

a sintered substance of a carbon-based adhesive
sintered on the bonding faces of said heating element,

a glass tube in which said heating element is
hermetically sealed,

an electrode embedded at both end portions of
gsaid glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit, and

a reflection plate for reflecting infrared rays
so that the intensity of said infrared rays emitted from
said heating element has a predetermined directional
distribution,

wherein said reflection piate is disposed that
the central portion of the cross section of said reflection
£ilm is opposed to the wider side portion of said heating

element.

12. A heating apparatus provided with

an infrared ray lamp comprising:



22 DEC
oy 2 OEC 2004

a heating element having a substantially plate
shape, the width of which is larger than its thickness by
five times or more,

heat-emitting blocks having good conductivity to
which both end portions of said heating element are bonded,

a sintered substance of a carbon-based adhesive
sintered on the bonding faces of said heating element,

a glass tube 1in which sald heating element is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electrically connected to both ends of
saild heating element respectively and also electrically
connected to an external electric circuit, and

a reflection plate for reflecting infrared rays
so that the intensity of said infrared rays emitted from
said heating element has a predetermined directional
distribution,

wherein said reflection plate is disposed that
the central portion of the cross section of said reflection
fi1lm 1s opposed to the narrower side portion of said

heating element.



