- 1 - DESCRIPTION Infrared ray |anp, heating apparatus and nethod of
producing the infrared ray | anp TECHNI CAL FI ELD The present invention
relates to an infrared ray lanp to be used for a heater for heating objects
and a space heater for heating roons, etc. (hereinafter referred to as 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 emept, to a heating apparatus using he,infrared ray |lanp, and to a

met hod of producing the infrared ray | anp. BACKGROUND ART A conventi onal
infrared ray |anp causes a  probPé& GWH@EEIﬁNits 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 |anmp conventionally used as a heat source, an infrared ray |anp_ having
a tungsten spiral filfiRARCHSIY d2Mhe et iRy FRPRFBAUST 2Bdghgsdhadibe by
a nunber of supports of tungsten is used. However, the infrared ray

eni ssi on r afe PgOGHelREn§SLed i &L loRys 1@MP 30 to 39% and the rush
current at the tinme of turning on is high. Furthernore, it is necessary to
use a nunber of

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
'acarbon-basedsubstanceasaiheatingelement,t051heating
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

'Q_i' 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,



t he tungsten supports for holding the tungsten spiral filanent at the
central portion of the glass tube, and the assenbly work for them was not
easy. In particular, sealing the plural tungsten spiral filanments in the
glass tube in order to obtain high output was very difficult. In order to
sol ve these problens, an infrared { ray |anp, wherein a carbon-based
substance fornmed into a rod shape is used instead of the tungsten spiral
filaments as a heating el enent, has been_proposed conventionally. As such
a.cohventional infrared ray lamp, an infrared ray |anp disclosed in
Japanese Palol itshed sUnexmaintitesl RadienturApplti aat the, tRmad iofatnam iNog diei
11-54092 applied by the sane applicant as that of the present invention is
avai |l abl e. iS hdeyt .he foarbivarbhased dubisaneedsrEnmay highisé rd mamdse r ayf
em ssion rate of 78 to 84% the infrared ray ( em ssion rate of the infrared
ray | anp althe becogeteh glupihyrtusi figrt e loht bhgnthasachsgdseéans@iasala heati ng
el ement. Furthernore, since the carbon-based substance has a negative
resi st ance ftidnes @t e arcaat eradtpernbeneof the gl@ssstuine g aad uehd ower s
as the tenperature rises, the carbon-based substance has a significant
characteri sitssemiolycapaid e€mf tbduncwrg inct resabhycur fantpattidelacne of
turning on. FIGS. 20 and 21 are front views show ng the 3,- conventi onal
i nfrared r &edlipg ddserp bedalntdaganesespRuldl shHdchmdmikam mathdaflend s
Application, Publication No.

tube in order to obtain 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
(w 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



Hei 11-54092, wherein the carbon-based substance is used as a heating
elenment. Part (a) of FIG 20 is a view showing the structure of the |ead
wire taking-out portion of the conventional infrared ray lanp in which a
heating el ement 200 is sealed inside a glass tube 100. Part (b) of FIG 20
is a partially magnified view showing the connection portion between the
heating el enent 200 and the lead wire 104 of the infrared ray lanp shown in
the, part (a) of FIG 20. FIG 21 is a partially nmagnified view show ng the
connect i on portion between the two heati ng el ements 200a and 200b and the
lead wire todventiensdniedidconed raprdeed daycrabpd nimhiabatleesd wo
heating el enents 200a and 200b are sealed inside the glass tube. The part
(a) of FlGPub2( sthedrndwaninedt Bateaft dpe lenmh vfohhePuhfliarad oayNd anp,

and the other end of the infrared ray lanp has simlar structure.

Furt her nor e it R4 -§4022 urehefetihethef carddn 1mysednpubldemae 4 Gsed is
simlar to that shown in the part (a) of FIG 20, except for the connection
portion betswedredthengwoldrating Bhermehad @DFLG@NA 2060a anidcew drvdvweiamyg W re
104 shown in the figure. As shown in the part (a) of FIG 20, in the
conventi ondhe rfraretureyofathe ademdt wire reiklidPywoundportincomf shape is
wound around the end of the heating el ement 200 fornmed of a carbon-based
subst ance awhv¥eonmkdnpht bndrarsd red 3hampeinThbiehdapbeaitdm ok idmeent

coi |l -shaped netal wire 102 is covered with a netal foil sleeve 103, and this

‘nmet al 200 is sealed inside a glass tube 100. Part (b} of FIG.

20 is a partially magnified view showing the connection

( portion between the heating element 200 and the lead wire

104 of the infrared ray lamp shown in the part (a) of FIG.
20. FIG., 21 is 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. Thelpart (a) of FIG.
20 shows the structure of one end of the infrared ray lamp,
and the other end o‘f 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, ekcept 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



foil sleeve 103 is secured to the end of the heating element 200 by
crinping. The internal lead wire 104 fornmed 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
nol ybdenum foil sheet 107 is spot-welded to the other end of the internal

|l ead wire 104. Furthernore, an external lead wire 108 forned of a ,
nol ybdenumwire is ~welded to the other 4erd of the nol ybdenum foil sheet =,
107. The heating el enent 200, the netal foil sleeve 103, the internal |ead
wire 104, taRd rﬁil@h@enu%?o?mas?@éFlfmoéthet feldxsdang d ke ki Y7208
connected in series as described above are inserted into _the glass tube 100
and di sposed 2 tifecoiviereth ilfdy & Basalsfieflaglaryenl Cai-t 2BgebhdfF Bakali ke,

is sealed inside the glass tube 100, the glass tube 100 is fused and bonded
at the portidohl gFlesee i paehtfiiF6d te-thegadt ofovhe fipd by g ohpnerftng an
infrared ray lanp. FIG, 21 is_a perspective view show ng the inside of
anot her co tPYn@F 1MRLRgred TGy YTahprBAd 3BAH WG tthd 0 SthuEmefeodf at he
connection portion between the two heating elenents 200a and 200b and the
netal | ead W& Fal194TeoRRh@bhGEnt drfat 1i RPFAAOR k85 | ¥ApndadsHdwn in FIG
21, this conventional infrared ray |a has a structure wherein the two
heating el éifeht 3SPEER RABaRGOb™ difte &t 9F FRedher §lias 8 ledeF ¥ vt L€hown) .

In the infrared ra¥ lanp shown in FIG 21, coil-shaped nmetal wires 102a and
102b bonded to one end of the metal foll sleeve 103. One end

of a molybdenum foil sheet 107 is spot-welded to the other
(r 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 portién 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 conventicnal infrared ray lamp. As shown in FIG.
21, this convéntional infrared ray lamp has a structure

wherein the two heating elements 200a and 200b are sealed



are wound around the end portions of the heating elenment 200a and 200b
respectively, and netal foil sleeves 106 are fitted over the wres. The
fitted metal foil sleeves 106 are secured to the end portions of the
heati ng el enents 200a and 200b by crinping. The netal |ead wire 104 having
a coil portion 105 wound in a coil-spring shape in the mddle of the wre
is electrically connected to the netal foil sleeves 106. The infrared ray
.| anps having the above- nentioned structures have good infrared ray em ssi,on
rates, since their heating elenents are forned of a carbon-based

subst ance; ibutong ukasareubpe (1ol Gwawn br obl enthe| Anfira reohveay | bamb
infrared ray |anp having the structure shown in FIG 20, for the |anp of

| ar ge watt sfpownfinhRIGaf 2dredaialy-$haped mettdl wioest A Jaamn dfl@2bar ge
power consunption, the coil-shaped netal wire 102 is heated to a high

t enper at ur @reavannésyreunghéhet kad pentkersray rhaphbatiing tehiemeniuct ure
is used for a long tine, the contact resistance of the connection portion
anong t he R&Ra kPP respectheetdi-| anfdpetamfal lviteeves2lafdarke net al
foil sleeve 103 increases because of the tenperature rise. The conventi onal
infrared r it oYeerdiorel has -t hEhgr btEmdomedisnbriiml 1 ke evigsal Obhe
connection portion. Furthernore, if the tenperature at 6 the connection
portion betdkferse@ergdi toskifemetRPTRiras P2 Wrel hhatiddale femensbeeve

103 rises continuously for )
200a and 200b by crimping. 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 metal‘
| foil sleeves 106.

The infrared ray lamps having the above-
mentionedstrucfureshavegoodinfraredrayemissionrates,
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 lérge 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 feoill 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



a long time, the tenperature at the bonding portion may rise high and, in
the worst case, the bonding portion may fuse and break. Mbreover, the
stress caused by heat cycles due to the difference in thermal expansion
coefficient between the heating el enent 200 and the coil-shaped netal wre
102 is added, and the contact resistance becones higher than the val ue at
t he begi nning of use, whereby the tenperature rise at the connection
portion is accelerated. In additiop, i-néthe structure of the infrared ray
| anp having the two heating el ements 200a and 200bh shown_in FIG 21, the
fol | owi ng prvbicOTFRefbieausegtiog PREYGTLESS GRéleiThBRER BB I 1% Pe two
heating el enents 200a and 200b are crinped by using the netal foil sleeve
106, no proflervectie metade fOdd ﬁéeﬁer‘f@ 1&7 heRes 20D&1aMP DB e
crinped by a uniformtension or conpression force; however, crinping my
occur in a2 ckRe bFMgn (NSl LARRETEENSIC0R TortRO PP REIRGNPOGCRD IFRY t he
conventional infrared ray |a undergone crinping . in_such away, if the
heating el éietft S D9B2ad BObRGrEORE4t €85¢ -t hE et ROTWEAT WP Tt EPRAREY 200a
and 200b expand theyrnal | in different states. For this reason, the

i nbal ance dé)us? R BR&EST oMUTHPY 8T sihe SIS 2ppiuEs PY Redtifast 1%

el ements 200a and 200b '_ng eases. In the case when the balance in the
crinped st #%i 5O teoﬁle‘r %%rﬁaﬁei Cut arhermas, exPraq $koR aF BEEFHSRP heat i ng

el enents, .to which e . larqer tension aor. conpression force is_applied, m
br eak " between Eﬁe heatgng element %00 arrrl% %ie coil-shaped é)tal y

wire 102 is added, and the contact resistance becomes
- higher than the value at the beginning of use, whereby the
temperatureriseaﬁ:thecqnnectionportionisaccelerated.
In addition, in the structure of the infrared
ray lamp having the two heating elements 200a and 200b
shown in FIG. 21, the following problems are caused.
In the process wherein both ends of the two
heating elementslzooa and 200b are crimped by using the
metal foil sleeve 106, no problenlﬁccurs if the two heating
elements 200a and 200b are crimped by a uniform tension
or compression force; however, crimping may occur in a-
k. state of an unbalanced tension or compressiocn force. 1In
the conventional infrared ray lamp undergone crimping in
such a way, 1f the heatingelements 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 tc the heating
elements 200a and 200b increases. In the case when the

balance in the crimped state is improper in particular,



Next, the problemof directivity in the conventional infrared ray lanp wll
be described below. The infrared ray lanp is used as a heater for heating
objects or for a space heater for heating roons by using radiant infrared
rays. As this kind of the conventional infrared ray |anp, an infrared ray

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

vi ew show ng an exanple of the conventional infrared ray lanp. FIG 23 is a
perspective view showing the infrared #ay |lanp shown in FIG 22. In, FIGS
22 and 23, the central portion of the infrared ray |anp can be understood
easily fro@ieheetlpi FELHRN haBedh he afel n oP LSRN ShowhOi Whtlifd fFg8r es,
therefore, the central portion of the infrared ray lanp _is not shown in

ei ther of LAHIITF FRHESLOTIE COMRIFRTFBRAN FAF &% RBLL 8Ap BABMEEAKFI GS.

22 and 23 conprises a substantially cylindrical glass tube 201, netal foil
sheets 205 enbedded iNe®bt htBSd RFRRIBMAs Ofol@iTRCELNILY e P02, a heating
el ement 240 hernetically  sealed_inside the glass tube 201 and internal |ead
wires 204 COREEHERPPAG éﬂﬁﬁﬁﬁe§4ﬁayslé”@bﬁ%&%ﬂﬁ% AeEE AR P BPWnAi chr one
or tungsten and wound_in a coil shape. The internal |ead wires 204 are used
to connect both ends ot® tRETREAYG n@alél eABRt IM132t RE Aef®aFRF | £8Keet s
205. As 8 a result, the heating elenment 240 is electrically connected to

t he netal'mﬁqt%%ge?gjﬁﬁg%ﬂﬂfFﬁh?eﬂ pPEFér ppater for heating rooms

by using radiant infrared rays. As this kind of the

conventiconal 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 sh'own 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 tﬁe figures.

The conventional infrared ray lamp shown in FIGS.

22 and 23 comprises a substantially cylindrical glass tube
201, metal foil shleets 205 embedded in both end portions
of the glass tube 201, a heating element 240 hermetically
sealed inside the glass tube 201 and internal lead wires
204. The heating 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 connectlboth ends of

the heating element 240 to the metal foll sheets 205. As



by the internal |ead wires 204 on both sides, thereby secured stably. At
this time, -the center axis of the coil-shaped heating elenent 240 is

di sposed so as to be substantially coaxial with the center axis of the
cylindrical glass tube 201. As shown in FIGS. 22 and 23, the external |ead
wires 206 are connected to the netal foil sheets 205 on both sides
respectively. When a voltage is applied across the external |ead wres 206
taken out fromboth sideg, a current-fBows through the heating el ement 240,
and heat generates fromthe heating el ement 240 owing to the resistance of
the heating &ediibht- 2&8%&6@@@%?2@%% HetO clifr R CtRLERE ST e,
infrared rays are emtted fromthe  heating elenent 240, Part (a) of FIG 24
i s a graphcePnated & itha Pehalcdrdd sheeds eRe AREPYLLEoPTPRETLY 1 ar ed
rays emtted fromthe heating element 240 of the infrared ray |anp shown

in FIG 23bypdhe (h‘}téFnlallGleﬁﬂdi‘éléeér oot Qi Pohl SEHARS - sﬁ%ﬁFﬁBYt he
portion having the heating elenent 240 of the infrared ray |lanp shown in
FIG 23. THRECHZHY §taRey -shdhn this t héMpar oy Herher( Brist ¢ Ghe4 are

ort hogonal . coordi nate axes .on a plane perpendicular to_the axial _direction
of the heafiPig eThARRE E&@Wfﬁmfzpé 228 35 A4RePaFt §O( &F &% Q%) of
FIG 24, the_origin O_corresponds - .9 tqQ the center axis of the heating

el enent 24@.“9%%‘?1'&13}&§h° Xkt BAFP (e SFerter 2x1s 1RE vhRGes in the

radi al
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 a voltage is applied across
the external lead wires 206 taken out from both sides, a
current flows through the heating element 240, and heat
generates from the heating element 240 owing to the
resistance of the heating element 240 correspdnding 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. 1In

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



directions designate the emssion intensity of the infrared rays, and the
values in the circunferential directions designate angles with respect to
the center axis on the plane perpendicular to the axial direction of the
heati ng el enent 240. These angl es are designated by angles fromthe
positive direction of the x axis. When a constant voltage was applied to the
heating el ement 240, the anmount of the infrared rays reaching a mnute area
at a constant distqnce fromthe centergaxis (represented by the origin O of
FIG 24) of the heating el enent 240 was measured, whereby the intensity

di stributi dre theveefidrwasieithedheAd iingledaehi bR 4the iImt €heigyaph
distribution cufve 270 in the part (a) of FIG 24, the infrared ray |anp
240 enits dihftleegardyd dn afl| FdiGr.ei24 ontheat vaubstantinakhe r<idddar
intensity. This results fromthe fact that the cross-sectional shape of the
heati ng el ehen¢c240niss desubgnahei dlbley syheetipncdlntenhitgspdcttito its axis
and has a circular shape as shown in the part (b) of FIG 24. By the
equal |y distnfbatred irafyrsar ezindaybeenidlees in dlble dtiectumdéeseattial
substantially simlar intensity as described above, heat is transmtted
fromthe heitreagtienhenwies Pa0ate @ lons svilEhame: asedtt bohddte tdmwn betrsi de
and the surroundings. 10 In the conventional infrared ray |anp structured
as descri betkdbove, tlie plenegserphedicqular desitted axolgl kirection of

the heating element 240. These angles are designated by
angles from the positive direction of the X axis.

When a constant voltage was applied to the

TN

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, wheréby 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‘sjmmétricaj_with:respect to its axis and has
a circular shape as shown in the part (b) of FIG. 24.
Bytheequallydistributedinfraredraysemitted
in all direcfions at‘substantially 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.



directivity to the emssion intensity of the infrared rays, a structure is
known wherein an infrared ray reflection plate is installed outside the
infrared ray lanp for exanple. FIG 25 is a perspective view showi ng an
exanple wherein an infrared ray reflection plate 280 is provided for the
conventional infrared ray |anp and showi ng the positional relationship
between the infrared ray lanp and the infrared ray reflection plate 280.
The infrared ray reflection plate 280 has-a sem -cylindrical shape and is
di sposed coaxially with the heating elenment 240 so as to surround the half
of the heating el emenin2gpe cparier b} opR 1A GE ragedsray gramih s¢frudfeared
distribution curve 271 of the intensity of the infrared rays emtted from
t he infraredls régs¢apelagbayet.hdn fheacager uhenr &f| betdeonippdt Bo2gbvepPart
(b) of FIG 26 is a cross- sectional view show ng the portion having the
heating el @hBAETIA0-tof toheh ¢ #ies 2HORAN TeRp1 have h§hehdnEnpraddaysay
reflection plate 280 shown in FIG 25. The x and y axes shown in the parts
(a) and (b)aostFpgture dre kreWpgBhare idbaniimf eanR@srey aFefllaretion
perpendicular to the axial _direction of the heating elenment 240 shown in
FIG 25. Thelagprdé iigrs bphdsdd od-gHier Ehpedfifgintek eray @0 f?%red ray
reflection plate 280 is defined as the negative - 11 direction of the X

axis. In thexpapd€-(a) and (b) of FIG 26, the origin O corresponds to the

center axis of the ] ) )
FIG. 25 is a perspective view showing an example

wherein an infrared ray reflection plate 280 is provided
(' for the conventional infrared ray lamp and showing the:
1 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 éhown in the parts (a) and (b)) of FIG. 26 are ortﬁogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 240 shown in FIG. 253. The
direction opposed to the reflection face of the infrared

ray reflection plate 280 is defined as the negative



!

heating el ement 240. In the graph of the part (a) of FIG 26, the values in
the radial directions represented the emssion intensity of the infrared
rays, and the values in the circunferential directions represented angles
with respect to the center axis on the plane perpendicular to the axial
direction of the heating element 240. These angles are designated by angles
fromthe positive direction of the x axis. In the part (a) of FIG 26, the
concentric ﬂradati ons indicating the emission intensity have the sanme
val ues of the gradations shown in the part (a) of the above-nentioned FIG
24. I n addidtimmgtide ofrstthedk dixihwasuiinthe raehss6adbnandtemsief FEGt he sanme
as that in the case shown in the part (a) of FIG 24. As shown in the part
(a) of FIG2626,tly progidi fy cehzeisporatedt e apheefdeact ¢ vnaplist @ 28k e
infrared rays are enitted intensely only on one side of the infrared ray
| anp, Wit hediciposiénenti 2406ti oAnothehgraphxps thedpastthe) eBEEE. As
descri bed above, in the conventional infrared ray lanmp, it is indicated
that the edifssitdre ofathesi afr &l radjyslnds riesdtiraups crenressintedishei buti on
in all directions. For this reason, in order to give directivity to
infrared r ®niehs senohntensist nekbstheyind rpmad deayhe andf taeedalyes
reflection plate outside the infrared ray - 12 - , |anp. However, the
infrared rayn cafe @éppvmfpnﬁnthgl directions represented angles with
respect to the center axis on the plane perpendicular to
the axial direction of the heating element 240. These
(- angles -are designated by angles from the positive
direction of the x axis. In the part (a) of FIG. 26, the
concentric gradations iﬁdicating the emission intensity
have the same values of the gradations shown in the part
(a) of the 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 rays are
emitted intensely only on one side of the infrared ray lamp,
with the positive direction of the x axis used as the
center.
As described above, in the conventicnal infrared
ray lamp, it is indicated that the emission of the infrared
rays has isotropic intensity distribution in all
directions. For this reason, inorder to give directivity

to infrared ray emission, it is necessary to provide the

infrared ray refliection plate outside the infrared ray



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 em ssion.
Furthernore, as the infrared ray reflectivity |owers, the anount of the
infrared rays absorbed by the reflection plate itself increases. If this
kind of heating apparatus is used for a long tine, em ssion efficiency
| owers, and unexpected parts w |l be-oyerheategd. Furthernore, the em ssion
intensity distribution obtained by providing the sem -cylindrical infrared
ray reflectlampplate for the infrared ray lanp having the above-nentioned
isotropic emssion intensity distributions in all directions is
substantial ly the sanBowenwex witdee r anfeasedorasitef Lacfdvdrtyy @8 thewn in
the part (a) of FIG 26. For this reason, in the conventional infrared ray
| anp, an atiefipered ravreaséechid anbdgiten isi apéntothe ilvwered dedansed range
and to decrease the intensity in other ranges in order to enhance
directivityofiagdingf ianf tthasaghessian of nsthénsase Atheh Tdsuddnydite onal
heating apparatus is used for |ocalized heating, the problemof |ow heating
ef ficiency dBtensityDEG CebREtdRN NWENTheNLiRE raredheapr egdms iowention is
intended to solve the above-nentioned problens and al so intended to provide
a highly reerapes idifffgeantayidhp-imederaciti®ponkr the emission.
Furthermore, as the infrared ray reflectivity 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 emlssion intensity
distributions in all directions is substantially the same
in a wide range on one side in general as shown in the part
(a2} of FIG. 26. For this reason, in the conventional
- infrared ray lamp, an attempt to increase 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



consunpti on does not increase during use for a long tinme and its heating
portions are prevented fromfusing and breaking after use for a long tine.
The present invention is further intended to nake the effect of the
reduction of the reflectivity of an infrared ray reflection plate on the
directional distribution of the emssion intensity of infrared rays |ower
than that of the conventional infrared ray |anp, and to make the
directivity of the emssion intensity nd infrared rays higher than that of
t he conventional infrared ray |anp. The present invention provides an
infrared ray | anp andraehpiessgt dppamtuenwher ehfienidedficsdohvéntbasity of
infrared rays has directivity wthout using any reflection plate, and also
provi des aakrtednghtiodddi pgobhemsniangt @d sayl nhapdesh timmzeeddeay | anp
in accordance with the present invention conprises: at |east one heating

el ement hawighby seBdwednie alnfrgrade mapbanpaviheyrektedsed Deovas ons in the
vicinities of both ends thereof and forned of a carbon-based substance,

heat - emi t t igRR HIDRKE oRadiofF dovd eopreasevivying uis diebonr Hlehd pbhei ons of
the heating elenent are inserted and bonded, 14 a sintered substance of an
adhesi ve f@medlhAdhedititng eBOBH/ oS | 3R r ProH el bohtpPhg fugdard cdnthe

heating elenent bonded to the heat-emtting blocks at the regions
breaking after use for a long time. The present invention

is further intended to make the effect of the reduction
of the reflectivity of an infrared ray reflection plate

- on the directional distribution of the emission intensity

P

of infrared rays‘lower than that of the conventional
infrared ray Jlamp, and to make the directivity of the
emission intensity of infrared rays higher than that of
the caonventional 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

o 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,
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in the vicinities of both end portions of the heating elenent including the
recessed portions thereof, a glass tube in which the heating el enent, the
sintered substance of the adhesive and the heat-emtting blocks are
hernmetically sealed together with an inert gas, and |lead wires electrically
connected to the heat-emtting blocks, the end portions of which are |ed
out of the glass- tube. Wth this structure, in the infrared ray |lanp, the
recessed portions are provided in the \igci.nities of both ends of the

car bon- based substance used as the heating elenent, and the areas of the
contact with the heata samitérad blbskandea dthaarc adions hased ocadtwSiaredar e

i ncreased, whereby the resistance of the contact can be reduced, heating
due to theghiesiesteadon dhe heseont ot aaahbod iestidct edhf amet hleating
tenperatures of the lead wire installation portions at both end portions
can be predemeadt fooonddeé coon ttge hecat + ymbt ghingAb l@ dkeswitt theacearibmg to t he
present invention, it is possible to prevent the lead wire installation
portions friemtfissivnjciadd imeakf ngoaiv _rrd pdheibasperfattiie headiatgt he
portions . In addition, since the recessed portions in the vicinities - 15
of both enddexientheiheatuidigrhel emenrears sfad | pdr wi bl st thexxaoHon- based
adhesive, the fitting or bonding between the heating elenent and the
heat-em tti ng bl ocks @herlomes 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
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 thé contact with the heat-
emitting blocks via the carbon-based adhesive are .

increased, whéreby the resistance of the contact can be

7~ "

reduged, 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. BAs 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



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

absor bed, and abnormal heating can be prevented. An infrared ray |lanp from
anot her viewpoint in accordance with the present invention conprises: at

| east one heating el enent having a substantially plate shape, having
recessed portions in the vicinities of both ends thereof and fornmed of a
~car bon-based substance, heat-emtting- bl®cks havi ng good conductivity and
each split into two pieces, between which both end portions of the heating
el enent ar @& cards afsithremrpEiBst gAea et aradhddiled roredthnad
sintered on the insertion and bonding faces of the heating elenent bonded
to the heaCagtheRihgsklidoarREestl the thyifdrist ine ahdandingthekvwoenpbhf end
portions of the heating elenment including the recessed portions thereof, a
gl ass tubehapihnghedis@eitht3ng shempat tpeitiilmerbogkbsbasemed the
adhesive and the heat-emtting blocks are hernetically sealed together with
an inert g&sloseRd RBA&dLWEr 65 TNt i @Bl THecanddned itso ehniged.  As
heat-em tting bl ocks, the end portions of which are taken outside the glass
tube. Wtha&hpsudttruépute infiaeedfizudérn af thppresent invention,

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 wvicinities of both end portions of the heating
element including the recessed portions thereof,

a glass tube in which the heating element, fhe
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



the heating elenent is bonded to the heat-emtting bl ocks by pressure
contact; then, since accurate disposition at predeterm ned positions for
fitting is not required, assenbly work can be carried out easily, and the
cost of production can be reduced significantly. Mthod of producing an
infrared ray lanp in accordance with the present invention conprises: a
~step of formng recessed portions in the vicinities of both ends of at
| east one heating elenment having a subgdantially plate shape and fornmed of
a carbon-based substance, a step of applying.a liquid adhesive forned of -a
car bon- basétkt ot gamniit tdmys bawesk ¢ 0 thee emeipons ion § hef whichidrestakehot h
ends of the heating elenent including the recessed portions thereof, a step
of insertinguanildbohtieng et s eadeportions of the heating elenment to the
end portions of heat-emtting blocks having good conductivity by using the
adhesive, a step of diythgthnd bitmung uie, htmttkeai thfrgrdd azs bawdpt he
heating el enent bonded to each other, and a step of sealing the heating
el enent andchiderdebinenliemnagtbieckendrsdi te the lgéassemibe: irngadibecksi th an
inert gas, and of taking the end portions of the lead 17 wres electrically
connect ed thy tomee isatreenvhtiawg: bitdeks, wutce dectheagleads stpdret t Ibhhatthese
steps, the infrared ray |anp has high
predetermined positions for fitting is not reguired,
assembly work can be carried out easily, and the cost of
produciion 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
vicinities of both ends of the heating element including
thé recessed portions thereof,
astep 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
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reliability by not raising its power consunption abnormally during use for
a long tine and by preventing its heating portions fromfusing and breaki ng
after use for along tinme. An infrared ray |lanp from another viewpoint in
accordance with the present invention conprises: a heating el enent having a
substantially plate shape, the width of which is larger than its thickness
by five tinmes or nore, a glass tube in which the heating elenent is
hernmetically seal ed, and two el ectrodesienbedded at both end portions of
the glass tube, electrically connected to both ends of the heating el enent
respecti velwinss elsotrliearixaldnnecbadetoethéchaatermdritaingliebocks
circuit. Wth this structure, the emssion intensity of the infrared ray
| anp beconemufas izi e \laesi hubles thi ckness direction of the heating
el ement and beconmes negligibly snmall in conparison with the maxi mum val ue.
in the width directiWhthAtheati ageappatheusnEnagecbragnteampi hasthéghpr esent
i nvention conprises: a heating elenent having a substantially plate 18
shape, the w¢Hiabodfliwy dv i Bokargdss iithgini t & s pokicck nesss bpp tfiiore tines or
nore, a glass tube in which the heating elenment is

abnormally during use for a long time and by preventing

its heating portions from fusing and breaking after use

for a long time.

An infrared ray lamp from another viewpoint in
( accordance with the present invention comprises:

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

a glass tube in 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 alsc 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



hernetically seal ed, and two el ectrodes enbedded at both end portions of
the glass - tube, electrically connected to both ends of the heating el enent
respectively and also electrically connected to an external electric
circuit. Wth this structure, the em ssion intensity of the infrared ray
| anp in the heating apparatus beconmes a maxi numvalue in the thickness
direction of the heating elenent and becones negligibly small in conparison
with the maxi nrumvalue in the width dirgction, thereby having directivity.
A nmet hod of producing an infrared ray |lanp from another viewpoint of the
present inwhEpen Thoeprbdtsesf wiaishepsolafgem hhan dltes S hidien by sf bym ng
glass into a substantially cylindrical shape, a step of hernetically
seal i ng a dibst ahiinal| pr picaate. heating el ement, the width of which is |arger
than its thickness by five times or nore, in the glass tube so that the
center line of the heatghgssl énmdt im whachl digi thidandngligkeneon tisereof is
substantially coaxial wth the center axis of the glass tube, and a step of
form ng a refreetionlfliv mgakedyefinglcting infrared rays into a substantially
sem - 19 cylindrical shape on the external face of the cylindrical shape
of the glass tube so twotdleabzrasts grbeddrd e bidieh gmGigeootiohs of
di sposition of the heating elenent in the
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 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 viewpeint of the present invention compromises:
a step of forming a glass tube by forming glass
inte a substantially c¢ylindrical 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 thereocf 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-



axial direction thereof. Wth this structure, the sem -cylindrical
reflection filmcan be fornmed easily by using the cylindrical shape of the
gl ass tube. A nethod of producing an infrared ray lanp from still another
vi ewpoi nt of the present invention conprom ses: a step of formng a gl ass
tube by formng glass into a substantially cylindrical shape, a step of
formng a reflection filmfor reflecting infrared rays into a predeterm ned
substantially sem -cylindrical shape oni¢he external face or the internal
face of the cylindrical shape of the glass tube, and a step of disposing a
subst ant i aldylinérécaleahapg enehbat exteengldifrad ofhittle cyliardreicahan its
t hi ckness by five tines or nore, so as to be included in +the axial range
wher ei n t heslragf¢ et itdre fdillaas Sulissesad, toasdbsfttandrimt iy alngledal thg t he
heating el enment inside the glass tube. Wth this structure, the

sem -cyl i ndramg¢ ofefthectdospeElihicoan de thenbeaddgid ye bevandn drhethat er nal
face of the glass tube by using the cylindrical shape of - 20 - the gl ass

t ube. Wi | @xirl ndgrke dtdaanureBegeotthe i nvention are set forth particularly
in the appended clains, the _

With this structure, the semi-cylindrical
reflection film can be formed easily by using the
cylindrical shape of the glass tube.

A method of producing an infrared ray lamp from

(” still another viewpoint of the present invention
compromises:

a step of forming a glass tube by forming glass
into a substantially cylindrical shape,

a step of forming a reflection £ilm for
reflecting infrared rays into a predetermined
substantiallysemi-cylindricalshapecnltheexternalface
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, s0 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



invention, both as to organization and content, will be better understood
and appreciated, along with other objects and features thereof, fromthe
following detailed description taken in conjunction with the draw ngs.

BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a front view show ng the structure
of the lead wire taking-out portion of an infrared ray lanp in accordance
with a first enbodi nent of the present invention; FIG 2 is a partially
magni fi ed vi ew showi ng the connection ortion of the heating el enent and
the heat-emtting block of the infrared ray |lanp shown in FIG 1; FIG 3
is a parti &N Fh@hEfitedes ew showi ng the connection portion of the heating
el ement and the heat-emtting block of an infrared ray | anp havi ng another
structure in accordanfeihft Rheh@rigktfeabbdiefent ofhehénvendsiaR #F®enti on;
FIG 4 is a partially magnified view showi ng the connection portion of the
heating el @&fhtfarght p&r l2rilvt dmg hockpprrged i +at®Bd .r 29 anp havi ng
sti'll another structure in accordance with the first enbodiment - 21 - of
the presentinvR@hipsn; bPith & &° L FEBRL 2@ TSP I HARAnGORKE NSt r Et bk eDl8f the
| ead wire taking-out portion of an infrared ray lanp in accordance with.a
second enbdi HeRE gfldteﬁ@tpﬂ%eﬁfld appreciated, along with other

objects and features thereof, from the following detailed

description taken in conjunction with the drawings.

. BRIEF DESCRIPTION OF DRAWINGS

P

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
inventieon; |

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

L 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 invéntion;

FIG. 4is a partiall;r 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



invention, FIG 6 is a partially magnified view showi ng the connection
portion of the heating elenment and the heat-emitting block of the infrared
ray lanmp shown in FIG 5; FIG 7 is a partially magnified view showi ng the
connection portion of the heating elenent and the heat-emtting block of an
infrared ray |anp having another structure in accordance with the second
enbodinent; FIG 8 is a partially magnified view show ng the connection
portion of the heating element and the 2beat-emtting bl ock of an infrared
ray |anp having still another structure in accordance with the second
enbodi nent ;obathe( @refgert GLngend ippl an view showing an infrared ray | anp
in accordance with a third enbodinent of the present invention, and part
(b) of FIG 9 is a frBAG- v aw 8&héresft; VEe® sh®wing e syacecvare ew
showing the infrared ray lanp in accordance with the third enbodi nent of
t he presentthaviasdoninsattaingobuFl Bpriidn of @naghistowdgraielamp?
distribution curve of the intensity of the infrared rays emtted fromthe
heati ng el ekentceondanedi vd ténfodiareond eawpd diarent bpfothel @rageskhows t he
cross section of the central portion of the infrared ray |lanp of the third
invention;

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. 9 is a front
view thereof:

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

of the present invention;

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



enbodi nent; part (a) of FIG 12 is a plan view showing an infrared ray |anp
in accordance with a fourth enbodi nent 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 |lanmp in accordance with the fourth enbodi nent of
the present invention; part (a) of FIG 14 is a graph show ng the
distribution curve of the intensity of the infrared rays emtted fromthe
infrared ray |lanp of the fourth enbodi ment, and part (b) of FIG 14 shows
the cross section of the central portion of the infrared ray |anp of the
fourth enBddgitmihutpant cpayeobfritGe imtienaipivanfvibw sndwianearcayafrared
ray lanp in accordance with a fifth enbodi nent of the present invention,
and part (lnidftel Grom e hdgbhng ¢l enentepfotheriltirdsemdogd imerpect i ve
view showing the infrared ray lanp in accordance with the fifth enbodi nent
of the presadt pawen{bodneipdiiG(alloshmwg tlrei sre s aphcthon wf thke23
distribution curve of the intensity of the infrared rays emtted fromthe
infrared r ®pntapl oporkdom fath ehbodinfaaredandypdrang W othel Ghirdshows
the cross section of the central portion of the infrared ray |anp of the

fifth embodiment;
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

( vigw thereotf;

‘ FIG. 13 is a perspective wview 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
emitte&fromtheinfraredraylampcﬁfthefourthembodiment,
and part (b) of FIG. 14 shows the croés section of the
central portion of the infrared ray lamp of the fourth

embodiment;

o~

part (a) of FIG. 15 is a plan view showing an
infrared ray lamp in accordance with a £fifth embodiment
of the present inv_ention, 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



enbodi nent; 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 of a heating apparatus in accordance with a sixth enbodi ment of the
present invention; FIG 19 is a perspective view showi ng the positional

rel ati onship between the infrared ray lanp and the infrared ray reflection
plate of a heating apparatus in accordance with a seventh enbodi nent of the
present invention; FIG 20 is a partiat3view showing the structure of the

| ead wire taking-out portion of a conventional infrared ray lanmp; FIG 21
is a parti disfieiwghdennguve sif udtarimtefisthy bEatdhei e firakiend-ovaysportion
of a conventional infrared ray |anp wherein two heating elenents are seal ed

in a gl ass emibeleflif@ozhsiafplaarediray $hon of the faddi eohaldinedtared ray
| anp; FIG 23 is a perspective view showing the conventional infrared ray

| anp; 24 pard gartofbhl @QE 2BIGs & 7grsdpiwshbhkengross disctibot icch theve of
the intensity of the infrared rays emtted fromthe heating el enent of the
convent i onalenindtaped tian | afpthend niwar¢d) rey Rla@p 24f shbwas fiietler oss

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 thé 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;



section of the central portion of the infrared ray lanp shown in FIG 23;
FIG 25 is a perspective view show ng the positional relationship between
the infrared ray reflection plate and the infrared ray lanp in the
conventional infrared ray lanp; and part (a) of FIG 26 is a graph show ng
the distribution curve of the intensity of the infrared rays emtted from
the conventional infrared ray lanp provided wth an infrared ray reflection
plate shown in FIG 25, and part (b)_o£4FlG. 26 shows the cross section of
the central portion of the infrared ray l'anp shown in FIG 25. It will be

recogni zed that sone oir-alla0f dheri1Ei gyres arg gfgggatgrfo‘gfgﬁeﬁl@t ations
for purposes of illustration and do not necessarily depict the actual

relative siges: P{phegail ers-wd dheied emeptasshowps +BEST IVGDE-EGR-GHBRYI NG
OQUT THE | NVENTI ON Preferred enbodi nments of an infrared ray lanp and an

infrared heafi fgeaPRRoR Uhd MhaGeAdANCEaMb bR bhe t1Y e88Al Jvesthon Wi Il be
descri bed below referring to the acconpanying drawings. - 25 - ((First

enbodi ment )jn H Gred +aya1 ANt ariePashROWMLNIo keI L I HEL 44 8w 8f th@Nck-BEkar ed
ray lanp in accordance with a first enbodinment of the present invention,

and shows the-sibHCLE @nef ddift rheagoWiti®d ald¢ NghOUL nPYEH DS % 1hep
infrared ray | anp.
shown in FIG. 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 conventionél infrared ray lamp provided
with an infrared ray reflection plate shown iﬁ FIG. 25,
and part ﬂb) 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.



FIG 1 shows both end portions of the infrared ray lanp of the first

enbodi nent. 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 lanp of the first enbodinent, a heating el enent 2,
heat-emtting blocks 3 and internal lead wires 4 are sealed in a glass

tube 1. The internal |lead wire 4 is connected to an external lead wire 8
via a nol ybdenum foil sheet 7. The pla% -Hheating elenent 2 sealed in the
glass tube 1 is fornmed of a carbon-based substance consisting of a mxture’
of crystalliketivear lmr’ocsdﬁ:rheas»gr aphite, a resistance value adjustnent
subst ance and anor phous carbon. This heating elenent 2 has a plate shape
measuring 6 mmin w &¥;. Ol 5s mninen hivkeesshawtngodbhansitimulcgnygte dor
exanple. The heat-emtting block 3 is formed of a conductive material and
el ectrical lap dodresiedl Ay daarehd atcondanes Wigh el Bheat embypddmestthod
described later. A coil portion 5 is forned at one end of the internal |ead
wre 4, anefathsprminespoktiones tion ngrd ahowstyhesstopedaqrfeoldoviieg t he
coil portion 5. I - 26 As shown in FIG 1, the coil portion 5 of the
internal | dahdiverd rakidwndut gherylonst pd Girerinfearpheraly fl&ge of the
heat-emtting block 3 so as to be electrically connected thereto. The
spring por Filgh 6l oshovEebpittheroied pPenlianseosd ithealiigposaygedwapyf deEme he

out er .
of the first embodiment. Since its central portion has a

continuous structure connecting both end portions, the
(' centra; portion is not shown.

As shown in FIG. 1, in the infrared ray lamp of
the first embodiment, a heating element 2, heat-emitting
blocks 3 and internal lead wires 4 are sealed in a glass
tube 1. The internal lead wire 4 is connected to an
external lead wire 8 via a molybdenum foil sheet 7. The
plate heating element 2 sealed in the glass tube 1 1s 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.



peri pheral face of the heat-emitting block 3 by a predeterm ned distance
and is structured to expand and contract so that the di nensional change of
the heating | elenent 2 due to its expansion can be cancel ed and absorbed.
At the sealing portion Ic of the infrared ray |lanp of the first enbodi nent,
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 the nol ybdenum foil sheet
7 is connected to'the external lead wkg 8 FIG 2 is a partially nmagnified
perspective view showing the fitting condition of the heating el enent 2 and

the heat-enmtting bl ogk 3howmcrorHagce 1w tithd heoilr portedrods et telkown in
FIG 1. As showmm in FIG 2, a slit 3ais forned at the center of one end
portion of ideerhedt-laradtiwngebliocks 3wvo@ndt ke gaithey bandhe putervicinity
of the end portion of the heating elenment 2, a groove 2a extending in a
directi on pespeptiecdlarfdee tde tmeenthan emditrtech §on1oEkt Besheaki ng dleenment 2
(in the direction indicated by the arrowin FIG 2) is fornmed. Furthernore,
27 in the yietniticaifly hogreored2ahefrdthe. hemié ngp et agepbrtdomn adhesi ve

9 is applied. The heating elenent 2 forned in this way is structured so
that it is thsethedrindlo Jdeed wite Baisfdibeokeat =y tfngmbthekodtand
secured to each other

peripheral face of the heat-emitting block 3 by a
predetermined distance and is structured to expand and
contract so that the dimensional change of the héating
element 2 due to 1ts expansion can be canceled and
absorbed.

At fhe sealing portion 1lc df 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
molybdenumrfqil sheet 7 is connected to the external lead
wire 8.

FIG.2jﬁeapartiallymagnifiedperspeétiveview
showing the fitting condition of the heating element 2 and
thé 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 porticn of the
heat-emitting block 3. Ontheotherhana,:H1thevicinity
of the end portion of the heating element 2, a groové 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,



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 such as
graphite and anorphous carbon when heated to a high tenperature. In the
first enbodiment, the heat-emtting block 3 is forned of graphite having
good conductivity. Furthernore, in the first enbodinent, the internal |ead
wre 4 is formed of a tungsten wire having a thermal expansion coefficient
approxi mately equal to that of carbon. wever, other nmetal wires, such as
nol ybdenumwire and titaniumwre, may be used as the internal lead wire 4,

if no problam eeeuUrScini theaif resbsyanoed RavaKitige eREAtANE M Semdh e
external lead wire 8 is fornmed of a nmolybdenumw re. In the infrared ray

| anp of thepfidbladerdnidierent,s appa ihant - effid gt Dh KL Smeatch aserhetit ed vi a
the adhesive 9 in the vicinity of the end portion of the plate heating

el ement 2 app descsibed pdayerubhuadd siothadthe wcaid inpyitton tnob the
internal lead wire 4 is wound tightly on the heat-emtting block 3 and

secured theseie. 3hnothtBe Want el heahgnglekbementnd iseived ri 6adayh
connected to the internal lead wire 4 via the adhesive 9 and the - 28 - |
heat -em ttigghblkock 3. In the internal lead wire 4, the end portion of the
spring portion 6, the winding dianeter of which is |arger than that of the
coil portion 5, is efrgetaidtaldiyveonnapbédeid ttdetimel ybdenwy fedidmsheet 7
whi ch is enbedded in the sealing portion 1c of the gl ass
2 is formed of a carbon-based substance that is converted
into a mixture of crystallized carbon such as graphite and
(' amorphous carbon when heated to a high temperature. In
the £first embodiment, the heat-emitting block 3 is formed
of graphite having good conductivity. Furthermore, in
the first embodiment, the internal lead wire 4 is formed
of a tungsten wire having a thermal expansion coefficient
approximately equal to that of carbon. However, other
metal wires, such as molybdenum wire and titanium wire,
may be used as the internal.lead wire 4 , 1f no problem occurs
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. In addition, the coil
pertion 5 of the internal lead wire 4 is wound tightly on
the heat-emitting block 3 and secured thereto. In this

way, the heating element 2 is electrically connected to

the internal lead wire 4 via the adhesive 9 and the



tube 1. The other end of the nolybdenumfoil sheet 7 is also connected to
the external lead wire 8 inside the sealing portion 1c. In the infrared ray
| anp of the first enmbodinent, the heating elenent 2, the heat-enitting

bl ocks 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 2glass tube 1 are nelted and fused so
as to be sealed. A part of the internal lead wire 4, the nol ybdenum foi
sheet 7 angeatpemitfintebbgrtérdal Meoadhw rietBeznzlsbabddwimet Be tdeal i ng
portion is of the glass tube 1. The infrared ray |lanp of the first

enbodi nent ésdfpenedoas odesbiel bpd ialprertiion e, itlie arioddiny ddamedfert he
first enbodi ment structured as descri bed above, when the infrared ray |anp
i s turned oofbyhdgh yvinglargelt dgeamctbss tofe Hxt ecoall lpeatkionr&s 8s

di sposed at both ends, the heating elenent 2 formed of the carbon-based
substance islhedtrddalolyn hpghechpdrtbutbebevausedehumt £ aicki sharte.7 Even
when the heating elenment 2 is expanded in its longitudinal - 29 direction
by this heavhagh disnestetdedringther seed iipfpontthionnt er nél theaglwisse 4 is
provi ded between the heating elenent 2 and the nol ybdenum foil sheet 7, the
effect of thbedilnenfhenathdmneeddad thet helabpkarinnt of 1t kb ekdatT rigs

element 2 is cancelled by the contraction of the spring
also connected to the external lead wire 8 inside the

sealing portion lc.

£ In the infrared ray iamp 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 £0il 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

s,

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 applyving a voltage across the external lead
wires 8 disposed ét 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



portion 6. As a result, it is possible to prevent any unnecessary bendi ng
force fromapplying to the heating elenent 2. Since no unnecessary bendi ng
force applies to the heating elenment 2 that becones brittle at high
tenperatures, the heating el enment 2 does not break even at high
tenperatures. In the infrared ray lanp of the first enbodi ment, the
heat-emtting block 3 forned of a material having good electric
conductivity is connected to the vicinijy of the end portion of the heating
el ement 2 by using the carbon-based adhesive having good el ectric
conducti vi tgireEaionhby tedsomedtnintbe shhcar éter apdiany wbérthenf 6r st
enbodi nent, the contact resistance therebetween can be nade small, and the
t enper at ur etlaé iheecamledkizah wiard i Hnis qaobidédweeedediexthe theatihigi ng
condition of the heating elenent 2 and the heat-emtting block 3 in the
infrared rayehanm af ahlethier sio lgribhdehmmnfowill Ehee tdescribede £ fiepur e f
detail. As shown in FIG 2, at manufacturing of an infrared ray |anp, the
adhesi ve 9 mmérdiymennsbshilnghahge 8e kbgthe coapdmaibased thgdneatsnlst ance
is sufficiently applied to the end portion of the heat el enent 2 including
t he groove aemented iirs tden e Tiliaft pyofthiehe cemidr ot fioan ofoftHdesheahigng
el ement 2. And then, the heating elenent 2 applied with the adhesive 9 is
inserted inporthensl6t As a result, it is possible to prevent any
unnecessary bending force from applying to the heating
element 2. Since no unnecessary bending force applies to
( the heating element 2 that becomes brittle at high
temperatures, the heating element 2 does not break even
at high temperatures.
In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 formed of a material having good
electric conductivity is connected to the vicinity of the
end portion of the heating element 2 by using the
carbon-based adhesiVe having good electric conductivity.
For this reason, in the infrared ray lamp of the firsf
embodiment, the contact resistance therebetween can be
made small, and the temperature at the connection portion
can be lowered.
Next, the f£itting condition of the heating
element 2 and the heat-emitting block 3 in the infrared
ray lamp of the £irst embodiment will be described in more
detail.

As_showh in FIG. 2, at manufacturing of an

infrared ray lamp, the adhesive 9 mainly consisting of a



3a of the heat-emtting block 3 to nmake cl ose contact therewith. After the
heating elenment 2 is nade close contact with and fitted into the

heat-em tting block 3, drying and heating (firing) are carried out, whereby
a sintered substance mainly consisting of the carbon-based substance of

t he adhesive 9 and having a high conductivity 1is fornmed. As a result, the
heating elenent 2 and the heat-emtting block 3 are connected via the
sintered substance of the adhesive 9 hﬂging hi gh conductivity. In the first
embodi ment, by forming the groove 2a ifthe heating element 2, the area of

b
the contact) HEtyGeRa iy NPALLAYORIEHAY SuBULaE NEG! 5 BRL UL Pl ook 3

incr eases, e resi stance of ft ont act can eauced. er nor e,
since, the Silepl a8 oo St bl oh e oM DAL ALgEn) o culthange 1S
t he adhes'é’rge ?%128%%5 ZEhgftcgfrﬁgaef.gath%ngsit&qupe?gé?gtB%t ;@‘?ﬁ}eqérzpﬁiﬁﬁat' ng

el enrent 2 an eat-em tting block carfr out at proj ected
2?gnirfeicgaif1t yfﬂ?%%iwgﬁgb%ilregﬁ%%g?%ﬁrﬁ?E?%Q?ef?g%?ggﬁeoiﬁ]fergs]ﬁ%ggﬁt_rmde on
it Eae bLskigne St Mlspaby o pgopraen 28 cfgrandy n the
effect can plsgeben@btildeldenitting block 3 to make close contact
therewith. After the heating element 2 is made close
contact with and f£itted into tﬁe heat—emitting block 3,

(7 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

.l —

reduced.

Furthermore, since the adhesive 9 consisting of
the carbon-based organic substance is very likely to be
stuck to the heat-erﬁitting block 3 feormed 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



— . —————

even if plural grooves are formed on one face or on both faces; and a
hi gher effect is obtained as the |arger the nunber of the grooves is. In
the first enbodinment, even when the clearance between the heating el enent 2
and the heat-emtting block 3 is of a range of 0 to 1009m no difference
occurs in the resistance of the contact and the strength of the bonding.
Next,” by using the nethod of the connection between the heating el enent and
the heat-emtting block of the infraregliray lanp of the above-nentioned
first embodiment, t'he connection between the heati ng el enent and the
heat - em t titige lfliorskt efmbidbinen £ artite reayld dat howni ngs et merdsomustiche Wi | |
be described. In an infrared ray lanp having two rod-1li ke heating elenents
2la and 2llex#hEleldoifs stpactuakl yhataghiéi pdnperspelt the wmweshowlag a
met hod of connecting the heating elenments 21a and 21b to a heat-emtting
bl ock 31. fGned iy &hgartiicdlnytyreghi fihedepdr ppectiore ofi évhe dheat hgganot her
nmet hod of connecting the heating elenents 22a and 22b to a heat-emtting
bl ock 32, ielamenffRatiedeneaybbinpihaviangettie of ddre alge |hkeotheaineg
el ements 22a 32 - and 22b. In the infrared ray.|anps shown in FIGS. 3 and
4, structuresent A€rpilbaslt W shownr¢nfohmed gur enaarf@csi okl an bgtthhose of
the first enbodi mrent shown in the

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

number of the grocoves 1is.

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 1004 m, 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—mentiqned tirst
embodiment, the connection between the heatingelement 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 2la and 21b, FIG. 3 is a partially
magnified perspective view showing a method of connecting
the heating elements 21a and 21b to a heat-emitting block
31. FIG. 4 is a partially magnified perspective view
showing another method ¢f connecting the heating elements

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

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



above-nentioned FIG 1. As shown in FIG 3, the end portions of the heating
el ements 2l1la and 21b of this infrared ray lanp are inserted into two hol es
3la and 31b fornmed in the heat-emtting block 31 respectively and connected
thereto. The plural grooves 21c formed in the heating elenments 21la and 21b
extend in a direction perpendicular to the insertion direction (the
direction indicated by the arrow in FIG 3) of the heating elenents 2la and
21b. The heating el enents 2l1a and 21b a@pd -the heat-emtting block 31 of the
infrared ray lanp shown in FIG 3 are forned of simlar nmaterials as those
of the abawnel 2iti oned first enbodi nent, and the adhesive 9 of the second
enbodi nent is fornmed of a carbon-based substance to beconme a m xture of
crystallized carbon suchheasigfaphede rayd lamg phebewaaribo® IWsen heat@dd to a
high tenperature, just as in the case of the first enbodinent. In the
vicinitiesdof sthmiendreer bitdres: dfhamet habevehwe | tmetheyf i gdmiecaladhwat i ng
el ements 2l1la and 21b, the plural grooves 21c (three grooves in the exanple
shown in Bi@il3Prate thomsd.oFothehifd nmsdasmbogiojestt eshewn inedédssed f aces
are forned in the vicinities of the end 33 portions of the heating el enents
2la and 21lbouatnéetigokssiKEGY Ls sufficiently applied to the end portions
including the projected and recessed faces. And, the heating elenents 2la
and 21b applied wthAsheshdhWasiiye RIG. 3, the end portions of the

heating elements 2la and 21b of this infrared ray lamp are

inserted into two holes 31la and 31b formed in the
{ heat-emitting block 31 respectively and connected thereto.
The plural grooves 21c¢ formed in the heating elements 21la
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 21a 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
as'graphite and amorphcous 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 21lc (three grooves in the example shown

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

recessed faces are formed in the wvicinities of the end



are inserted into the holes 31a and 31la of the heat- emtting block 31
respectively and nmade cl ose contact therewith. After the heating el enents
2la and 21b are nade <close contact with and fitted into the heat-emtting
bl ock 31, drying and heating (firing) steps are carried out, whereby a
si ntered substance consisting of the carbon- based substance of the adhesive
9 is formed. As a result, the heating elenents 21a and 21b are connected to
the heat-emtting block 31 via the simered substance of the adhesive 9
havi ng hi gh conductivity. In the exanple shown in FIG 3, since the
proj ect ed gpurticpssed ftdeeshaatihgr rdcbmenthe2viaciandi 23b ,ofartdhetirad
portions of the cylindrical heating elenments 2la and 21b, the area of the
cont act betadiems itie Bedis rpuf £iefentd Ylspphile2llkanthé hendegtomni ¢sng
block 31 is increased. Furthernore, the grooves 21c are forned in the
vicinities imicilhéihgattivy mfepeated2 baadinde &b sied a£adeésect And,paipendi cul ar
to the insertion direction, and the sintered substance of the adhesive 9 is
formed in thwatjngoewdsm2hd.s Edra tand 2kbsapplikd wddilsttiizcadieshee Gont act
bet ween the heating elenents 21a and 21b and the heat-emtting bl ock 31 of
the infraretice aynbamseshovint ¢ ntB2 hpil@s 33tanabd rduced, tamd dwet st rengt h
of the bonding can be enhanced significantly. In the infrared ray |anp
shown in Flé@nintinge blgiak adl (respedi ety eradplmad&hophose RcGtaAftgr ooves
22¢

therewith. 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 cérried out,
| whereby a sintered substance consisting of the carbon-
based substance of the adhesive 9 is formed. As a result,
the heating elements 21la 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 bortions of the cylindrical heating elements
2la and 21b, the area of the contact between the heating
elements 2la 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 21c. For this reason, the resistance of the
contact between the heating elements 21a and 21b and the

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



are formed on the external faces in the vicinities of the end portions of
the two heating el enments 22a and 22b. The plural grooves 22c forned in the
heati ng el enents 22a and 22b are provided in a direction perpendicular to
the i" insertion direction (the direction indicated by the arrow in FIG 4)
of each of. the heating elenents 22a and 22b, thereby form ng projected and
recessed faces. In  addition, the adhesive 9 is sufficiently applied to the
end portions of the heating el enent 22azgnd 22b including the projected and
recessed faces.in the vicinities thereof. On the other hand, two hol es 32a
and 32a ar e I1¢ordrech el lredhesdd erard itige BHiocdkn 32h @b d g aorediBgdbcane
formed in each of the internal faces of these holes 32a and 32a. These
grooves 32lhexérhdniced digetficangelpendi cul ar to the insertion direction
(the direction indicated by the arrowin FIG 4) of each of the heating

el ements 22a and 22b. Ifh¢hadhesiner&di sagpilamgd slwowheihe®tling &) ebkats 22a
and 22b structured as descri bed above, and the heating elenents 22a and 22b
are inserteplunad {(hbreel én 8Re amdmmB2a sfowmelhedlG e X tgmpgpobeeck232
respectively and made 35 close contact therewith. After the heating.

el ements 22areafdr@2l anethedextkbose lcdricas iw ttheavd dinietlesndd the
heat-emtting bl ock 32, drying and heating (firing) steps are carried out,
wher eby a séméepedtiabstaficeheonsd dtd¢aging elements 22a and 22b. The

plural grooves 22¢ formed in the heating elements 22a and
22b are provided in a direction perpendicular to the

insertion direction (the direction indicated by the arrow

TN,
i

in FIG. 4) of each of the heating eleﬁents 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 3Za. These grooveé 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 220b.

The adhesive 9 is applied to the heatingelements

22a and 22b structured as described above, and the heating
elements 22a and 22b are inserted into the holes 32a and

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



of the carbon-based substance of the adhesive 9 is formed. As a result, the
heat,ing el ements 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 portions of the cylindrical heating

el ements 22a and 22b, and the grooves 32b are forned in the internal faces
of the holes 32a and 32b. As a results 3the- area of the contact between the
heating el ements 22a and 22b and the heat-emitting block 32 is increased.
Fur t her nor € LostehgarioavestBebeaddfor feft¢n the heeitAing edegfenhe 2ad
portions of the heating el enments 22a and 22b and in the internal faces of
the hol es 324 R¥P Fre| hadedivlers gronparpendittulandt bithed dseiei bhe
direction. The sintered substance of the adhesive 9 is fornmed in these
grooves 32BeatrmmihtingeRdesk PR .t Asvipld anddheaf g fdioWng ) RS 4,
the resistance of the contact between the heating elenents 22a and 22b and
t he heat - efifte iCRF i € kOB, ciherpdyr édgéadeza@d Iwes sepesgrhnsiishbnpondi ng
therebetween is enhanced significantly. In the infrared ray |anp shown in
FIG 4, botof thgecagR@IAFoAsS WIS EABCH| DEathAcadhagivkehent Soxxpednd 22b
are bonded to the holes in the heat-emtting block 32 by wusing the

car bon- baséd admesilé - otheheabingeeRpat s Réa pndradb iesm Ccopng ehefit s 22a

and 22b are inserted into the )
to the heat-emitting block 32 via the sintered 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 héating elemenfs 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



heat-em tting bl ock 32, the carbon-based adhesive 9 is still soft;
therefore, even when bal ance of the tension or conpression force between
the heating elenents is distorted, the distortion is relieved until a heat
treatment for curing the adhesive 9 is conducted. Then, after bal ance of
the tension or conpression force between the plural heating elenents is
made nearly uniform the adhesive 9 is cured and carbonized. As a result,
even when the heating elenents 22a and3®2b are heated to a high
tenperature, the distortion of the tension or conpression force bal ance

bet ween t henke&3hElerendkt SRR WERL hfgtddse e beBaBliSeZ@nanthai2bhe
heating el ements 22a_and 22b_are broken. By producing the infrared ray |anp
as descri B&® dsyvdedi £oj 8hgobsilisise itnp thsiiaaereni&ting iRk f22i ¥ rar ed
ray |anmp having plural heating el enents 22a and 22b sealed in one gl ass
tube. In t NI tdhreFaeyorahpsechambraniye & Imrifde stageivhendiiect s can
be obtained regardl ess of whether the holes 31a and 32a forned in the

heat - emi t t PAGTR bAKRA L3R IaRdeTL e 2437 Giligh 2R3 &5 o nsxegit | it e hbres with
bottom). ((Second enbodinent)) 37_Next, an infrared ray |anp in accordance
with a se tABoALARE REOthe3greddit FRVRARIORSAT |2PReSdTSCIS b
referring to the acconpanying drawings. FIG 5 is a plan view show ng the

i nfrared ré%%%%mﬁ%?tﬁh§Q§£ﬁﬁﬂFe' eVen when balance of the tension

or compression force between the heating elements is
distorted, the distortion is relieved until a heat

(. treatment for curing the 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 a result, 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

o 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 regardlesé 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)
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enbodi ment in accordance with the present invention. FIG 5 shows both end
portions of the infrared ray |lanp of the second enbodinent. Since 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
magni fi ed perspective view showi ng the connection condition between a
heating el enment and heat-emtting bl ocks in accordance with the second
enbodi mrent shown in FIG 5. FIGS. 7 and3® show other structures of the
infrared ray | anp of the second enbodinent, and are partially magnified
perspective views sh¥axtg tame irefihadsdofratyhd aopnént eorobetlawen wheéhheati ng
el emrent and the heat-emtting blocks. The infrared ray |anp of the second
enbodi ment aimeaondr @antcediméehtt e rleseptesrwnentionehadoa plidtle baeating
el ement 23 and two-split heat-emtting blocks 33a and 33b. Since the other
structures @dsthébsdcaord e znmbodi entthar ecionpanytiod hhsavioigshe FIG.
above-nentioned first enbodi nent, their explanations are omtted. In the
i nfrared ray ilsaapp bdn twhice ¢ edorwli egbooe nerirar¢ e dpdtdmmg ofl ehentde@8ndt he
heat-em tting, blocks 33a and 33b and the internal lead wires 4 are seal ed
in the gl assmbo88menuthenlaesosfiewmece WiEhGSie Praawle Bt jrusénbsonn t REGease of
t he above-nentioned first enbodinent. The internal lead wre 4 is connected
to the extebrsthoveavowhreng ppatilvas mf yiidenunffarkdshegt LAmpThE phat e
heating el ement 23 '

second embodiment. Since its central portion has a

continuous structure connecting both end portions, the
s 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 second embodiment
in éccordance 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.

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

33b and the internal lead wires 4 are sealed in the glass
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sealed in the glass tube 1 is fornmed of a carbon-based substance consisting
of a mxture of crystallized carbon such as graphite, a resistance val ue
adj ust mrent substance and anor phous carbon. This heating el enent 23 has a

pl ate C shape neasuring 6 mmin width, 0.5 mmin thickness and 300 mmin

| ength for exanple. The heat-emtting blocks 33a and 33b are forned of a
conductive material and electrically connected to one.end of the heating
element 23 by a nethod described | ater3gA-coil portion 5 is forned at one
end of the internal lead wire 4, and a spring portion 6 having elasticity
is forned flolbow ngst saowsi LnpdltGoHn S 52ndsé shpwati AsFAG e igrsdéecfnfrared
ray lanp of the fourth enbodi nent, grooves 23a and 23b are forned in the
top and botthmmgbres-venthieonat Hiors t embedinend.at Fhehdattiagpal ehead 23
respectively. The grooves 23a and 23b extend in a direction perpendicul ar
to the | ongiiurli fals agpPne@@dt®d okot hBehextianpal ehead PireTide widhebthoe 9 is
sufficiently applied to the vicinity of the end portion of the heating

el ement 23 kY bdeaym Haxkel gboeds 723a Tard Pabe heatHa eeilepoenitoz df this
heating el enment 23, a pair_of heat-emtting blocks 33a and 33b are bonded
via 39 theerihedi v& Fhmvdhgshi §HbSondutsi gPt‘-‘Sﬁle@o ofs focarbanrbasedtri cal
connection. The adhesive 9 is fornmed of a carbon-based substance that is
converted iFiHBSH2RCR GPESIGTL 1 sl Nt eEPLOA STERtAd 1grzfrhicarhnd

anor phous

such as graphite, a resistance value 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 spriné 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



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 semcircul ar shape
in cross section, and formed of graphite having good conductivity. In the
second enbodi nent, the internal lead wire 4 is formed of a tungsten wire
havi ng a thernmal expansion coefficient close to that of carbon. However,
other netal wres, such as nol ybdenumand titaniumwres, may be used as
the internal lead wire 4, if no problem38cecurs in heat resistance in
wor ki ng environnments. The external lead wre 8 is formed of a nolybdenum
wire. As debRei Bd@eddoiR,® imavhed hirdh cerrayCring ©Of se msskeopgtain
enbodi nent. the heat-emtting blocks 33a and 33b sandw ch the vicinity of
the end por&i8RtefGhe PpPRARECE-CTheatThg dRBREAVERP via fREMEFherf VB 9 so as
to attain bonding. Furthernore, the coil portion 5 of the internal |[ead
wire 4 i s WoBRACH RIS aFBBAGAME Heart ehft EPRY ST TL KSR B3 a2 aRd ¥ 538 @and
secured thereto. In this way, the heating elenment 23 is electrically
connect ed t8ft REYSHRELhALD] EAFRAR eSUFNYiAF (HARBAESI P& D ARRTPREWSeat -
emtting blocks 33a and 33b., In the internal |lead wire 4, the end portion
of the sprifBTBOM i"BHB, PERESH Hf Ny ROINIiLARRF26RTGhi cAhies hefber than
that of the coil portion 5, is electrically connected to the npl ybdenum

foil sheet ePIEMFEREIITERPRERT P PAEF oot tpekg Br¥ingpeinilafk

other end of this nnlybdenunlfgil sheet. 7 is alip connect ed .
shape, l1.e., anearly semicircular s ape 1n cross section,

and formed of graphite having good conductivity.

(— In the second embodiment, the internal lead wire
4 is formed of a tungsten wire having a thermal expansion
coefficientcloseto1ﬂuﬂ:ofcarbon; 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 i1s 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

C_' 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
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to the external lead wire 8 inside the sealing portion. In the infrared ray
| anp of the second enbodi nent, the heating elenent 23, the heat-emtting
bl ocks 33a and 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 nelted
and fused so as to be sealed. A part of4phe internal l|ead wire 4, the
nmol ybdenum foil sheet 7 and a part of the external lead wire 8 are seal ed
in the sealdhgmpaeti off shichhésglasyambihan theet iof rdredony pampien t he
second enbodinent is fornmed as descri bed above. In the infrared ray | anp of
t he second ®nbicdigtenttricaldiyuced nas toed dra lida: alodyydevnem foeli shearted ray
lanp is turned on by applying a voltage across the external lead wres 8
(FIG 5) di?prodeskdidedbion thendealtingg peatt hon el fombet g123 sf doed Lof  Tihe
car bon- based substance is heated to a high tenperature because of its
resi stance.otvwen ehérpf ltdisheailyigleslwmediii 23 hieteXphsdeldso cotsected
| ongi tudinal direction by this heating, since the spring portion 6 of the
internal |etd theeektiesqabvlieed wéreedn sl deathagseadlingelmoentodld and
t he nol ybdenum foil sheet 7, the dinensional change due to the expansion of
t he heating el enent 23njthe dipdordseeld lnay hemgoaf ridee iserwaofd elvd spimagtporti on
6. As aresult, it is possible to prevent any unnecessary bendi ng

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

33b and the internal lead wire 4 connected in series are

inserted into the space inside the heat-resistant glass

T,
E N

tube. After f£illing 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.l 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

P

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



force fromapplying to the heating elenent 23. For this reason, no
unnecessary bending force is applied to the heating elenent 23 that is
brittle at high tenperatures, and the heating el enment 23 does not break
even at high C tenperatures. In the infrared ray |lanp of the second
enbodi nent, the heat-emtting bl ocks 33a and 33b fornmed of a materi al
havi ng good el ectric conductivity are connected to the vicinity of the end
portion of the heating element 23 via- #he-carbon-based adhesi ve havi ng good
electric conductivitﬁ. For this reason, in the infrared rgé_lanp of the

& ;

second enbodl ABARRL 2 Re b Rolgddanime & o shee der thasctimengirpal
tenperature at the connection portion can be |owered. Next, the bondi.ng
condi tion ofh&Rgehdye A§ tdierfemansighdofthéhseeadingi ayeBradkd 33d#€ and
33b in the infrared ray |anp of the second enbodi ment will be described in
nore det ai |2PASTOREAWMPY FIT8 GOBLTRRLERE off tR e FRBINFaRPTELON e sédond
enbodi ment, the grooves 23a and 23b are formed in the top and bettom faces
of the vici ?airte}ﬁlbjftt Het éﬁdpoEéﬁ‘ﬁlﬁtéfm?%‘éeﬁ’éa%miﬁgl@%%ﬁﬁ32'3’. b?ﬁé%esi ve
9 formed - 42 of a liquid carbon-based or%anic substance is sufficiently
appl i ed to fRECENETSS ARGHY g ulPnhenbegltdae s brenhd2 323bF oandhiife
heating element 23 is sandwi ched between a pair of the heat-emtting bl ocks
33a and 33br&Ad°Fondyy unnecessary bendlng_force is applied to the

heating element 23 that is brittle at high temperatures,

and the heating element 23 does not break even at high

(” temperatures.
In the 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 3-3b 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 elemant 23. The adhesive 9 formed



thereto. After this bonding, the heating elenent 23 and the heat-emtting
bl ocks 33a and 33b are dried and heated (fired), thereby securely connected
by the sintered substance fornmed of the carbon-based substance of the
adhesive 9 and having high conductivity. In the second enbodi ment, by
formng the grooves 23a and 23b in the heating element 23, the area of the
contact between the heating elenent 23 and the heat- emtting bl ocks 33a and
33b increases, whereby the resistance of2t-he contact can be reduced
Furthernmore, since the adhesive 9 formed of the carbon-based organic

subst ance i ®TarAL IR kBISATRPBeDEEGkOT B8 Hifes HRALAGYR ¢ Hisngubfdade B8BhY and
33b fornmed of graphite, ~the adhesive 9 enters the grooves 23a and 23b, and
the bondi nGRIEHRENt @ hER BBl FnhOEtd e ti Bl uhbn BhERBe T O®BIRT t4 3@ BNBCcks
33a and 33b is carried out at their_ projected and recessed faces, whereby
the strengt 3% t3Rd BBRAJPRG LR BribeRedtsRgnifi E&dyiched he Serdhde
enbodi ment, the structure wherein the nunber of the qgrooves fornmed in the
vicinity of Bder el pBet P6A ot ingablrGks enEhtand B3boRESG PXXPEGI ned
as an exanple; however, an effect can al so be obtained even if plural 43
grooves are HRFRECon bhteFatdis boRbR . fHeeheakdng ﬁ%ﬂﬂﬁnte$¥e%ﬂdis
obt ai ned as the nunber of the grooves increases. In the second enbodi nent,

the heating Sttt 283M1 L EGFB O] RS hédd it @hfy Wik smidembedsb by

(fired), thereby securely connected by the sintered
substance formed of the carbon-based Qubstance 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 confact 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
émbodiment, the sfructure 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



pressure contact. 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 magnified perspective
vi ews showi ng anot her structure of the infrared ray lanp of the second
enbodi ment, and shows an exanpl e of the 43rethod of the connection between
the plate heating element 23 and two-split heat-em tting bl ocks 34a and
34b. As sho@& 99V @re7fogmgseR e face 23 mPe thof aees i Andhe highemd
bottomfaces in the vicinity of the end portion of the heating el enent 23.
The grooves®EFe@hd-s 28 adnReh@ds fe BPFO&T 85 bREpEREPEGISai NES eABES -

| ongi tudi nal direction of the heating el enent 23. The adhesive 9 fornmed of
a liquid carbon-based 1t geh® cSesqpst HRRPELMenfs | dibenthsabpproi edemetthe end
portion including these grooves 23a and 23b. On the other hand, a holl owed
Step portioR B4F NINABAnEn SHecHER bt CFhE CRES DIATEF ng Bl 88K 33k hd 34b
at a position for sandwi ching the heating elenment 23. In 44 addition, a
proj ected p®AGHHIBAcCPE G red foh @ hFESEtdp Wbkik®nTt88d.Catk sOHr Bfect ed
portion 34c is forpned at a osition wherein it fits in each of the grooves

23a and 236-STIHRUYi RTPRE SShoVeCheAti Sndd- hebkRFngr@caicht B8 1s not

necessary to accurately place the heating element and the
heat-emitting blocks at predetermined positions: the
assembly work can thus be carried out easily, and the cost
of production can be reduced significantly.

FIG. 7 is a partially mégnified perspective
views‘showing another structure of the infrared ray lamp
of the secqnd 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 ﬁerpendicular to the
longitudinal direction of Ehe heating element 23. The
adhesive 9 formed of a liguild carbon-based organic
substance is sufficiently applied to the end portion
including these grooves 23a and 23Db.

On the other hand, a hollowed step portionl34d
is formed on each of the heat-emitting blocks 34a and 34b

at a position for sandwiching the heating element 23. 1In
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The heating el enent 23 structured as described above is placed between the
two heat-emtting bl ocks 34a and 34b and bonded thereto. At this tine, the
projected portions 34c of the heat-emtting blocks 34a and 34b fit in the
grooves 23a and 23b in the heating el enent 23. After this fitting, the
heating el enent 23 and the heat-emitting block 34a and 34b are dried and
heated (fired), thereby securely connected by the sintered substance forned
of the carbon-based substance of the-adlesi ve 9 and havi ng hi gh
conductivity. Since the second enbodi nent shown in FIG 7 is structured so
that the pr8féditd®hord PRI 89ESH PPRE 1 at4 @t tF AEMBroeRs tB4$ &iP®4b fit
in the grooves 23a and 23b in the heating elenment 23, the area of the '
contact bePRESH A Heat | TRL S ePERSMC 81 aRATEAO TS ehf t EPRBe DI IR 34a
and 34b increases, whereby the resistance of  the contact can be reduced. In
addition, sPREELIRD pieeiBdifoftlitohsiB42ach) L R I%P OBOEs 2380 AHY 23D,
t he bonding condition, between the heating elenment 23 and the heat-em tting
bl ocks 34a 3R3® FAFTAd iRethéh&hvec ompatdmedtRsa§indureteByntne st rengt h
of the. bonding is enhanced. - 45 The structure wherein the_grooves are
formed in the heating’8 &fHii®3 ahameRe priofddidt pheti 8AsIgFeT ifded on

the heat-em tting bl ocks 34a and 34b Ls explained as an exanple in the
second enbodPFES 15 dfﬁq&yeen the two heat-emitting blocks 34a

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

portions 34c of the heat-emitting blocks 34a and 34b fit
( inthegroovés23aand23b:ﬂ1theheatingelement23. 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 sco that the projected portions 34c of the
heat-emitting blocks 34a and 34b £it 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
6locks 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.



present invention is not limted to this kind of structure; the grooves and
the projected portions nay be fornmed opposite to each other, and the nunber
of each is not I|imted to one. FIG 8 is a partially nmagnified perspective
views showi ng still another structure of the infrared ray |anp of the
second enbodi nent, and shows the nmethod of the connection between a plate
heating el enent 24 and two- split heat-emtting bl ocks 35a and 35b. As shown
in FIG 8, a through hole 24a is forned 43 nthe vicinity of the end portion
of the heating elenent_ 24. The adhesive 9 f ormed of a li UI d carbon- based
organic substance is St 3t Eht Y SapBerEd Ghtenﬁré’r?d’ep‘brat’?% OTRF et ng
this through hole 24a. On_the other hand, .a hol |l owed ste ortlon 35d is
forned(Nle&@ﬁtﬁe?ﬁénﬁe§QQQﬁQ§l%a BRSL K& Rr 348 CEss EﬁBB§|ﬁ§ﬁ1for
sandw ching the heatin enent 24. dditian, rojected portion 35c is
formed on t APFMEER™ Eg?tet}%t?:%ﬁltﬂrég Bié]cé%'i é&ap%?ﬁ 4’1 P dscexrRipdmat at a
position wherein it flti in the t hrough hole 24a forned in the

above- ment i 8fe@ heat *Hg-&l dferthe4Se¢ é’%e%??‘i’é”@?@ﬁenth%e‘é??:ucﬂ:@reed as
described - 46 above is sandw cheqiﬁ he t wo _heat - ting bl ocks

35a and 35bp§ﬁtf%?ld'é’d"?rh1é+%?o"s °tfhl'é156°r]d} Bﬁeﬁ FBftivdits’ 35¢ of

the heat- emi it ng. bLOSKs 33 ¢ péé%efAJeanpapslagrSO%%@ oLec2aady the

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. Theadhesive&’formedofaaliquidcarbon—basédorganic
substance is sufficiently applied to the end pprtion

including this through hole 24a.

T

On the other hand, a hollowed step portion 354
is formed on each of the heat-emitting blocks 35a and 35b
at a position for sandwiching the heating element 24. 1In
addition, a projected portion 35c is formed on this step
portion 35d. This projected portion 35c¢ 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



After this bonding, the heating elenment 24 and the heat-emtting bl ock 35a
and 35b are dried and heated (fired), thereby securely connected by the
sintered substance formed of the carbon-based substance of the adhesive 9
and havi ng high conductivity. Since the enbodi nent showmn in FIG 8 is
structured so that the projected portions 34c of the heat-emtting bl ocks
'35a and 35b fit in the through hole 24a in the heating el enent 24, the area
of the contact between the heating eledént 24 and the heat-emtting bl ocks
35a and 35b increases, whereby the resistance of the contact can be
reduced. | neheHRt L6nS2BAWdE ¢ Rrbyeenefhpotiiconseadbeemitting PR akH ough
hol e 24a, the condition of the bonding between the heating el enent 24 and

t he heat-enBB8i A2 BdI@ndskoate Bsbhorgtone Adheshie 9iB&corfdse strong,
whereby the strength of the bonding is enhanced. The structure wherein the

t hr ough hol BTaAg§ctisél PRIdjictt @ Porh shedreatreaditefinad karknirrarst each
is one is explained as an exanple in the enbodi nent showmn in FIG_ 8§;
however, the3predbntnitherdtiorupl hotel 2Art &8 the Rap§iRgnalementy ddure; if
an oval hole and an oval 47 . projected portion are used or if plural holes
and plural AptEFedtiichsPareinded Hhe Pratidd @hepenti t?t“ed“l@ltgh@ach ot her

for. exanple, simlar effect_as that of the _above-nentioned, enbodi nent can
be Obtainedheat-emlttlng biock 35a and 35b 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 embodiment shown in FIG. 8 is
structured so that the projected portions 34c of the
heat-emitting blocks 35a and 35b £it in the through hole
Z24a 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 condition of the bonding

T

between the heating element 24 and the heat-emitting
blocks 35a and 35b via the adhesive.Q becdmes strong,
whereby the strength of the bonding is enhanbed.

The structure wherein the through hole and the
projected portion are circular and the number of each is
oné 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



Furthernore, it may be possible to use the structure wherein only the
projected portion 35¢c shown in FIG 8 is fornmed into a rod shape as a
separate piece, and a through hole is formed in the step portion 35d of
each of the heat-emtting bl ocks 35a and 35b so that the rod-Ilike
projected portion is inserted into the through holes in the heat-emtting
bl ocks 35a and 35b and the thorough hole 24a in the heating el enent 24.
Wth this structure, the heat-emtting pfacks 35a and 35b can be processed
easily, and the cost of production can be reduced. The heat-emtting bl ock
formed of gmpaphjdetelapbmgiconducd iwvséd @endifirp Bhealr hdaelseamdalldtmct i on
is explained as an exanple in the first and second enbodi nents; however;
the materi alprafjédeibeat aem tisend) ard ack tlseyotahi bet €d tte dyriav tesgclvar i ous
materials having heat resistance up to 12000C , good el ectrical

conducti vi t ot foodetzapipd , conoidiawidfface applilcablef Shece graphite
itself is lowin hardness and strength for exanple, various nmaterials
enhanced i n dirdmessnandnstd emmgbhdisweit @sn abeanapetiaalnedt ai ned by m xi ng a
carbide, a nitride, 'a boride, etc. with graphite and by firing the m xture,
a - 48 nmterial obtaifredthgraddieng ftameyl ibee pasHbdhleo tgr apde t heand by
firing the mxture, and the like, are applicable. The present invention has
the fol | ow ratmi¢tereashpued coady hhet pe ogleaies drwiy bhed et shewn in

expl anati ons _
FIG. 8 is formed into a rod shape as a separate piece, and

a through hole is formed in the step portion 354 of each
of the heat—emitting bloéks 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 hele 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 fﬁnction is
explainéd as an example in the‘first and second
embodiments; however,; the material of the heat-emitting
block is not 1imited to graphité; various materials having
heatresistancetu)tolZOOTZ,gdodelectricalconductivity
and good thermal conductivity are applicable. Since
graphiteitselfisiUNvinhardnessandstrengthforexample,
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



of the first and second enbodi nents. In accordance with the present

i nvention, the heating portions can be prevented from fusing and breaking
during use for a long tinme, whereby it is possible to obtain an infrared
ray |lanmp having high reliability and long Iife. The infrared ray |anp of the
present invention uses a heating elenent fornmed of a carbon-based substance
and fornmed into a rod-like shape instead of the conventional tungsten
spiral filanent, and the infrared" ray4®m-ssion rate of the rod-Ilike

car bon-based substance is high, 78 to 84% for this reason, the infrared
ray eni ssiYBﬁtreétl@]ontbr?b“i‘WF?%Y@tﬁ@h@/gl%ﬁsﬁﬁlﬁﬁh?amﬂ’% k& FERPh it Pce the
rod-1i ke carbqgn-based substance has a negative _tenperature characteristic
wher ei n t he@PPe8¥sEaFd® g dhs NLELERE -t BRfetdurld kG sedT e RPP41FA Dt e to
reduce the rush current at the tinme when the infrared. ray la of the
present invention is tCorh&F OPCREUFEREMGOE hGHdd ¢ k@oiﬁg?’&ﬂjgelfdffq’%rrp of
the present invention is structured such that the heat- emtting bl ocks
havi ng good2&dhateG A3y B EhsoRBeY SrFamsl oRfd dot 2+ 4RE BXPLABATIRTF ke

car bon- based he%ti ng. el ement, the resistance of the contact between the
heating el efént-1e A%I%Fdafll’?e AP enf B3HERs at the time of heating
can be reduced, and tenperature increase can be |owered, whereby it is
possi bl e to significadt) PERPEARE Fhe' 1T FhBi Prepsm t bt Y34 iRin-e the

I.nst allati O?Le%q:rfrllg})%%'rtions can be prevented from fusing and breaking

during use'for a long time, whereby it is possible to obtain

(" 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-like carbon-based substance
is high, 78 to 84%; for this reason, the infrared‘ray
emissioﬁ rate of the infrared ray lamp is high.
Furthermore, since the rod-like carbon-based substance

has a negative temperature characteristic wherein the

l/"—\\.

resistance lowers as the temperature rises, it is possible
to reduce the rush current at the time when fhe infrared
ray lamp of the present invention is turﬁed 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-like carbon-based heating element,

the resistance of the contact between the heating element



Furthernore, the infrared ray |lanp of the present invention has the
structure wherein the projected and recessed portions are forned between
the rod-l1ike carbon-based heating el ement and theheat -emtting blocks and
t hen bonded and fired via the carbon-based adhesi ve. Because of this
structure, the strength of the bonding portions of the infrared ray |anp of
the present invention becones high. Furthernore, since the rod-1ike carbon-
based heating el enent and the adhesive f&% < oining the heat-enitting bl ocks
are forned of simlar nmaterial, their Lhernal expansi on_coefficients are
al nost si ni PRA thihdienlpRitdiRg HhrekEopr Shtud i ghi Yepréiinghi@an
infrared ray | anp, not _causing any acci dents, such as breakage, during
on-of f svi t Bi 6 BREPAr | BRY GreTBPBAGUTA HECHRAE RFth (6 of ALETERe
structure mhere%g?the nod-like_cE%bgn-based eatiﬁg el ement and_t he heat -

i

emitting bl YOELSRE HbndEd PR SHRI®i £0i Fg 103PheY STPRARFENEDS the

Dsod it he SHOGUnE LS FRyGH IIF {Fors s Tt £ 5 BRI Yt KBS Ly and to
raise quality at the tjme of the bonding, Ln accordance wth e method of
producing the - 50 i rﬁ“f’éﬂéﬁrWQfel'a:}g“%fl’t‘ﬁ’éaﬁreéjse‘?ﬂyl ﬁ@@ﬁt |°d€rt1,t1??_ is
possi Bl o, obualp gl xorelboble doliatadaalam (ehepacterteg In
long tine, %m%tgggessed portions 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—emittingblocksareformedofsimilarmaterial;their
thermal expansion doefficients are a;most gimilar,
whereby it islpossible 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-
emifting 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



the heating portions are prevented fromfusing and breaking during use for
along tine; furthernore, it is possible to enhance workability and to
‘raise quality at the time 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 materials, sizes,
production nethods and the |ike of the %nbodinent descri bed below are only
exanpl es preferable for an enbodi nent “oPY% Re present invention. The

appl 1 cabl e {3898:0q g, PLAReBl LAYELONN . Epllsalar e oLl LaLLad fy these

exarrpl es. I's a pl/an view show n Inrra anp In

accordance withy Hnﬁgi2%¥Higgq§ﬂd¥$f£ab9%|Emi?gfégnkagnW%ﬂ} on, and part (b)

is afront view |saprspe ive view

showi ng_t hehaLeArak 1 2¥al Q8P 3l £l G ¢ 9p oYLV EIn o TS of M EEMhER! POT Lion

of the infrare ray Tanp can be unders Sod T rom e pOF%IOﬂS shomn |n
the figures t r &

ci ther Jof t R8N guﬁéé‘% e T
conprises ay t li i sheets 305
enbeddedir1 ot%%ﬁgéﬁ% Fﬁgﬁs4§%£&f%f9%%ﬁ§%ﬁ%§s§?ége€§%fﬂ%.%%gtlng

g: ement sggah}%r mtdgaawm@eal ed ddrsiderdhg ghaes WS rPinobeat 1&mitd i ng

possible to enhance workability and to raise quality at
the time o0f 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



secured to both end portions of the heating el enent 302, internal |ead
wires 304 for connecting the heat-emtting blocks 303 to the netal foil
sheets 305, and external |lead wres 306 for connecting the netal foil
sheets 305 to an ( external electric circuit. The glass tube 301 is forned
of quartz glass. The cylindrical portion of the glass tube 301 is about 10
mmin outside dianmeter, about 1 mmin thickness and about 360 nmin |ength.
The sealing portions 301c at both ends. sf the cylindrical portion-are each
formed into a plate .shape, and an argon gas havi ng at nospheric pressure is
filled insidonpreicgsi adswes tpotinddy Tl iwdtioglelodmsd B308Bei S0fior med of
a carbon-based substance consisting of a mxture of ( crystallized carbon
such as gramtaftael foiksskBeeance 3Va embeattjedtimritotbbstdnpersionsasS i c

ni trogen conmpound and anor phous carbon. The resistance val ue adj ust nent
subst ance | ofivithdd pdamdj dstbe BOlr.egilstaningod 1 ehenlteddRrigerebeiertl 392.

Thi s resistance val ue adjustnent substance is used to nmake the resistance
val ue of thesdmktdrrig=l@aiite dliggretublead 0tlthaheatt ~@mhidat img bdl ;rient3 G dr ned
of only carbon. 52 The heating el enent 302 in accordance with the third
enbodi mrent hescurpliate Bhipeehdvprgtd ans ckhedse theatifgbebmmea tv3dih, T of
1.Om (= 2t), 2.5 mm (= 5t) or

internal lead wires 304 for connecting the heat-emitting

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 wvalue adjustment
substance is mixed to adjust the resistance of the heating
element 302. This resistance value adjustment substance
igs used to make the resistance value of the heating element

higher than that of a heating element formed of only

carbon.



| I ——

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 heating

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 about 6 mmin dianmeter and about 20
mmin length. A slit 303a, in which thé&2l engitudinal end portion of the
heating element 2 is _inserted, is forned in the end face 303b of the heat-
emitting bl ock 303 oppdSedadFihe mbaPPAY SPSmifmt PP Ed2ngs ¥éthaddia hrough
its center. The heating element 2 is _fitted into this slit 303a and secured
to the heattRirét eAPOoHIBRRE3BES Ph@ldherTRereeRaWiit® B0 ickRds ™ &ightly
around the central portion of theheat -emtting block 303, therehy formng
a cl ose- con?BcP - fof.orf 304ALh, Fheforlodd -t 7oAkl rarkedd Pt he A&dt Sdhitting
bl ock 303 is sufficiently larger.  than the cross-sectional area of the
heating el eﬁeﬂtm@oﬁf(la%%ﬁta%iirr?e ke mBERoPE RReut|H0 P HaM hi HEWENsSddi et ). The
resi stance value of the heat-emtting block 303 is therefore sufficiently
smal | er  t hBhatRe Dedsh Br Angdeiainde Ht2 taVhBSt BnyidtEheht©B808: Cam (53 3
result, when_a current flows through the heating elenment 302 and the
heating el efdht! 3% INERatBs FHER; ?Ph8PAedt’ - generation at the

heat-emtting bl ock 3 ifself is
9 B3 b8 ditting 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—erﬁitting 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 2302 so
as tb pass thfough its center. The heating element 2 is
fitted into this slit 303a and secured to the heat-emitting
block 303. The internal lead wire 304 is wound 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 wvalue 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 emtted
from the surface of the heat-emtting block 303. As a result, the anount
of the heat transmtted fromthe heat-emtting C block 303 to the internal
lead wire 304 is very scarce, and the internal lead wire 304 is therefore
not overheated. The internal |ead w re5304 is formed of nol ybdenum or
tungsten, and is a conductive w re of about 7 mmin dianeter. The
internal | eadFsftet s0vheRe Fuhsnt £l te&rq%fh b e IR nee t

cl ose-cont act portion 304a  wound around the heat-em tting bl ock 303. The
spiral coil3 %o’i”f‘?loﬁhgolﬁﬁat&nlga meph PP heIeneEetEMRGT poFIFFOIﬁGS(Ma by
about 0.5 to 1.0 mmin dianeter, and is provided so as_. to be coaxial with
the center F&P&Tf 1% %%a?h%npﬁﬁtngem’o’FEERQSEéLo%é%%l t&5eddi 11Portion
304b is disposed away . from tfe side face of -the heat-emtting bl ock 303 by
a predeter"l‘r‘llﬁgélcaleé’ttag%é%l ?lﬁttl??ncghab?p%ﬁ@%ﬁ&a&ﬂﬂga%]temﬁp% 82coi |
spring in the_axia t|on of tg%@%i emtting block 303._ In addition,
one end of ¥ME FHY ?‘ I@ﬁad?AFFE §t§§cur & gdtlﬁel%téﬁ $PRIEheet
305 by CI’I |ng f _asse e, |nt nal vmres 4 304

on both sid® aﬁrés %Irlaé‘fr%]otnfﬁgt &80 Hego ?melnotn 2 abButhg§ mm

outwardly IIQ theelmol%:gﬁjgd'br?oc iggtlpart of the heat is emitted from

the surface of the heat-emitting block 303. As a result,
( the amount of the heat transmitted from the heat-emritting
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
0.7 mmin diameter. The internal lead wire 304 has a spiral
coll portion 304b following the close-contact portion 304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger than the closé-—contact porfion 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
frdm the side face of the heat-emitting block '303 by a
predetermined distance so thét it can expand and contract
like a coil spring in the axial direction of the heat-
emitting block 303. In addition, one end of the internal
lead wire 304 is secured to the metal foil sheet 305 by

crimping. At the time of assembly, the internal leadwires



| s

than its normal | ength, whereby the heating element 302 is secured. As
descri bed above, in the third enbodinent, the heating elenent 302 is

el ectrically connected to the netal foil sheets 305, and pulled
appropriately to both sides thereof by the internal |ead wires 304, thereby
secured stably. At this time, the heating elenent 302 is secured so that
the center line of the heating elenent 302 in the |ongitudinal direction
thereof is aligned with the center axd $4f-the glass tube 301. In addition
the spiral coil portion 304b of the internal |ead wire 304 has a function
descri bed béPdwenaA®otdesdddediatiitl Lofencatbatreachf pdns hem Segrnase
heating elenent 302 and the heating el ement 302 generates heat, the

t enper at ur e$O8TATHh@HREE i hFMePBA#HT BbY Hhdhad Afieksudingd doredteieni sed
by the heat, and they undergo thermal _expansion. At this tine, a thernal
stress occutdafetifeMOorRalhd&Nigid o EReRE LIV I N dr el gPagd emedet 3372
because of the difference between their thermal expansion coefficients.
Thi s ther maf-SstS&%¥ ¢4 -absorbed by the ‘elasticity of the spiral coi
portion 304b. Because of _this structure, in the third enbodi ment, the
connection between tHe RERCERediaRPBRock 30 hd thempadiment) theeet
305 via the_internal lead wire 304 is not inpaired 55 - hy the thernal
stress. Thel®@tEing slengrbd BHa s §1&crﬁﬂjsﬁb%lng%¥|rﬁcf%’il13°ted to the metal

foil sheets 305, and pulled appropriately to both sides

thereof by the internal lead wires 304, théreby secured

s 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
elemént 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 exéansion
coefficieﬁts. This thermal stress 1is 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



sheet neasuring about 3 mMm by 7 nmm by 0.02 nm (thickness) . The inner |ead
wire 304 is secured to one end of the netal foil sheet 305, and the
external lead wire 306 is secured to the other end thereof. The external

|l ead wire 306 is fornmed of nolybdenum and welded to the netal foil sheet
305. When a voltage is applied to the heating elenent 302 via the external
|l ead wires 306, a current flows through the heating el enent 302. Since the
heating elenent 302 has a resistance; hBat generates fromthe heating

el ement 302. At this tine, the heating element 302 emts infrared rays.
Part (a) ofP¥l&herthermal, s5FeSifowi ng the. distribution curve of the

intensity of the infrared rays nitteg fromthe heating el ement 302 of the
third enbodinent. ParfeB)e lFf%lllf §I‘?J\/\53Q$1elﬁrés§‘°g€&q%?\umo1f°tlﬂe
central portjon of the infrared r | a f the third enbodinent having the
heating el effBRe 3B SR ARPYL %;E‘Ebgghgv%m the AN  WAHCKRESED): of

FIG 11 are ortho ona'lll8 coondingte axes on.a pl ane peéBendicular to the

axi al  di r eCPPoMNBETt hEWLYLTFy S 8lrehEnt ©SHZ SShétn on% BRE °fothenmeliad part s

(a) and (b) of FIG 11, the orjqgin O corresponds. to th epnter axis of the

heating el efi@it §55eY r?ot#e aj’rda%l}?e 8?‘%%3“?3 rtegd)WHFer Qﬁg 15 SeRELAH ves in

the radi al i rections qfségnate the_em ssion inte gé&y of the infrared
c

56
rays, and t 8 (EEUELIHST (HY %ﬁﬁ?gren?ﬁﬁleXterna wire 306 is

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. Paxrt (b) of FIG. 11 shows the cross section
of the central portion of the infrared ray lamp of the third
embodiment having the heating element 302. The x and y
axes shown in the parts (a) and (b) of FIG. 11 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 302 shown in FIG. 10. 1In
the parts (a) and (b) of FIG. 11, the origin 0 corresponds
to the center axis of the heating element 302. In the graph

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



directions designate angles with respect to the center axis on the plane
perpendi cular to the axial direction of the heating el enment 302. These
angl es are designated by angles fromthe positive direction of the x axis.
The thick solid line 307a, the thin solid line 307b and the broken |ine
307c in the part (a) of FIG 11 designate the intensity distribution curves
in the case when the width T of the heating elenent 302 is 6.0 nm 2.5 nm
and 1.0 mm respectively. Since the thi dess (t) of the heating el ement

302 is 0.5 mm the intensity distripution curve 307a is. obtained in the case
when the wgg#ﬁsﬁ¥%96 £§n§5% hgﬁtFﬂj%ﬁ%ﬂ%n%@ﬁﬁ?ﬁ%ﬁﬂz?? Fg@ intensity
di stribution curve 307b is obtaiped in.the case ,when the width T (2.5

of the heat M Hﬁ%ﬁ%nfa§52i%935 ,eaﬂﬁ%ﬂﬁfi+ﬁeﬁ§?tf%ﬁ%ﬂ?%%ﬁ??&&éﬁwveng%7c
is obtained._.in the case when the width T (1..0 of the ating el enent
h02 s ot At T e da e hae ShENE 1t FRoba 1 Byt Ran Rl AR S07a,
307b and 307c were asured as _desc lbeq bel ow, . First, a _constant voltage

is applied B S00WS RIS R SRATANE U LATd tonFREr 8 itdy ST BHP Rt from
romthe | nirs BPdGHRD rhoBedE v ne Hirtmans B95 0F%, B Rarired by |

| 1 , i ys is
neasur ed at g Aosi tLon .| QLA ef 2, £9StAN, JisEanc (gpoup 300 ™ avay from

The thick solid line 307a, the thin solid line
307b and the broken line 307c in the part (a) of FIG. 11

(” designate the iptensity 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



(the origin O of FIG 11) of the heating elenent 302 in a direction
perpendi cul ar thereto. At this time, the anount of infrared rays reaching a
predetermned mnute area at a predeterm ned position is neasured. This
measurenent is repeated while the angle with respect to the heating el enent
302 is changed, with the distance fromC the origin O being maintained
constant. As the result of this neasurenent, the intensity distribution
curves 307a, 307b and 307c shown in th&7part (a) of FIG 11 were obtained. .
As indicated_by the |nten5|2¥ distribution _curves 307a,. K 307b and 307c shown
in the part°fa Sflﬁﬁégrgﬂl %X&a%ﬁr%%??BFPQ 8t Eh®ATiehReTt §O6R tekk 2

i nfrared raé nltt fromt e heat i nent 302 becgnes hi gher .as the
Snsd StiEe S B

ratio of th lail?tT llﬁtlaﬁ’epef tﬁ&faﬁfe £io7y thE eRBAE D 130 nes
hi gher. Waen T ? 5t in partic en the ratio of the width T
to the thi ckhBgs OF LD fqvaa.:fL ﬂﬁor&tﬂ bf dHe dERch Rt agerh RS i s
direction is si nlflcantl rrthan that in the x axis direction. Wen
the infrarel f& 9%%?%%@ FytReTed&scr fgedt by E 1M eor E&%nple

when only a redetefnlrgg re ion is desired to be heated,. the reg}on shoul d
be placed B °Pﬁ§ R taxis T Hh® hEagﬁnFﬁﬁﬁPlWﬂmﬁlBﬁPQeﬁﬁfﬂﬁ%ﬁgt@F
region is not deS|red to be heated,.the - ion_should be placed on the

y axis. As &TPEs@% 2 iRre ﬁEeFmHﬁwi%%ﬁ%ﬁé&P % FEAFEEEGT i MiErSity can

have measurement 1s repeated while the angle with respect to

the heating element 302 is changed, with the distance £rom
(' the origin 0 being maintained constant. As the result of
| this measurement, the intensity distribution curves 307a,
307b and 307c¢c 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 thickneéss 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
directiﬁn.

When the infr,ared 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 oﬁly the

-predetermined region is not desired to be heated, the



directivity, even if such a reflection plate as that used for the
conventional infrared ray |lanp shown in the above-nentioned FIGS. 25 and 26
is not provided. The heating elenment 302 of the third enbodinent is forned
of a carbon-based substance consisting of a mxture of crystallized carbon
such as graphite, a resistance value adjustnent substance such as a
nitrogen conpound and anor phous carbon. As descri bed above, the

car bon-based substance used as the mat-eigal- of the heating element 302 has
an infrared ray em ssion rate higher than those of the convent _

i onal ni chr oRB 94 tShRy3tenPerst- & oRebBBnY RFEF t hd TR boRSBased in
substance is used as_the heating el enment 302 of the infrared ray |anp, the
efficiency &het idigid sePBAMMAGR t het ReaeMid sl WhehRt 8081 4% W@hélﬁvﬁwan
those fromthe conventional heating elenents. Furthernore, since the

resi stance GArgEivihe. #éati hf erehentr8Dhe 6t ioRePLRAted adnBiddithivred s

hi gher than those of the conventional heating el enents, even if the
surface arefosf Ghife ¢RAYPRGIOMeentAERESE TRy shapk 6howd rbe, thepl ate or
the like is smaller than those of the conventional heating el enents, the
heating el eRBRVEcAREN hPREPNFdied faydnkadithgtSuRrptcPERvidgensity. As a
result, since the surface area of the heating element 302 - 59 is smaller
than those of the conveift ih@r?eﬂl%aq}%eélte%gt%? thedth bRl sePBAIEFGAY he

heating el enent 302 to the gas o
is formed of a CTarbon-based substance consisting of a

mixture of crystallized carbon such as graphite, a

(“ resistance value adjustment substancé 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 infréred 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.

FalRN

Furthermore, since the resisténce 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 eleément can
emit infrared rays having sufficient intensity. As a

result, since the surface area of the heating element 302



around the elenent is scarce, whereby efficiency reduction due to heat
em-ssion fromthe heating elenent 302 is restricted. Because of the
above-nmenti oned reasons, when a constant voltage is applied to the infrared
ray |lanp, the emssion intensity of the third enbodi nent 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-nentioned FIG 24, of the conventional infrared
ray |anp havi ng t he heating el enent Z463% or med of ni chrome or tungsten. In

the part (a an th a 4 e. con entr

gradati ons %‘3 Tﬁg%?‘ﬁ sm%%hosﬁ %%;%Pg 3?\%}’%3%‘0&% Pgl’aqi %t‘? T/e‘i‘/‘g?Ues
respectivel vever e t t heatl 302 s farnmed of
t he carbon- ﬁgged Jaélgefg%% t{kp%stslé% a9 e %Iel resen‘f0 1rpibgnt‘:"iao‘c‘n Even
if the heat| n Y he conve lonal ni chr.o

t ungst en, df m‘?‘n % 1"ﬁejasfi'ng elf%?r%n% %bﬁlegclyafagru n its

t hi ckness b f|v | $ HROSS sible to tain ssion
intensity hgv%‘\ng sﬁl%:%ége?mgl ve oyn hjl*:f;ﬁmdl%r ct ?/aE§ngs fir%'%enﬁ‘ ngl atéd by the
intensity direction gurves 307a and 307b shown in the part (a) of FIG 11.
60 AIthougﬁ the Jhea ing el ement 302 of the third enbodi ment forned

integrally into the S%@%%&geEbfoghgrabove-mentloned reasons, when a

constant voltage is applied to the infrared ray lamp, the

emission intensity of the third embodiment shown in the
(r part (a) of FIG. 11 is about 20 to 30% higher than the
k emission intensity, shown in the part (a) of the
above-mentioned FIG. 24, ofiﬂuaconventionai infrared ray
lamp having the heating element 240 formed of nichrome §r
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
respeétively.

However, the fact that the heating elemeﬁt 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 obtéin
emission intensity having such relatively high
directivit? as those indicated by the intensity direction

curves 307a and 307b shown in the part (a) of FIG. 11.



plate is explained as an exanple, the heating el enent of the present
invention is not limted to this kind of shape; a bundle obtained by

bi nding plural rod-1ike nmenbers for exanple may be used as a whole to form
a heating nenber. Furthernore, although the infrared ray lanp of the third
enbodi ment having the em ssion blocks 303 is explained as an exanple, the
present inventionis not Ilimted to this kind of structure. In the case
when the anount of the heat transmtte®%romthe heating elenent to the

i nt | | ead w to.th t t t int | ead wi
are not overheat ed foRSIHIER Fhe BedrthhcBLARER S RO LS| FPEathaRd of an
i nf d th t wh th bl tted
al'so appl i 2§ﬁkéﬁpwmefﬁr@‘é@o&rrﬁ&ﬁ%fk§x& Rt o 1P eRBotEnBnr o6t Qe
t | | d bed f to th
B awi ngs.  PoAGsoLs mP AL SERGRE S é%s%réi”gwe?q e = BERRoRL SR 9 1§ ke
f th nb t d bed | e 1
IR L L T e RS RE Eha U I b bt ﬁeﬁéaaeesem
t th f- t | ted th t |G 12
8 a"hl on VROBNERIR R e n'ﬂ?”gﬂ%an?éygé P ST i RE G BR Tha Four 1
enbodi nent 61 of the resen% |n¥gnt|o qquij Atg NN l%roagm E?W
thereof. In ﬁ&mQ%(n$ I?f 13° Serspec I"ew g

Furthermore, although the infrared ray lamp of

the third embodiment having the emission blécks 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 tﬂe 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 1ike 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



showing the infrared ray lanp of FIG 12. However, since 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 fourth enbodi nent,
simlar conmponents as those of the third enbodi mrent shown in FIGS. 9 and
10 are designated by the sane nunerals, and their explanations are onmtted.
The infrared ray |anp of the fourth enbédi rent has a reflection film 301a
for infrared rays in a constant range on the external face of the glass

t ube 301 asoéhﬁéﬁ DLheRES. 1ayeaid o, ARda@d@inh ohPi olsh@ siverturdest the
third enbodiment. The reflection film30la is a gold thin film evaporated
on the exteckharerice 4 ARAYFHSE -t HHE 3043 46 & RFPROELA viEhiel@ess of
about 59m This reflection film301la reflects about 70% of the infrared
rays emtt e®loVigs the heitafseImdeta™mRL AL Ghovh- | FEYeseri2sande 13,
the reflection film 301la is di sposed between the heat-emtting bl ocks 303
provi ded onthet Fesitdesl PRTSHEREr Chwotlie, 18 &FFY BaYa LFFH t5¥h Bfposed to
the light- emtting portion of the heating elenment 302 in the_  |ongitudinal
direction tRefesstond TR IRRER PR PrPr%(}Pélsna%h%W%ehP-E]?Fi H4EPERS shape,
and the internal face 62 of the reflection film30la is disposed so as to

be opposed th& FRBLRRdePOSHPL T e BRd HITEREANESYi AGTE dFehP t3gRown

in either of the figures.

Furthermore, in the fourth embodiment, similar

(' components as those of the third embodiment shown in FIGS.

9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fourth embodiment
has a reflection £film 30la for infrared rays in a constant
range on the external face of the glass tube 301 as shown
in FIGS. 12 and 13, in addition to the structure of the
third.embodimenf. The reflection £ilm 301la is a gold thin

film evaporated on the external face of the glass tube 301

so as to have a thickness of about 54 m. This reflection

P s

film 301la 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

301la has a semi-cylindrical shape, and the internal face



Part (a) of FIG 14 is a graph show ng the distribution curve 307d of the
intensity of the infrared rays emtted fromthe heating el enent 302 of the
fourth enbodinment. Part (b) of FIG 14 shows the cross section of the
central portion of the infrared ray |anp of the fourth enbodi nent havi ng

t he heating elenent 302. The x and y axes shown in the parts (a) and (b) of
FIG 14 are orthogonal coordi nate axes on a plane perpendicular to the
axial direction of the heating el enent 882-shown in FIG 13. In the parts
(a) and (b) of FIG 14, the origin O corresponds to the center axis of the
heati ng el emErth8@2fldptihe Palms3¢ha of AHispoddd shas dlouks ¢ppohedr adi al
directions designate the em ssion intensity of the infrared rays, and the
val ues in the thecwifleemide fdrieedliZanedignacatimg eslememtrddpect to
the center axis on the plane perpendicular to the axial direction of the
heating el ement 302. Fhade (@hlef HA&.ddsi ghat @dgbypphangiiedingormhehe
positive direction of the x axis. The concentric gradations for the

em ssion i ndéatirtiyputiamecupaet 303y of rhe ingeinsdittcatet ttee sambrazkedes of
the gradations in the part (a) of FIG 11. In addition, a constant power of
600 Wis apparedemidtiare fnehatke h@ptiang. eBemeatt B Zmexfs dilegrehoumsbhod is
the sanme as that of the third enbodinent, its 63 - explanation is omtted.
As indi cat eeimbypdifentt efRTy b3t eEbEilGonlduphews the cross section

of the central portion of the infrared ray lamp of the
fourth embodiment having the heating element 302. The x
.( and y axes shown in'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 df 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

N

the heating element 302. These angles are designated by '
angles from the positive direction of the x axis. The
concentric gradations fdr 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
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307d in the part (a) of FIG 14, the infrared rays from the heating el enent
302 are enmitted 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 direction in the part (b) of FIG
14). The maxi mum em ssion intensity is about 1.5 tinmes as high as that of
the infrared ray |lanp of the third enbodinment. On the other hand, the
infrared rays fromthe heating elenent g302 are hardly emitted in the
negative direction of the x axis, that is, in the direction wherein the
infrared ragspdranstiehdéd bwittheedef| ection film30la (in the left
direction in the part (b) of FIG 14). Wen the intensity distribution curve
307d in the part (a) 2¢f iRfGcalted Sycbhpairtienstitiyt fitstaibertionalurve
intensity distribution curve 271 indicated in the part (a) of FIG 26, the
em ssion i nBeIS tin ithe hepaconvent icdhad IGi nlénsithe dirsfrabeati caysurfmmo®R71 i s
substantially uniform in a wide angle range near an area in the positive
direction ahet heating 1lddenbel®herehamilt ted nhetcasd aafsd by Iourtid
enbodi ment, the ém ssion intensity gradually lowers as the distance from
the x axis pestiheiposiireetidpnecti thet Rergak, thertedsesinAs diresutiignt he
em ssion intensity in the fourth enbodinent is |larger than that of the
convent i onabp@bs ekanpd éheame fhectangepWedreeBR Lichw iitit mneycbetc@rtése a

maxi mum val ue in the fourth enbodi nent is narrower than
heating element 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 3074 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 awide angle range near an area in the positive direction

of the x axis. On the cother hand, in the case of the fourth
embodiment, the emission intensity gradually lowers as thé
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



that in the conventional exanple. The infrared ray |lanp of the fourth
enbodinent is thus suited to a case wherein an object disposed in the
positive direction of the x axis is locally heated for exanple. In the
infrared ray lanp of the fourth enbodi ment, the reflection film30la is
produced in accordance with the followi ng form ng process. (1) The gl ass
tube 301 is fornmed into a cylindrical shape. (Step 1) (2) The heating

el ement 302 and the |ike are disposed dfistde the glass tube 301, and the
glass tube 301 is hernmetically sealed. (Step 2) (3) Gold is evaporated on
the externd@X#BEBéeof anthethg a§§n9@bé’r8®ﬁe%ﬂegﬁﬁy ing-9nF A YhEecsmett fon film
301la. (Step 3) By formng the reflection film 30la as descri bed above, the
reflecti on MAXATIBLY 43R He fideelioBy thsiefPadidnerkt éEnBRIIVHRL kR @Re gl ass
tube 301. As a result, the reflection film30la having an accurate

seni - cyl i ndfR@hl 10sAASe GV BB EAOARY ©53TPYe I n the above-nentioned process
for formng the reflection film 301a, step 3 nag be carried out before step
2. 65 Furthernore, theeréPfEdEsch ¥3Y nt3ba L hallpefongtheg™hp div@ater or

the like, instead of evaporation. ) ) )
is thus suited to a case wherein an object disposed in the

positive direction of the x axis is locally heated for
example.

In the infrared ray lamp of the fourth embodiment,

(’ the reflection film 30la is produced in accordance with

the following forming process.

(1) The glass tube 301 is formed into a
cylindrical 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 film 301a.

{(Step 3)

Pl

By forming the reflection £ilm 301a as described‘
‘above, the reflection £ilm 301a can be formed Aby using 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 301a, step 3 may be carried out before step

2.



In this case, transfer is carried out as described below (1) A m xture 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 in the film Transfer
is carried out as described above, and a gold filmis forned on the surface
of the glass tube 301. Since the internal face of the reflection film 301la
in the fourth enbodi nent, used as a reflédction face, is made cl ose contact
wi th the external face,of t he gl ass _.tube ?8 t.he |€ grnal face does not
F’r&lt t

make contact with the ugithe ﬂgFﬁe Ot eht LG r Y sRBwn i n
t he above-nentiao FIG 2 t he flect ate 0, dIS osed with a
predeterningg 5@ oV aE eFr&ﬁt 05 .0 cﬁV?HP S n, the

reflection face of the refl ecti Iate 280 |s stai ned wi th adherents and
the Iike fABrEPRS BACEIST HEVRSErLS (47 S KPACOBE %ﬁoﬁ‘i?e&r bed ek o ved

in the fourth enbodi t. In.the fourth enbodi the reflection fi
301a s formed into tha bRaPE I ARE REa A Tt B B Hics & RS 301,
ﬁg?lt elcfl o(rjl1 ?*fell %r#]g]cei‘al Cahr’rﬁf’ﬁ’t%%%:ﬁgatﬁguﬁéltrgt?t%eglec?@lEPtﬁhgé'l%h atp}et;r?gr a
| onger tlngoﬁhan the reflection plate 280 used for the
(2) The £film bonded to the surface of the glass
tube 301 is baked thereby to vaporize the resin included
(' in the f£ilm.

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

Since the internal face of the reflection film
30l1la 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 epace provided from the
glass tube 201: for this reason, the reflection face of
the reflection plate 280 is stained with adherents and the
like from the outside; however, this kind of problem has
been solved in the fourth embodiment.

In‘the fourth embodiment, the reflection film
30la is formed into the shape of the external face of the
glass tube 301, that is, a semi-cylindrical shape, and ie

maintained in the shape. The reflection film can be
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conventional infrared ray |lanp. As described above, in the fourth

enbodi nent, the reflection film30la is maintained for a long tine, and
the reflectivity of its reflection face does not lower. The infrared ray

| anp of the fourth enbodinment therefore nmaintains its good characteristics
for a longer time in conparison with the structure wherein the reflection
plate 280 is installed in the conventional infrared ray lanp. In the fourth
ermbodi nent, the structure wherein the réfl-ection film30la is forned on the
external face  of the_dl %ss tube 301 is descrjbed as an exanpl e; however,
the present Madveraad; 8 n&uqﬁ?ﬁ“%aaﬁryﬂﬁﬂ“ IhcEhree 1ok 3t LORGER

wherein a reflection filmformed on the_  internal face of the glass tube may
be used. HowdVr than Fh@ %‘Ft;éﬁ{?hp&asttert?; rgsed &95 Y:%.‘Et be carri ed

Teil ection AATHET H-ORE ICARE AFERAL s Pt T on f11m s formed on the

the ai T, and its refl dtt | RePACESd BHRe &1 o nEheWEOR SR BRPS LARE e
ke, JFor Vs, JSPRgD bile dhy L io sope s ALe sstl sellan b Ts
of {he 10| o514 Rl LLFLRLS B4 3t ok Bl 3 L0PREL dbTE it outocouet 19
28,0 1s The infrared ray lamp of the fourth embodiment therefore
maintains its good characteristics for a longer time in
comparison with the structure wherein the reflection plate
280 is installed in the conventional infrared ray lamp.

In the fourth embodiment, the struéturelwherein
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 £ilm 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 f£ilm.

In the case when the reflection film is formed
on the internal face of the glass tube 301, the reflection
£ilm 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 f£ilm is

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

characteristics of the reflection film are maintained for



used for the conventional infrared ray |anp. However, since the reflection
filmformed on the internal face of the glass tube nmakes contact with the
hi gh-tenperature gas inside the glass tube, the thickness of the reflection
film may be reduced by evaporation, dispersion and the like, and its
reflectivity may lower. For this reason, in the case when the reflection
filmis formed on the internal face of the glass tube, the distance between
the reflection filmand the heating el enent is required to be set at a
sufficiently | arge value. Al though gold used as the material of the

refl ection &i Langera #smeewdithisartt asaaningamplye ¢dmanpes faidrh ht émbodinnent ,
netals other than gold, such as titaniumnitride, silver and al um num can
be used; necamparimdmyiiythefdares iwhey fhe nof tardd onapd ahifd 284 dg
stable at high tenperatures are applicable. The reflection film 301la having
a sem - cyluadd dQr sapecpavisdckimel iABfzarednmiy lamthe fHawever.

enbodi nent; however, the present invention is not limted to this shape;
vari ous shapéscgr &hgpplafcdearbipn £oa8 feramcidbwpoftheeineeraadi §acd odct i on

of infrared rays. Instead of the sem -cylindrical shape, the shape of a
part of a Ehecgbasg pabaivRkesromt @FFivpseh ithe hdsth skenpeaf aftarre @eshpl e
may be used as the shape of the reflection film - 68 Furthernore, it is

possi bl e tolnséde shapelasrnvdbes the Ebdisiknasow oths nedlesthiginght Un nes,

such as a part of
may be reduced by evaporation, dispersion and the like,

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 the reflection
film and the heating element is required to be set at a
sufficiently large value.

Although gold used as the material of the
réflection film 301la is described as an example in the
fourth embodiment, metals other than gold, such as
titanium nitride, si_lver and aluminum, can be used; metals
having high reflectivity for infrared rays and being
sfable at high temperafures are applicable.

The reflection film 301la having a semi-
c¢ylindrical shape is described as an example in the fourth
embodiment; however, the present invention is not limited
to this shape; wvarious shapes are applicable 1in
consideration of the reflectiondirection of infrared rays.
Instead of the semi-cylindrical shape, the shape of a part
of a circle, a parabola or an ellipse in cross section for

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



a polygon (the shape of the letter n for exanple (or the shape of a
bat ht ub)) or a shape fornmed of a conbination of straight and curved |ines
(the shape of the letter U for exanple) or a flat shape in cross section.
The shape of the reflection film 301la should only be a shape suited for
obtaining the desired directional distribution of the em ssion intensity of
infrared rays.. To formthe reflection film 301la having this kind of shape,
the portion of the glass tube wherein €Be-reflection film30la is forned _
by evaporation or the |Iike should on!%hge formed into a shape correspondi ng

to the desi FE& TR the 1FeMARTIBhS FPmUshHi @ E5AD5e HRYBPAeQTeddi 1y by
taken the nethaod of, fornmng.the reflectio i.| m301la described bhefore.
((Fifth e%&&%ﬂ%’il%x‘?}; Hlpted: Setrﬁ)%w%gnﬁlatﬁst'hes‘b?%s%ﬁta PRFéNtG%on wi l |
be described referring to the acconpanying draw ngs. However, the
materials, & E@%}’gﬁrﬂogﬁé’t‘% Fharpthodstantet heT| erg‘ar- eremedsodiareithe

descri bed bel ow are. only .exa Iestref rabl e_for an enbodi nent of the
present i nF&RA%IPT 'ﬁl%%ﬁ??ggﬁl % Fhg e t heTpe 3 rieRP-BAR T LN
therefore not |limted by these ex les. P (a) of FI 5 is.a plan view
showi ng an OFnﬁﬁﬁﬂﬁﬁhEya?anﬁuFﬁe _ Q%ﬁc€£aFtﬁ_ % tﬁﬁﬁn%8&qﬁﬁuuﬁ9 of
;rg_p;gssgt 5‘%&%2%@@{1@2&% BEh Pk Hap & it Uo sYé oYL LRgheOt ppln B E 1 on,

of the reflection £ilm 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 301a having this kind of shape, the portion
of fhe glass tube wherein the reflection film 30la is
formed by evaporation or the like should aonly 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 f£ilm 301la 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 preférable 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



showing the infrared ray |lanp of FIG 15. However, since 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 fifth enbodi nent, the
same 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 lanmp of the fifth enbodi%ent has a reflection film 301b
for infrared rays in addition to the structure of the third enbodi nent, '
just as in PhetheaRrofepfe IRt heRti 66 Bkt hPenbddicnehEonFoWd s , in
the infrared ray | anp of the fifth enbodinent, the reflection film301lb is
formed on thBe&aYr nallh ReddftioRe KfGsslfudé FIPRFSBEFEEIME GRLAVT f er ent
fromthat in the above-nentioned fourth enbodi ment. Although the reflection
film 30la ofhPHdT¥D s IEFRF FEnt2Y s1AFBpREt Csol as tHOBEVEFpo§ddd t he

w der side portion 2a of the  heating elenent 302 (FIGS. 12 and 13) , the
reflection FPPmCQKﬁEF%fPPH§#9Wt%fegﬁém%ﬁﬁﬁa¥%ddF§&x%ﬁF%00%5 P& be
opposed to the narrower side portiaon 2b of the heating el ement 302. The
material, tHPAERSOOAFTeR: POLhySideapOTHRNF FRPNY #Bt ABE SLotFes .
reflection film301lb of the fifth 70 enbodinent are_simlar to those of the
reflection fREMCE3FFabP el PBUPENERALBFFEREE TaYy lamp is not shown

in either of the figures.
Furthermore, in the £ifth 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 fiffh embodiment
has a reflection film 301b for infrared rays in addition
to the structure of fhe 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 £ilm 301b is formed on the external face of the

glass tube 301 at a position different from that in the

e

- above-mentioned fourth embodiment. Although the
reflection £ilm 301a 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 £ifth 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



Part (a) of FIG 17 is a graph show ng the distribution curve 307e of the
intensity of the infrared rays emtted fromthe heating el enent 302 of the
fifth enbodinent. Part (b) of FIG 17 shows the cross section of the
central portion of the infrared ray lanp of the fifth enbodi nent having the
heati ng el enent 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 el enefit 7802 shown in FIG 16. The x axis

corres pondseltngotd %ettng gﬁgeggmmgitl%%c% gg ol hﬁgh@e??ifﬁ%% Ilgor%gjt%’%rg%%land t he

y axi s corrésponds dirrection reo %nd (b)
of FIG 17, -t ord gi r Q?é to the center axis of the heating

el enent SOZ?fI E%tehééog'{aﬁtq(é 58?%1@? 17, the values in the radial ‘

di rections designate em ssi i nsity._of the jinfrar ray, and the
values in the ci rcunf%rggrr?t inzlaéf)s ‘g?rggpﬁo?j deti éngtrgaﬂarhg @gg\%ntgﬁ t?%%pect to

the center a8kics afdhe, RlanscpspRgndioular 1ba hewayi ol dhrection ol the

heati ng el enent e angl es are designate esf

positive di {:g%t'ss' %@nioétc%%effoﬁ“t o Tﬁg?tgﬁgcee#r%&xagr%%t itq?qutlflgrfgi.l}%:rés of

em ssion in ity in e part (a) 0O ndicat’é e Sane vall

the  oradat bagsdipdiie Padrta)n9fofl Brolls 7 gaddl tion o2 canstany power of

600 Wis applie o the Infr ray | anmp.” Si'nce e neasur erne met hod

is the Sa”eoﬁstﬂg%erpéréf%otlhé{Qn%@gﬂienfﬂtfrairte% ray lamp of the £fifth

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 fhe axial
direction of the heating element 302 shown in FIG. 16. The
X axis correéponds 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. In 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

o

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



explanation is omtted. In the infrared ray |lanp of the fifth enbodi nent,
the positive direction of the y axis (the direction of the arrow of the y
axis in FIGS. 16 and 17) is the direction of the internal face of the
reflection film301lb. As shown in the intensity distribution curve 307e of
the infrared ray' emssion in the part (a) of FIG 17, the em ssion
intensity of the infrared rays fromthe__heating elenent 302 in the vicinity
of the y axis in the positive directicodlthereof is lower than that in the

oo ¢ the x-axis di Con. on the . . i de i H .

i recti on ther BF, Lomebed Fa¥r derih ol SANE TRE PERSREIRFi AATS5Hh as a
tt f .. \Wen the int ' di i;bu i g 71 of th

ggnvgat?onggg{ﬁsFaﬁggm?aﬁglgﬁ%ﬁgﬁ%%%t?%s%hgrb F%Q?§§E§gn%fh€9§%ovg-nentioned

FIG 26 is conpared with.{hat .of the fifth enbodinent, the angle range in
the di recti%ﬁ%gl"%lhontﬁ% gﬁlgcsﬁeo% intensity is highin the fifth

Cnirared ray | amp of CHoLRPOhE EBRBAT P CRuLred LT B SBERRTRe R the
Che. i nf ar eBRPagor b i RS L ERD |4 i doRas (RuRuBFEdahdan At
when tg.e elné;L:g:?wflo L tfh%cﬁr qxigei%q‘?&g.?%ﬁ %?Lﬁ%ﬂe%sedchém&fpeg%ion
perpendi cul ar ' to the y axis, 15 eated uniformy.
of the internal face of the reflection f£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 film 301lb 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

( ? fifthembodiment,theanglerangejjlthedirectionwherein
the emission intensity'is high in the £fifth embodiment is
wider than that in the conventional example.

As a result, the infrared ray lamp of the £ifth
embodiment is suited, for example, in the case when the
center of an object to be heated is placed on the vy axis

of the infrared ray lamp in the positive direction thereof

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



((Si xth enmbodi nent)) Next, a heating apparatus using the infrared ray |anp
in accordance with the present invention will be described as a sixth
enbodi ment. The infrared ray | anp described in the above-nentioned third
enbodi nent is used as the infrared ray lanp for the heating apparatus of

t he sixth enbodi ment, and the reflection plate 280 shown in FIG 25 is
provided for this |nfrared ray |lanp. Al of the above-nentioned infrared
ray | anps in accordance mnth t he above-7fent i oned flrst to fifth

enbodi nment s _ar ruct u ed ave s ntjally_si external shape as
that of thetgoﬁ\?e%ﬁao%% écr ed-¥ égrﬁ% dl% &thitS ?%’é%o% Fh 51 Hetting
appar at us havi.n tlonal infrared ray lanp, it is easy for
ordinary e 89&%@ kf??& i'n the related art to replace the (- infrared

ray lanmp wt of the . infrared ray lanps in accordance with the first to
fifth enbodi th emhafnge ﬁggaratuses each having the conventi ona

infrared ray |anmp thaéle'xst r%p%g g'g‘\ia tpeaﬁ%t@?eé‘ﬁme d rafrrgapgdoga]tfg(ra

pr esent |nvent|on as descri Pe uses

examl e, (1) aHBaL0% 3003Ca A0S, SHOD S ggd;%@a%rm%e& Sy14d Japanese

traditional ti'ng devrc i oner in rare t reat ment

apparat us a@%é%rfﬁg&rggnhh%@§¥h embodiment.

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 te fifth embodiments.

Heating apparatuses each having the
conventional infrared ray lamp that is replaceable with
theinfraredraylamp:ﬁfthepresentinventhmiasdescribed
above are the following apparatuses, for example.

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

kotatsu (a Japanese traditional heating device), an air
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(2) Drying apparatuses, such as a clothing drier, a bedding drier, a food
treat ment apparatus, a garbage treatnment apparatus, a heating-type
deodori zi ng apparatus and a bathroomdrier (3) Heating-type sterilizing
appar atuses (4) Cooki ng apparatuses, such as an oven, an oven range, an
oven toaster, a toaster, a roaster, a warmng apparatus, a yakitori cooker
(skewered chi cken cooker), a cooking stove, a defroster and a brewer (5)

Hai r dr essi ng apparatuses, such as a dri@sd -and a permanent wave heater . (6)
Apparatuses for fixing letters, imges, etc. on sheets (a) Apparatuses for
carryi ng outodiddimney. api Agfimared tuehtaerdh aBPathiyesr debmprinter), a
PPC (plain paper copier) and a facsimle (b) Apparatuses for thernal
transfer ofbaghrosom dieatefril mto an object by heating (7) Sol dering heaters
(8) Driers for sem conductor wafers, etc. (9) Apparatuses for heating pure
wat er when cl eani ng W&flePEyiagcaprparadmiserhd ety agragdettinmg grdessses,
and (10) Industrial coating driers 74 |In other words, an apparatus for
heati ng obj acbsddinqsirgedn infier@dtraptngmy aabPRaRaiussodr czaxhadee an

treatment apparatus, a heating-type deodorizing
apparatus and a bathroom drier
(3) Heating-type sterilizing apparatuses
(4)Cookingapparatuses,such@nsanoven,anoven
(" range, an oven toastef, a toaster, a roaster, a warming
| apparatus, a yvakitori cooker (skewered chicken cooker),
a cooking stove, a defroster and a brewer
(5) ﬁairdressing apparatuses, such as a drier
and a permanent wave heater
(6)Apparatusesforfixingletters,iméges,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 6f.an
original film to an object by heafing

{7) Soldering heaters

{(8) Driersrfor semiconductor wafers, etc.

(9) Apparatuses for heating pure water when
cleaning wafers, etc. in semiconductor production
processes, and

(10) Industrial coating driers



apparatus whose infrared ray | anp can be replaced with as described above.
FIG 18 is a perspective view show ng the positional relationship between
the infrared ray lanp and the infrared ray reflection plate 308a of the
heating apparatus of the sixth enbodinent. In FIG 18, the central portion
of the infrared ray lanp is not shown. Furthernore, since the infrared ray
| anp used herein is the infrared ray |lanp described in the above-nentioned
third enbodinment, its explanation is-oi4ted. The reflection plate 308a of
the sixth enbodinent is forned of alum num has a semi-cylindrical shape
neasuring about 0.4 tdP0°5hem VATAS cRRe3BPAZAT Utad o Tah RiatAdya pitvi amkes
reflection face on its internal face. . The infrared ray reflectivity of the
reflection PYat&issear idGhetedssayo 1B ahe (R RECEPHRCS &ah FBaARs

di sposed in parallel with the center Iine of the heati n% el enent 302, with
a predet er nRREGTIAER Ve dREFREAY REYe XM &R PcEeBladR g hER 26be

301. The reflection plate 308a is installed by using the center line of the
heating el efBSECT aPPV&-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 td&k%e 4B def & RETPBEELT02LL ST SPRY NI TRG el enent

302. 75 The reflection ate 308 fornmed of alum numis_ explained as an

exanpl e in Pﬁé%ﬁ%&W@%HH%%?H%HP?Wﬁ?MQﬁﬁWeen the infrared ray lamp and
the infrared ray reflection plate 308a of the heating
apparatusofthesixthembodiment. InFIG.lB,thécentral

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

since the infrafed ray lamp used hérein 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 byrusing 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 reflaection plate
308a, is disposed so as to be opposed to the wider side

portiocon 302a of the heating element 302.
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i nstead of alum num nmaterials having high infrared ray reflectivity and
being stable at high tenperatures, such as gold, titaniumnitride, silver
and stainless steel, are applicable. The reflection plate 308a having a
‘sem - cylindrical shape is explained in the sixth enbodi nent; however, its
cross section can also take other shapes, for exanple, a shape having a
part of a circle, a parabola or an ellipse; or a shape forned of a

conmbi nation of plural straight [ines; 38ich as a part of a polygon (the
shape of the Japanese letter " J " for exanple), a shape forned of a
conbi nati on of them (The safpecifiamhe =i iXMBa damred 9t dlormbdranplie) or a
fl at shape; the shape should only be a shape suited for obtaining the
desired di rexpianaked aesani oxanpAeoint kheepdi sEhopmbaddmsint: dfowevesred
rays. By installing the reflection plate 308a as described above, the
directionalimgsepdoetfi g+uminge, BALSIIiALS manbngyhdght Rafinirededayays has
substantially simlar shape as that of the intensity distribution curve
307d in theredhech isngatiarhtbb shogus tabLlreapari ghajenp e urdsvesueht i oned
FIG 14. Wth the above-nentioned structure, it is possible to obtain
infrared rays 3hd ngliwind pam i ¥ eeei ondlvarstnd ita bnlesstmeeed.sairen
intensity as that of the infrared ray lanp of the fourth - 76 enbodi nent.
As a resul taPPhéca®did ng apparatus of the sixth enbodiment is suited for a

use wherein an object .
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 pelygon (the shape of
the Japanese letter "I " 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

7T
[ H

described above, the directional distribution of the
emission intensity of the infrared rays has substantially
similar shape as that of the intensity distribution curve
3074 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 emissiocn

intensity as that of the infrared ray lamp of the fourth



di sposed at a position opposed to the reflection face of 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 shown in FIG 11. For this reason, in the heating apparatus of
the sixth enbodi ment, the emssion intensity of the infrared rays by the
reflection plate 308a becones higher than that of the conventional exanple.
In addition, in the case when the refléd&ivity of the reflection plate
308a is reduced consi deraply because of  changes with tine, the adherence of
stains, etceMPPREMERFactABn2t K& H Tect FBRalE® ST bAPPBA ST HRE ehP&si on
intensity in the sixth_enbodinent is_|less than that {n the case when the
conventionaFlFﬁ%r ?é?epim&ﬁﬂﬁN%tFﬁ HOE 2 24SEsWhEEE HbraRxQREEET

Sevent h enbodi nen Next, a heating a ratus using. the infrared ra
ffamp in acc?:i’-ﬂ&ﬁ@ee‘{[zvi) %‘h 3 ROHT L.t OPRASRY 6P vile TR LAEEAPPERCE o

sevent h enbodi nent.. The infrared r | a of the heatjng apparatus _ of the
sevent h eanBPnEﬁF%%?E&?ﬁc?ﬁ?E& gﬁéﬁ'P%EPQﬁﬁ?dr¥ﬁq%%%%oﬁoglﬁﬁémﬁﬁﬁr

described in the above-nentioned sjxth enhodinent is dispg;fd 90 .degr ees
rotated around the cemt%erite*oF theePattar 84 Fbﬁ fahpared IaGlafP s a

perspect i ve v e SNt 09 LB RORLEECRS "ALALLEPSILY BiVRSD KDg.dynfrared
direction as shown in FIG. 1l1. 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
changés 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, a heating apparatus using the infrared ray
lamp in accordance with the present invention will be
described as a seventh embodiment.

The infrared ray lamp of the heating apparatus
of the seventh embodiment is structured such that the
reflection plate 308a described iﬁ the above-mentioned

sixth embodiment is disposed 90 degrees rotated around the

center line of the infrared ray lamp.
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the infrared ray reflection plate 308b of the heating apparatus of the
sevent h enbodi nent. However, in FIG 19, the central portion of the
infrared ray lanp is not shown. Furthernore, since the infrared ray |anp
used hereinis the infrared ray |anp described in the third enbodi nent,
its explanation is omtted. As shown in FIG 19, the reflection face, that
is, the internal face of the reflection plate 308b, is disposed so as to be
opposed to the narrower side portion -30Zb-of the heating el ement 302. By
di sposing the reflection plate 308b as described above, the directional
distribution of the d&M%sibf LAt EnAIFSRECEAVLaVERYT agBovangudhantial ly
equal to that of the_ fifth enbodi nent shown in the part (a) of the

above- ment i eréd H@aizelatdopsh i Ped vedhithe infinaed ot 1Ame @ishti on
of the em ssion intensity as that of the fifth enbodi nent can be obtained
by using théhe fmEFagedayavanblechéothindf i@ hrent the heatisg
apparatus of the seventh enbodinment is thus suited for a use wherein the
entire flat PR dtuaPHpecFegeaddiempodidiast el Rpvavere hedtihg 18 enent
302 and opposed to the reflection plate 308b is heated substantially
uniformy ft&e eRaFA%! MRt hel pf £he A@finated ¥ AANRidS sPt sEoWiird 78
enbodi nent shown in FIG 10 has directivity in enm.ssion intensity as shown
in FIG 11 gwqqggg$9rporsgmqfrgggohgfrared ray lamp used herein is

the infrared ray lamp 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, is
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 egual
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

(M of the fifth embodiment can be obtained by using the
infrareﬁ ray lamp of the third embodiment. The heating
apparatus of the seventh embodiment is fhus 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



in the heating apparatus of the seventh enbodinent, in the case when the
reflectivity of the reflection plate 308b is reduced considerably because
of changes with tine, the adherence of stains, etc., the effect on the
directional distribution of the emission intensity is less than that in
t he case when the conventional infrared ray lanp shown in FIG 22 is used
for exanple. In the infrared ray lanp of the present invention, the
intensity of the infrared rays emtted figomthe heating elenent has
directivity described below. In other words, the em ssion intensity of the
i nfrared r agmbbddorest asshouri AbmAVA uel @ hashediheckniesist i irceinds sdfort he
heating elenent, and the intensity in the width direction of the heating
el enent hasiatemslitwalsushoer iinsFdGbslanbyaltgelfiegl Fgirbkbiisnreasar.i son
wi th the maxi num val ue. The conventional reflection plate is not required
to be used inothedvhabingeapharaitmsanfi hheasedeniy eapp diavdmy, suchhe
directivity is suited, whereby the |lanp can be structured sinply. The

i nfrared ragabgnpheavitie theflectuctiie ebethenvefdasiel erdptaiten 308k he
reflectivity of the reflection plate, thereby preventing reduction in

ef fici ency. 1pnraddiceidomonsidemakiyebananseheti ahpaged wayth tdme ofthehe
present invention has a reflection film the intensity distribution curve
of the eni safbsrsmeneoTEtahnpar edcr-ay Shenetifed § rom tihe dernersd osladment

can be adjusted to have a predetermnined shape. As a result, the
distribution of the emission intensity is less than that

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

Intheinfraredraylampofthe;ﬁesentinvention,
the intensity of the infrared rays emitted from the heating
element has directivity described below. In cther 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 wvalue that is substantially
negligible in comparison with the maximum wvalue. The
conventional reflection plate is not reguired 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



intensity of the infrared rays emtted in unnecessary directions can be
restricted, whereby the infrared ray |lanp of the present invention exhibits
good em ssion efficiency. Furthernore, unlike the reflection plate, the
reflection face of the reflection filmis not stained by external adherents
and the |ike. Mreover, changes Cwith tine in the shape of the reflection
filmand the like are less significant than those of the reflection plate.
As a result, the high reflectivity of -the reflection film is maintained for
a longer period than that of the reflection plate. The infrared ray |anp of
t he presentinEmagsd orayseenfidrite draf nomi hdel thegoboulgckdrrandeti sancde for a
long tinme. In the infrared ray |lanp of the present invention, by providing
t he refl ect adgubitien dto hapyesiat popdédsirmbhed $bapehe Rsat ngselldnerithe t he
intensity of the infrared rays reflected by and emtted fromthe reflection
filmcan beiniteosdasedof nthesgadifaredi reysi emitnddt he namyecebssey hi gh
em ssion intensity can be narrowed. As a result, the infrared ray |anp of

t he present dimesritiicns haghnget hiess ki hdtedf, mifdmelryobhiei 1im Hresoads ravlevi ce
suited for a use wherein the area in the direction opposed to the

refl ection 1empmdfs teatpdeseddl [Anventieramtebitit g@ofdbremigsAgnand t he
like in a copier. 80 Furthernore, in the infrared ray |lanp of the present

i nvention, BYfjgcovEntvg thertberaciieon Whlikat the reflection plate,

the 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 film and the like

I3 \‘,

are less significant than those c¢f the reflection plate.
As a result, the high reflectivity of the reflection film
is maintained for a longer period than that of the
reflection plqte. The infrared ray lamp of the present
invention therefore maintains its good characteristics
for a long time.
Intheinfraredraylampofthepresentinventionh
by providing the reflection film at é 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
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 £ixing and

the like in & copier.



anot her position desirable for the heating elenent, the intensity of the
infrared rays reflected by and emtted fromthe reflection filmcan be nade
substantially the same, whereby the range of the emi ssion intensity can be
wi dened. As a result, the infrared ray |lanp of the present invention

having this kind of reflection filmbecones a device suited for a use
wherein the entire flat face of an object placed in parallel wth the
heating el ement "and opposed to the refl8dction filmis.heated uniformy, for
exanple, suited for a toaster. In the method of producing the infrared ray

lanp in accordance\MtﬂF?WﬁF%?EEenﬂJ}ﬂ?@ﬁt%ﬁﬁr ref¥ ed@h oF% i Fhfi s

of the sem BEFHATE .iﬂ?gﬁéﬁfogé? oh pepin diig h&ﬁeaﬁ%ﬁé%ﬁ%ﬁ#%@% Iﬁor”&“ .
vent | on’ haBodtigk ROEHEEEN.dRe TR abre haE o bRse et AT ¢ hFRaRd ¢ forS;”t
:;Eégagit Eﬁriiﬁ % %JEE)TJLQ (EhEL An BT F Y 8o P A ACHA of Y RedppBd ;

wWith the mFFé’r“bB Fort rg L ABDY R Lt A g e AuPRER hg@?@i%%l}a%?%%@f y of

f d h t - 81 h d._ch t t b
obt o ned, | aHESERPY AR T AD CRppor e, E o He IURY oF tHodth v Bfeador
roons.

As aresult, the infrared ray lamp of the present invention
having this kind of reflection film becomes a devic_e 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, for example, suited
for a toaster.

In the method of producing the infrared ray lamp
in accordance with thé present invention, the reflection
film is formed by using the shape of the glass tube. This
facilitates the formation of the semi-cylindrical
refléction film.

In the heating apparatus in accordance with the

a

present invention, the infrared ray lamp of the present
invenfion 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 theA

emission intensity of infrared rays, & heating apparatus



In the heating apparatus of the present 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 shape. Wth this structure of the
infrared ray | anp of the heating apparatus of the present invention, the
intensity of the infrared rays emtted in unnecessary directions can be

restricted. In addition, even if the-réfllectivity of the reflection plate
| owers, the directivity of the infrared ray lanp is not so affected as in
the case of RENd N i BRaraciRFak 2t 4SS Siac e hebtafmgrdd 2a¢ t&® has

directivity. For this reason, the heating efficiency of the heating

appar at us | ReaddNHARPE LA TUF CRE Brasedt TG 8o 9 $D IRGEF U TO®Mhat  of

t he conventional apparatus. In the heating apparatus in accordance with the
present invention, by Ifr di%i RGEERSI SRREEREHST ifm RS aPTESSNY on desirabl e
for the heating elenent, the intensit of the infrared rays reflected by
and enittedifVeRIRN . oF P@&WW%PBn{BQrﬁ%H‘ RYHddxdel £ A lar gpeéeiction
direction, and the range of the high enm ssion intensity can be narrowed.
As a resul t plEe deghiafrf afp&igt G685 T hkon g bkBnt L RAVRAFPEHF USRIV ICVE ¥ s
kind of reflection film becones a device suited for a use wherein the area
in the 82 @&fr &BEi dRtEMFISEN Afo Wife &bk g 2PN oAl f F e FREREdesH TaYot 13 .

be adjusted to have a predetermined shape. With this
structure of the infrared ray lamp of the heating apparatus
(” of the present invention, the intensity of the infrared
rays emitted in unnecessary directions can be restricted.
In 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 reflecticon £film at a
position desirable for the heating element, the intensity
of the infrared rays reflected by and em;tted from the
reflection film can be increased in a specific direction,
and the range of the high emission intensity c¢an 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



Furthernore, in the heating apparatus of the present invention, by
providing the reflection filmat -another position desirable for the heating
elenent, the intensity of the infrared rays reflected by and emtted from
the reflection filmcan be nmade substantially the sane, whereby the range
of the em ssion intensity can be wdened. C As a result, the heating
apparatus of the present invention having this kind of reflection film
becones a device suited for a use wherdih the entire flat face of an object
placed in parallel with the heating el enent and opposed to the reflection
filmis hea@é&%ﬁﬁ*%ﬁnP?P°ﬂ§quﬁ©htgﬁeﬁ&@%ﬁﬁﬁ1?ﬂv§ﬁﬁﬂnﬂ%a§38§&¢ descri bed
internms of .the presently preferred enbodinents, it is to be understood
that such di*€&3%sk¥e is not to be interpreted as liniting, but various
alterations and nodifications will no doubt becone apparent to those L
skilled in the art toBHN EReFRELSeskeht tRAVERGEGR DR PRAAE U fEr tRGVi ng
read the above discl osure; accordingly, it is intended that the _appended
clai ns be i REGTEE et YEN R ey i BY RFPVAIY it %t FBAs T&fd st PRcidildhtas fal
within the true spirit. and scope, of ihe i nvention. | NDUSTRI AL APPLI CABI LI TY
The present a30ARH CRQS}EFgﬂlﬂgg%F%b 8af PRg TR et tRIf BLeRERS ng- ] ect s

roons, etc., can provid a ating apparatus that _emts infrared rays

highly eff ilate%ﬂfrpjytfén‘aghggea Hrbl}ﬁbalf‘?‘gerggsu§ieﬁgl%t?ﬂf‘?§r 8fd gpitted
from the reflection film can be made substantially the same,
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 film is heated uniformly.

Although the present invention has been
descfibedjjltermscﬁfthepresentlypreferredembodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting, but wvarious alterations and
modifications will no doubt become apparent to those
skilled in the art to which the present invention pertaiﬁs,
after having read the above disclosure; accordingly., it
is intenaed that the appended claims be interpreted as
covering all altérations 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
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| anp wi dely used as a heat source, and can also provide a versatile
apparatus wherein the directivity of infrared ray em ssion can be sel ected
depending on an object to be heated. 84 Wat is clained is: 1. An infrared
ray lanp conprising: a heating elenment which is forned of a carbon- based
substance including at |east crystallized carbon, a resistance val ue

adj ust nent substance and anor phous carbon and which has a substantially

pl ate shape, the width of which is larggr -than its thickness by five tines
or nore, a glass tube in which said heating elenent is hernetically sealed,
and an el ectr hee teirie dipplazt thid htleat podttisonsn Hfared daysskighlsy;
electrically connected to both ends .of said heating elenent respectively
and al so el e€tfricciadityly camdelchedat hoay édtfer et wed eogyran dnfecairted Z-a®n
infrared ray lanp in accordance wth claim1l, further conprising: a
connecti on dewpceviieIlch usedeeasr ed Hemteandtueod, pord ican oélsal griveatdag

el ement, thereby electrically connected to said heating elenment, and | ead
W res secur adveossadiid ecappeatd toms dévecesn tne dhrdceliecitpdds iad msrded pul |
both ends of said heating elenent at a predeterm ned tension and used to

el ectrical | yayemissti saichrcdmentlontdéviepsnidd rsniah edrecirjpsles. to be

heated.



85 3. Aninfrared ray lanp in accordance with claim1l, wherein a reflection
filmfor reflecting infrared rays is provided on the internal or external
face of said glass tube so that the em ssion intensity of said infrared
rays emtted fromsaid heating elenent has a predeterm ned distribution. 4.
An infrared ray lanmp in accordance wth claim3, wherein said reflection
filmhaving a sem - cylindrical shape faei ng substantially coaxial with the
center line of said heating elenment in the |ongitudinal direction thereof
is provided along substantially simlar Ilength as that of the infrared ray
emtting portion of said heating elenent. 5. An infrared ray lanp in
accordance wth claim3, wherein the cross section of said reflection film
has a shape formed of a part of a parabola having its focus substantially
on the celbef isi géayredsdisd heating elenent in the |ongitudinal direction
thereof, along substantially simlar Iength as that of the infrared ray
enitting portion of said heating elenent. 6. An infrared ray lanp in
accordance 86 wth claim3, wherein the cross section of said reflection
filmhas a shape fotmed of a BarPispreth ray| {3 RERFIFiBHe of its focuses
substantially on the center I|ne of said _heating element in the

| ongi t udi nal d|rect?(nPQ?ﬁéPgofe ement which 1is crmed of a carbon-

based substance including at least crystallized carbon, a
resistance value adjustment substance and amorphous carbon
and which has a substantially plate shape, the width of
which is larger than its thickness by five times or more,

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

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.

2. An infrared ray lamp in accordance
with ¢laim 1, further comprising:

a connection device which is secured to each end
portion of said heating element, thereby electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
element at a predetermined tension and used to electrically

connect said connection devices to said electrodes.



al ong substantially simlar length as that of the infrared ray emtting
portion of said heating elenment. 7. A heating apparatus provided with an
infrared ray | anp conprising: a heating elenment which is forned of a carbon-
based substance including at |east crystallized carbon, a resistance val ue
adj ust nrent substance and anorphous carbon, and which has a substantially

pl ate shape, the width of which is lafger than its thickness by five tines
or nore, a glass tube in which said heating elenent is hernetically sealed,
an el ectrode enbedded at both end portions of said glass tube, electrically
connected to both ends of said heating el enent respectively and al so
electrically connected to an external electric circuit. 8. A heating

apparatus in accordagnce with ClaHﬁkZare erein q]d |nf{ared re??anc

further conprises: connectlon devices i ch®are €88ured to® end
portions ofs.fal dieALI 10 lenmnl, resPeELiyel b ANG G  ghect Lhealdy gonnect ed
to said heatlng e enen ead wires secured to Sai d_conhection devices

and sai d olGLEgMes,50 3 a tngdedb%b £AdS sabesaldl Beating gl ormny at o

predet erm ned tensio used to el ectrical connect sai d connection

devi ces tQesajg £l S%é@d%%be sdA‘ brat i @Hea%%'éé‘i% Rcagepndapee gikh  claim

7 or 8, further conprising a reflection plate for
infrared rays emitted from said heating element has a

predetermined distribution.

4. An infrared ray lamp in accordance
with c¢laim 3, wherein said reflection film having a semi-
cylindrical shape being substantially coaxial with the
center 1line of said heating element in the longitudinal
direction thereof 1is provided along substantially similar
length as that of the infrared ray emitting portion of said

heating element.

5. An  infrared ray lamp in  accordance
with c¢laim 3, wherein the cross section of said reflection
film has a shape formed o©of a part of a parabela having its
focus gubstantially on the center 1line of said heating
element in the longitudinal direction thereof, along
substantially similar length as that of the infrared ray

emitting portion of said heating element.

6. An infrared ray lamp in accordance



reflecting infrared rays so that the intensity of said infrared rays
emtted fromsaid heating el enent has a predeterm ned directional
distribution. 10. A heating apparatus in accordance with claim9, wherein
said reflection plate has a sem - cylindrical shape being substantially

coaxial with the center axis of said infrared ray lanp. 11.

A heating

apparatus in accordance with claim9,s8amherein the cross section of said
reflection plate has a shape forned of a part of a parabola having its
focus substantially on the center axis of said infrared ray lanp. 12. A
heati ng apparatus in accordance with claim9, wherein the cross section of
said reflection plate has a shape forned of a part of an ellipse having one

of 88 its.focuses substaptially on the center axis _of said
| anp. 13. “’At}r‘retqiﬁ‘dmon"pr 88

infrared ray

BET iy &R i FFPEP eFOFAYCT | &fp, STShpFPEISTTICR step of

formng a _glass _tube formng glass. into a_.substantially cylindrical
shape, a sfggB *hér nEtal #n?/r“%éialcfafrs]gaapﬁétét Phg & ¢ 5€h "'ﬁagaone
substanti %Ifl yiQIS at shage, o he,C Wi dtﬁ of whi %B%i 2 I argei.t han its t.Qi ckness

. . ocuse ypstant.l o) e
by five tidtes*or nore. Tnstde 8ard of as¥ tiBe Tt

said heatigng. ¢l emeal, L. theo! ongictudjpal; dhreet i og, Lhsr of
substanti al'ly axial wth e center axi's of said Qrass
along substantially similar length as that of the

ray emitting portion of said heating element.

7. A heating apparatus provided
infrared ray lamp comprising:

a heating element which is formed of

A8 c

a

enht e ne of
Iéhereof,

infrared

with an

carbon-

based substance including at least crystallized carbon, a

resistance wvalue adjustment substance and amorphous

and which has a substantially plate shape, the

which is larger than its thickness by five times or more,

carbon,

width of

a glass tube in which said heating element is

hermetically sealed,

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 electri¢ circuit.

8. A heating apparatus 1in accordance with

claim 7, wherein said infrared ray lamp further comprises:

connection devices which are secured to

portions of said heating element respectively and

both end



tube, and a step of formng a reflection filmfor reflecting infrared rays
into a substantially sem - cylindrical shape on the external face of the
cylindrical shape of said glass tube so as to substantially include the
range of the disposition of said heating element in the axial direction
thereof. 14. A nethod of producing an infrared ray |anp, conprising: a step
of formng a glass tube by formng gla8s into a substantially cylindrical
shape, 89 a step of formng a reflection filmfor reflecting infrared rays
into a predeterm ned substantially sem-cylindrical shape on the external
face or the internal face of the cylindrical shape of said glass tube, and
a step of disposing a heating elenent having a substantially plate shape,
the wi dth gof ich.is_lLarger hanp._.i thi ckness by five tinmes or nore, so
a to be ettt PRt o ik Rah b T8RP R éfection 111 m s
disposed, and of henghi cglly, sealingasaldh Nealing BGEENl o, | Nalfle.aal d
glass tube. 15. An infrared ray lanp conprising: a heating el enent having a
subst anti gl lyy fliat E‘e1e%@§8§%F Lg:&n‘éﬂsd%ngdn Ryl r%gl'd%rgf‘fr L 45t il ckness

by five tines or nore, an g for of a carbon-based substance

I ncludi ng AlmbfgSheCrySiakhl@8thiGREPALA 2o eShil ANGR to electrically

connect said connection devices to said electrodes.

9. A heating apparatus 1in accordance with
claim 7 or 8, further comprising 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.

10. A heating apparatus in accordance with
claim 9, wherein gaid reflection plate has a semi-
cylindrical shape being substantially coaxial with

the center axis of said infrared ray lamp.

11. A heating apparatus in accordance with
claim 9, wherein the cross section of said reflection plate
has a shape formed of a part of a parabola having its focus

substantially on the center axis of said infrared ray lamp.

12. A heating apparatus in accordance with
c¢laim 9, wherein the cross section of said reflection plate

has a shape formed of a part of an ellipse having one of



val ue adj ustment substance and anor phous carbon, a heat em tting bl ock
havi ng a good conductivity which is bonded to each end portion of said

heating el enent, an internal |ead wi re having a cl ose-contact

portion wound

around said heat-emtting block, a glass tube in which said heating el enent,

said heat emtting block, and said close-contact portion is
seal ed, and an el ectrode enbedded at bgt h end portions of 90

hernetical ly
sai d gl ass

tube, electrically connected to said inner lead wre respectively and al so
electrically connected to an external electric circuit. 16. A heating
apparatus provided with an infrared ray |lanp conprising: a heating el enent
havi ng a substantially plate shape, the wdth of which is larger than its
t hi ckness by five tinmes or nore,_and being formed of a carbon-base

?edtgﬁ

subst ance iticl J@CH§ERt FERSFRRALR) | P

rb&TREET r 88t 8t afte VAfbe

adjustnenté&ubst nce ?nd anor phous carbon, a heat emtting bl ock having a

FoTEy “Ah

good cond

2% is bonded to each end portion of said heating

el enent, an internal |ead wire having a close-contact portion wound around
said heat-emtting block, a glass tube in which said heating elenent, said

heat em tting bl ock, ;and saidAclﬁgﬁ&gpnggctp&§i§iﬁgliék Q%Eggééfaﬁ£¥ seal ed,

and

lamp, comprising:

a step of forming a glass tube by forming glass

into a substantially cylindrical shape,

a step of hermetically sealing a heating

having a substantially plate shape, the width of

larger than its thickness by five times or more,

element

which 1is

inside

said glass tube so that the center 1line of said heating

element in the longitudinal direction thereof is

substantially coaxial with the center axis of

said glass

tube, and

a step of forming a reflection film for
reflecting infrared rays into a substantially semi-
cylindrical shape on the external face of the c¢ylindrical

shape cof said glass tube so as to substantially include the

range of the disposition of said heating element in the
axial direction thereof.
14. 2 method of preducing an infrared ray

lamp, comprising:

a step of forming a glass tube by forming glass

intc a substantially c¢ylindrical shape,



an el ectrode enbedded at both end portions of said glass tube, electrically
connected to said inner lead wre respectively and also electrically
connected to an external electric circuit.

89

a step of forming a reflection film for
reflecting infrared rays into a predetermined substantially
gsemi-cylindrical shape on the external face or the internal
face of the cylindrical shape of said glass tube, and

a step of disposing a heating element having a
substantially plate shape, the width of which is larger
than its thickness by five times or more, 80 as to be
included in the axial range wherein said reflection film 1is
dispesed, and of hermetically sealing said heating element

inside said glass tube.

15. 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, and being formed of a carbon-based
substance including at least crystallized carbon, a resistance
value adjustment substance and amorphous carbon,

a heat emitting block having a good conductivity
which is bonded to each end portion of szaid heating element,

an internal lead wire having a ¢lose-contact
portion wound around said heat-emitting block,

a glass tube in which said heating element, said
heat emitting block, and said <close-contact portion is
hermetically sealed, and

an electrode embedded at both end portions of



90

said glass tube, electrically connected to said inner lead
wire respectively and also electrically connected to an

external electric circuilt.

16. A heating apparatus provided with an
infrared ray lamp comprising:

a heating element having a substantially plate
shape, the width of which is larger than 1its thickness by
five times or more, and being formed of a carbon-based
substance including at least crystallized carborn, a
resistance value adjustment substance and amorphous carbon,

a heat emitting block having a good conductivity
which is bonded to each end portion of said heating element,

an internal lead wire  having a close-contact
portion wound around said heat-emitting block,

a glasg tube in which said heating element, said
heat emitting block, and said close-contact portion is
hermetically sealed, and

an electrode embedded at both end portions of
said glass tube, electrically cconnected to said inner lead
wire respectively and also electrically connected to an

external electric circuit.



