;" ()*+, e3eL@dA\ G H<hL6LTLJI" _ 1 _ DESCRIPTION Infrared ray |anp, heating
appar atus and net hod of producing the infrared ray |anp TE%P’"’M“ m, he
present invention relates to an.infrared ray lanp to be used ml H‘mﬂim
for heating objects and a space heater for heating roons, etc. (h&g narter
referred to as a heating apparatus ) ( nore particularly to an infrared ray
| anp havi ng good functions as a heat sourlce by using a carbon-based
substance as a heating elenment, to ting apparatus using t i.nfrared
ray |lanp, and to a method of pr oducﬁﬁgeﬁfep"ig%? ared ray |anp. ”% "mm
ART A conventional infrared ray |anp causes a probl em wherein

consunption increases abnormally after use for a long tine, and it®"waating
portions fuse and break,i . This ,problemw || be described

bel ow. As an infrared ?%3%9?2%835% vgafnpdnglleﬂﬁ)][&%(?p%a’éa B§targyneehog
infrared ra Is n ir fiLlanent held at the central
portion of ?ﬂggﬁggatﬁéﬁe%%o?%gng%grgﬁ%a s]g% o?‘?glpof tungsten i s used.
However, the infrared ray em ssion rate of the tungsten is so | ow as, - 2
30 to 39% and the rush current at the tine of turning on is high.

Furt her nor erHdHN BCAECESIRIY tO0 use a nunber of the tungsten supports for
hol ding the tungsten spiral filanment at the central portion of the glass

tube, and the assenbl yrnerged o6ntheiv¥as 160 reasted r&oloéﬁtirﬁEf'l:Q'F_-edlSF%i ng
the plural tungsten spiral filanents in the glass tube in order to obtain

hi gh out put heanp terpedisédddt a headedeEooheakid BBSR ¥ PRNITE sflice
infrared ray | anp, wherein a carbon-based substance forned - into a tod shape
i s used i nsheatef for headdinan mspomal éikanmgMer @ébnasheat idar &t £8NE, has
been proposed conventionally. As such a conventional infrared ray |anp, an
infrared rapsl anpeditdainsedara bapineserBuphirstied linexpnt deth Raterdred
Application, Publication No. Hei 11-54092 applied by the sane applicant as
that of theTf¥ed@RP ibdehRBodoPS fumidtibvrs Ssnacheh¢ samuhmare asatking
substance has a high_ infrared ray em ssion rate of 78 to 84% the infrared
ray em ssi oft TaFROHf BaRed SULFEANFa\A T anpealtdahedomenthi glo dyesst ygt he
car bon- based _substance as a heating elenment . Furthernore, since the

car bon- baseap?l?tﬁat%'ﬁ%euﬁiggatﬁégéf‘%€érreé§irsatléﬂc'@“ﬁ enped st @rae metthadtefi stic

wherein its i stance, yal uei_Js]iQwer as the tenperature rises, the
car bon- baseas':??t')‘ls%grh etﬁgs -y '%ﬁif"ai E3¥t '@MPacteristic of capable of
reducing its rush current at the time of turning-on. FIGS. 20 and 21 are
front views showi ng the

BACKGROUND ART

.A conventional infrared ray lamp causes a
problem wherein its power consumption increases
abnormally after use for a long time, and its heating
portions fuse and break in some cases. This problem will
be described below.

As an infrared ray lamp conventionally used as
a heat source, an infrared ray lamp having a tungsten
spiral filament held at the central portion of a glass tube
by a number of supports of tungsten is used. However, the

infrared ray emission rate of the tungsten is so low as,



- 3 conventional infrared ray |anp described in Japanese Published

Unexam ned Patent Application, Publication No. Hei 11-54092, wherein the
car bon- based substance is used as a heating elenent . Part ( a ) of FIG.
20 is a view showi ng the structure of the | ead wire taking-out portion of

t he conventional infrared ray lanmp in which a heating elenent 200 is seal ed
inside a glass tube 100. Part .(b) of FI& -20 is a partially magnified view
showi ng th eghkon rthan_between the heating el enent 200 and the | ead
wire 104 o?gﬁgai%??ér SQ rté:;r/l é:%rrps%t?o%r?ﬂtt A& ﬁﬁ‘%t time &f fuznimg enG 21

is a partiafiyn ni fj j W e_connection portion between the
two heating el efrrgﬁts gggg\ﬂa%ﬁgggb ggdiphrégF&fchYet F of2 tifgmber of

conventi onaghé NEGRA dYsh i ich i ating el ements 200a and
200b are seal ed insgi%c:ike t he g?@fﬁ ‘Sﬁ%g ?tﬁreledpla% Fg)e FHEEEeBoSPAGRL t he

structure ofiDame@Rdaef thbBeckakiane he other end of the
infrared ray |lanp has simlar struc?ﬂ%yiﬁ%etﬁpn% ,aﬁﬂet% FuAREERR the
infrared rayssamplyhairk NEEEGehdl I was! Hilar t hat s in the part (a)
of FIG 20, except for the connectionaportitgne%ée) \hee%nt E%%mﬁ aFi ng

el enents 200zabidg20Ak pndriie thords bk espPagh ' il QUL o 1AS, Shown
inthe part (a) of FIG 20, in the conven ioﬁal EiW% Irmraérnza rladygllﬁzfnﬁlaassfret al

- wire 102 wdurke i hinaocdier shapebtsinouidRreEegutheand ofyt |
el enent 200 fornmed of a carbon-based substancg and for rreayi%tfggg%hl&gﬁ r od

shape . The end porti®bn ofrdee twi $elbapethaws aprvbiemdd? 45 R¥SLELith a
netal foil sleeve 103, and this netal foil sleeve 103 is secured to the end
of the heafid¥y l@®prenvhege iny acicanhom-baked susNean teagdowines 104§ ¢ med,
of a nmetal wire_and having a coil portion 105 wound in a coil-spring shape
in the niddi%d §hane 15 peed 1asdmad oo thehsuoars ten el eall ©f1afhenty al
foil sleeve 103.. One. end of a nol ybdenum foil sheet 107 is spot-welded to
the other &% %M&helnF: elsmentadhasr beesy prapesednooayent tananagl. | ead
wire 108 fgrngglcg_L a_nolybdenumwire is welded to the other end of the

mol ybdenum Tor " ShEef *RYA R §hel Adat PA& a1 &raraY Z0Amp+ hen nin &k akreid ralyeeve

103, the i : wJle 10 t he nmol ybdenum foil sheet 107 and the ,
external | ?gg’{%ﬁ]éégg§s&§%rfe%tiabfaﬁe§€ri%‘gbéésé’@ﬁ:r‘i’%éaa&lﬂm dRatensert ed
into the g t 0 i ed thergin . An inert gas , such as argon
. ni trogenhgrisﬁihée@ﬁég', ipglg'ecz¥€%°Pn§Pdeﬁﬁﬁe1dl'a?s4s°?%b@ﬂb@?d«t k¥ ghess

tube 100 i §afés 1) e _portion_of the nplybdenum foil sheet
107, thereby co%%t?ﬁgagﬁe?snﬁ%%gd O%Syﬂf%nBFeﬁle@t ﬁn%gnélﬁé‘r sb®ctive view

show ng t hgvaAside &f agohher +V .onal infrared ray | anp and show ng
the structure of the connecti onca;oﬁ%%ﬁﬂblgtav\seeeén T Sfﬁ%‘%g{%%gﬁeﬁléﬁﬁnts

200a and 20fiiraitkd heayedmd sbead ware L4 76f ¢ nyent isgnal  Lotrared ray
| anp. As shown in FIG 21, this conventional }02 r@?’e&ef%aﬂ%%rn%rﬁ staY

struct ure eméseilor heateoohethengnererfsd sr 20082280 22QQP LA, I -5
in one glass tube (not shown). In the infrargd ra?/ Iaarrp g%c?\e/\%ﬁié% lﬁig‘ 21,

coi | - shapelly ries 4h gwk hescaePanarish 46@bs abs twauwsl oy QUAE akhe PR e RN {1 ONS Of
the heating el enent 200a and 200b respectively, and netal foil sleeves 106
are fitted dYERSTMORR  eS1inCEhethe t Cedbuet-dhasedl suaeyvascd06aar g secured
to the end %;rti ons of the heating el enents 200a and 200b by crinping. The
netal | eaSPREIVS4 FR%1 A28 S| teppe radm i Scarad iex s toe! whpihdih shape
in the m'qutlze of th% wire is electrically connected to the netal

§ 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



foil sleeves 106. The infrared ray |anps having the above nenti oned
structures have good infrared ray em ssion rates, since their heating

el ements are fornmed of a carbon-based substance; but, there are the
following problens. In the conventional infrared ray |anp having the
structure shown in FIG 20, for the |lanp of |large wattage of the infrared
ray lanp, that is, for the lanp of a lar power consunption, the

coi | =shaped netal wire 102 is heated to a high tenperature. As a result,
when the infeanedntapilanpihsyared sy Siampt Wesé2188@d fPr 78phargd i M,
t he contact resistance of the connection portion anong the heating el ement

200, the coiPubhastbdenaxamired Pavadtt Appnatcdt{oh! BhBeYe k054 Nes eases
because of the tenperature rise. The conventional infrared ray |anp

t her ef ore haBeihklpbdbioem ofheatsi Mehe heatbb -Aadde $@PBLGINQN PPrid L8 -
Furthernore, if the tenperature at - 6 the connection portion between
the coil -shaped heedling edeb@htand Raet ned ploff BILG .Skeeve alQ3 v §8Dwing
continuously for a long tinme, the tenperature at the bondi ng portion nay

ri se hi gh anthej atructwgrsiofcdde lidmd behdenyajdrtd cou tayotitde e bigak.
Mor eover; the stress caused by heat cycles due to the difference in thermnal
expansi on coefPhVepddonset iadiraned reayihampl tnentiebOa drelat hegeeillemssaped
metal wire 102 is added, and the contact resistance becones. higher than the
val ue at the?®RgiAnfR§1EM d9e1idthear Blashetudepdi® ur Parte(h) oife FIG.
connection p &t'on is accelerated. In addition, in the structure of the

i nfrared rayf ai‘rﬁ ELTa ¥ RAFRLIEARE Sisienshoydng dhe xobnesddon n

FIG 21, the faollow bl d Inth wher ei n bot h
ends of 't he RabEhEH PR aehmees PR A LoBBn S 608, Rhpodhsy 16adyiime

tal foil 6., I [ f the t heat i | ts 200
and 2000 ar ot 0 190t by A ERE B FRY chERBns P ot £08 BAHOASD) Hodfor .
Force. Tn t1edComvatt: atartd m e EReATIS HEGHARERLAG: €0 ARG Ehen

, 1f th ' I ; 0 h Lt h h '
ol ement s 2000 aeCSO0n BOR L Ny Ry PhearTPoraR g BB b

reason, the indal o aned thaelesaswpfeoro&wrt@l%sbewe%vﬁg%egg'eiﬁg Q- ddre

heating el enent s ZQOa_and 200b_increa§es. In the case ance in
the crinped sdptEaip iAPWRREh tRePatid HEBFIng e2B@metd NEo6ar RAR BaTHRS

heating el enments, to which the larger tension or conpression force is
appli ed, nayabe eséaled inside the glass tube. The part (a) of FIG.
20 shows the structure of one end of the infrared ray lamp,
and the other end of the infrared ray lamp has similar
structure. Furthermore, the structure of the infrared
ray lamp shown in FIG. 21 is similar to that shown in the
part (a) of FIG. 20, except for the connection portion
‘between the two heating elements 200a and 200b and the lead
wire 104 shown in the figure.
As shown 1n the part (a) of FIG. 20, in the
conventional infrared ray lamp, a metal wire 102 wound in

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

200 formed of a carbon-based substance and formed into a



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 |lanp, an infrared ray

| anp having the structure shown in FIG 22 is known. FIG 22 is a plan view
showi ng an exanple of the conventienal -infrared ray lanp. FIG 23 is a
perspective view showing the infrared ray lanmp shown in FIG _22. In FIGS
22 and 234 tshapent rite prdiperbionhefi kheacedl-snparsd narabevikfer st ood
easily fromthe descriptions on both side_ portions shown in the figures,

t her ef orl) 2 tisecowemes} widh rorespl heilnsLap¥e L9y -1 aRg FRIAJECERIWN in
either of the figures . The conventional infrared ray |la e;gwn in FIGS .
22 and E»ibegaes 19 Lisstanursd Yodhe sRd o4 the ‘Eh%ng MmeDtetal foil
sheets 205 enbedded in both end portions_of the glass tube 2Q1, _a_heating
el ement 209 hereRinRARG, sdRed Tl heag éﬁﬁ 3‘&4 r'ﬁﬁg Pht Brnal | ead

wires 204. The heating_ el enent 240 is.a_resista wire forgred of nichrone
or tungdtekrhniiksudid havige ekl ?ﬂEscilr?[er]rc](g? ng&q%iir s2204 are used

bos. he co1lopringsiepe thaite Al SR bR Wbl A ST AL b oS
to th tal foil sheets 20 | the-i nt d wi
boa on DEoRdgfiohe SRECERE G Ve MHetES B60CkredVe [183l N GhBnLEA] M TED

the coi |5 #NARGA NEALLGN LOETTMe 240108 £ SpSEdua Ry ke BRsSyRRBRN!I Al |y

coaxi al W center axis of the cylindrical glass tube 201. As shown in

FIGS . 22,8Nde23ne ther&xhehnaled €agiper 294206 rafex kopmeetesd 40 the netal
foil s’hg%lgg gSS%gr? b(r)kt?% si des reespecti vely. Wen a voltage is applied

across therg¥xhannaled ®adiver a® 2060 takan ofuta fi®lybaehun desreaisurrent
flows through the heating el enent 240, and heat generates fromthe heating
el enent 493w B8 tRet Beheesknidbde thfe mod yeidnug £6theshed40107.
corresponding to the current. At this time, infrared rays are emtted from
t he heating Beam@nig 20emfatt 20@), thd&ifetad Eoid grlagvefl0Be d¢hstribution
curve 270 of the intensity of the infrared rays emtted fromthe heating

el ement 24@e@hailna eiad wames oedy, |twe mehwipdenum E0il3shegrty 100} agid FI G 24
is a cross-sectional view show ng the portion having the heating el ement
240 of thbeiektersdlrbgafianbreHdihconmaetedin spriespng §eagEd wn in
the parts (a) and (b) of FIG 24 are orthogonal coordi nate_axes on a plane
per pendi abbae Bra Hasarheddinga itde F1afe KERE AP CIFEnt15B85&bwn in
FIG 23. In the parts (a) and ( b ) of FIG. 24 , the or'ﬁin]zﬁ]6
correspotiiéreiq . An negd gafteFUGRIZS 8L A Héé:t‘:iqﬂge‘épgnt 1y € In the
graph of the part (a) of FIG 24, the valu in.the radial directjpns

desi gnat &5t F&3A% P ARt ERE; tﬁao?stﬁ‘égﬁnﬁﬁgr'e&tr}ea fa%ﬁdtfllﬁ’ee \(;1a dJes in
the circunferential direction Si gn it tshe center
axis on gﬁegﬁﬁﬁﬁea grbé’ﬁ‘ eccﬁla}rdctoe %ogﬁtg&%%ﬁﬁ%‘%trﬁ%%ﬁgﬁgﬁlé %é)aitqi ng

el ement 240. . T apgl ! 3 fr t ositive
directi oﬁh(g’fe% rt']igos.g aﬁﬁg?‘%\}ﬁ’éﬁc%ﬁé%ﬁgﬁgﬁf é\%l%gggh%g app iiejﬁm o the heating

el ement 240, the aggunt qf 15hg JOf5pEed 1haY FikiASRoRA Ry AN iasal@a at a
constant distance fromthe center axis (represented by the origin 0 of FIG

24) of tRe BRALHAYE SRt 24RaNasnipaziydd.ayvaibynide hovansithe
di stribution curve 270 was obtained. As indicated by the intensity

di stri bukitemAiye 8F0the tdenpectioa) pirfién Bétwdem i thieated ray | anp
240 emts infrared rays in all directions at substantially simlar

i ntensit heablitsg leAsamd st & rom0 & hen 8 2200 et d tithee ovedssl dexad ovilafe sliépe of the
heating el ement 240 is substantially symretrical with respect to its axis
and has afcitheulcamwdmpeonslshofirared reapatamph) 35 phgwm4n FIG.

21, this conventional infrared ray lamp has a structure

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



By the equally distributed infrared rays emtted in all directions at
substantially simlar intensity as described above, heat is transmtted
fromthe heating elenment 240 to the outside and used to heat the outside
and the surroundings. - 10 1In the conventional infrared ray |anp
structured as descri bed above, in the case when it is desired to give
directivity to the em ssion intensidy-of the infrared rays , a structure is
known wherein an infrared ray reflection plate is_installed qutside the

i nfrarinl org 9iaRssf FubsaprE. skpwn)as IQ IheAdpeEared FRASEWISMR ng an
‘exanpl e wherein an infrared ray reflection_plate 280 is gk vi.ded for the

convergh@wal idnFLG ed? } ayCPady SHRP R OWRAE 1t e TR3i 19 8Ra L4 %nshi p
between the infrared ray | anp and thg infr3{q§H¥%{ rfflection | at e 280.
‘The irﬁ#‘ar‘éauPanFé’f‘}‘b@t’?lbﬁ"%PgtB°§§ o of e HSATHBS 84 Hibe and is
di sposed coaxi.a with the heating elenent, 240 SqQ ,as d the half
of “The 0Rarang 2 thehe st Rty (BT payas BT S Peldsths HHE

distri ion curve 271 qf the iqtens] f i pf.rar r jdted from
The | FYEFEE PYPY 5RE nARaD  iRF R bV el walSa EPLd BTG VA% par
(b) of FIG_ 26 is r S t'&nﬂ[ I oW t widg the
heat i n@rﬁl gﬁgr'ﬂr%St%f eﬁﬁe%?lréf ar e%ﬂr’gg F’gn\gh%g\ﬁ%t?ﬁé %%%ﬁz%?‘eﬂdgray
reflectjion t h LA G Al Y1 XES o QW idy t he parts
(a) an%bQS)gé? ??é?oﬁg gremggfﬁ%gona g%%%ﬁ?%éte axes on a p aﬁg;

per pengi gyl ar benaxi®) Hhagat ien Licdhe-bpatiny shepeni4dhshown in
FI G fg.g#ﬁé(ﬁéiitign opposed tolthe ;%flect?onrggce O?Ethe infrared ray F&e®
reflechh@aiRl aiee t2@0wisdlald Bad csribginggabnnected it tie amdtan of the x
axis . Inthe parts ( a) and ( b ) of FIG 26, the origin O corresponds to
the ceppen axiSevést hoeeating el ement 240. In the graph of the part (a) of
FIG- 26, the values in the radial directions represented the em ssion
intensity of theThd rineédarad, randlapesvaawebngnthlee adigwainf erenti al
directions represented angles with respect to the center axis on the plane

per pendeattliamé d sttmiakiuak sdhaeetd ond din fitmr éédatd ngmdlsseom 22 s These

angl es are designated by angles fromthe positive direction of the x axis.

| n thespacte theiof hea3 ing, elameodiscemer Eormestatfi angarherchasrAt he

em ssion intensity have the sanme values of the gradations shown in the part

(a) of stbe tanee: nbuiti ofdee Fecares the, fadlewdmy tPeoheeRSd of neasuring

the em ssion intensity is the sane as that in the case shown i€%the part

(a) of FIG 24. Ad IhswRonyamnelpnptd Infrargd ppg 128pd1avidaptei ding the

i nfrared flecti | ate 280, infrared eni tted intensel |
on oneS§FHS GHER RRPHP APelilFay SPanf Ot LATRES LAFILIREITIR of the x

i d th ter. d j i h i i nf d
Fay 1 anh, Re BEEAR s D nen B 8 cLoB CPReTRRB SEed Thsohas
| sot 1 opLG JNEOSLEN A S4L | ULORd 1 AhlaJLUCG @DP waFQr 1y S eason, in
or der E8wg‘ﬁrvec%| I’E,‘Clpl Vi y'to Infrared ray emssion, 1t IS necessary to

providg the d nfpaned 1y £8hbeTH U d! atgs o4t sedete yRéhaked ray - 12

3

bad
infrared ray lamp having this structure is used for a long :

time, the contact resistance of the connection portion
among the heating element 200, the coil-shaped metal wire
102 and the metal foil sleeve 103 increases because of the
temperature rise. The conventional infrared ray lamp
therefore has the problem of abnormal heating at the

connection portion. Furthermore, if the temperature at



| anp. However, the infrared ray reflectivity of the infrared ray reflection
plate is apt to be | owered because of aging and the adhesion of stains. As
a result, the intensity distribution of the infrared ray em ssion becones
different with the direction of the em ssion. Furthernore, as the infrared
ray reflectivity lowers, the anount of the infrared rays absorbed by the
reflection plate itself increases-.61f this kind of heating apparatus is

s,. and_unexpected parts wlll

d f I ti.ne, 1,SSi fici I ,
b overhear 2RR ST Y oL Of RS R 68! BRS: FO LIS RRARRA 7% BRLI BHBbL ai ned by
idj th 1 -cyl i ical _inf . reflecti | ate f th
i1 arkde 808 SRS RRiAn AHE T phOe it e 8 ot B e RS Y GROFnt ensi

0 L1 P bR (iAol EShia e ST Ao B, RIS A0, Gty U onoe

on one siae”i n genera

. Al | inf . i h
[eAsOnkekB RASNEARUEIUEORe LI Sthd8Y LATPRORR B BIBLsIgpIRELESSe, (1,
ot her #@08%naAULel 1128836 ShieethbisyolbasUd byGthly dpcebesult, in

t he case when the conventional heating apparatus 1s used ocal i zed

heat i t I eat i i S OF
INVEN%?%& E%_R?g?_?ﬂg@%;ggﬁ%? ?%vggfﬁﬁﬁa%s§?%¥gﬁ§§gﬁt8°E%Ive t he

rove- neativeeed tBleOReas iy & Bdmén t N €008Hat PnB" Q¥ e hd Hddmd ehiabl e
infrared ray | anp wherein its power consunption does not i ncrease during

“use foFifel AR tisreaaadd,t sah@atheg coarta@0S rasa Pf £neat e dames f usi ng and

reaking after use for a long tinme. The present invention s further intended'ﬁ,d

_to makeigherethaat the vhauwecdiicthenbegliemiaig ectt ivdd y wtfedabiynfrared ray
reflection plate n the directional distribution of the em ssion intensity
f infreemperamiteowdse banthbatomhethd ooopoernttiamdls atraledatydl anp, and
to make the directivity of the mssion intensity of infrared rays higher
than that of he éonasidithah.i dir fiteel shyucdmre ThE phesdmfrawedti on
provides an infrared ray |lanp and a heating apparatus wherein the em ssion
i ntensfdy épmMmfhaytadr &e doweli heating ye hpmeadis u200g amd rad0kcti on
pl ate, and al so provides a nethod_of producing the infrared ray |anp. An
infnu%%°W8y#Qué&$n a&eoﬁﬁﬂmﬁoﬁﬂPW¥ﬂﬁa?Egéaﬁmﬁnﬂ%?iéﬁqﬁﬂﬂwises at
| east one heatin neI
|

ment havi ng ubstantially plate shape, having
recessed portion 'rI:eI"I%epFeFﬁiE_‘Lsi é@“’?ﬁe Bt I?%Iﬂsegfjréré’cﬁ '%}E%I F¥Pred of a
ar bon_l‘?eaas.xe.gnsgu%%:[eanrﬂgr?tshgﬁto-aenngcI I ?@OQI (a).(x::kes cII:ainIIBQdQ%%d u%oinrggcéliu\eli ty
metal foil sleeve 106, no problem occurs if the two heating
elements 200a and 200b are crimped by a uniform tension
or compression fofce; however, crimping may occur in a
state of an unbalanced tension or compression force. 1In
the conventional infrared ray lamp undergone crimping in
such away, i1f the heating elements 200a and 200b are heated,
the two heating elements 200a and 200b expand thermally
in different states. For this reason, the imbalance of
the tension or compression force applied to the heating

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

balance in the crimped state is improper in particular,



o0 which both end portions of the heating element are _nserted and bonded,

- 14 a sintered substance of an adhesive forned and sintered on the

i nsertion and bondi ng faces of the heating el enent bonded to the

heat-em tting blocks at the regions in the vicinities of both end portions
of the heating elenment including the recessed portions thereof, a gl ass
tube in which- the heating elenment, the dintered substance of the adhesive

and the heaf-em tti b are hermetically sealed together with an inert
gas , and I%%g v?/ié e{s}geél légﬁlsi%&a'ltﬁ/s%ggﬁ‘@&@dnéoe HbE « efi%t (LB bBes,

h d i i I b yth thj
Structuros YaRBRs%keibueh Brecbfipatls fhn £0cdetis AvbTind PavbRerted i n
the vicinities of bothegng§ Pﬁetngﬁﬁigﬁnéga%ﬁgf$§9?%§-ngﬁiﬁfpas t he

heating el ement, and the areas o e contact "W i ng bl ocks

vi a the_Car@QﬂvQﬁ%ﬁbﬁQDE§hf§&@ghifﬁgE?%ﬁg,d%Eiqgg &diyfg%%nnéiP%f t he

contact can be reduced, heating due t e‘resistance of the can be

esiricted, and the Lemerissaseal Jd\ Leag W qddatab! Al L foE! ERR

both end portions can be prevented from becom ng [ ocal sul t,

accordi ng tRehlieny 3E{dctBVert iFQ% &ts%ﬁcBoﬁﬂéﬁéttPoErﬁ%%@ﬁﬁég?$8@g wWre

installation portions fromf using and breaking owmng to the tenhperature

rise at thebpoukiionRs raddaaddiildOraréaneayde rgsesndd NEIL§08% ivhd he
vicinities - 15 of both ends of the heating elenent are filled wth the

car bon- basecondkesiianal hitnfirtdded) paybahpyg aat erdhedahealy noamhenent
and the heat-emtting bl ocks becones closer, and the strength of the
bondi ng i s RavdngetheAs trueture, showmeln ifr@redar dy kamgww! thecpr ggent
invention, stress due to heat can be absorbed, and  abnornmal heating can be
prevented. 1%ndj pilad &l ey ShaWing oAnasdnplei efipdihe ¢conzendridane® with
the present, invention conprises:

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

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

23, the central portion of the infraréd ray lamp can be

understood easily from the descriptions on both side

portions shown in the figures, therefore, the central

portion of the infrared ray lamp is not shown in either

of the figures.

The conventional infrared ray lamp shown in FIGS.

22 and 23 comprises a substantially cylindrical glass tube

201, metal foil sheets 205 embedded in both end portions

of the glass tube 201, a heating element 240 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 connect both ends of

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



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 ocks having good conductivity and
each split into two pieces, between which both end portions of the heating
el ement are sandw ched, a sintered substance of an adhesive forned and
sintered on the insertion and bonding'fgcés of the heating el enent bonded

to the heak- ¢dddipg thclfl%aattiﬁgﬁ%?%gl:e%r}:s %Eotgge\éi&%i& i t#‘?g& f both end

portions of the heating el enent ng ther t hereof, a

gl ass tubecomndt€datty tﬁ]ﬁa}“ieligib]]ekgmngheeh&e2%i5ng%he€u§-§%8‘%§gfofpgeg%+,}té?em .

adhesi ve and the heat-emtting ocks are herireti ca

Dot o ¢ oy Y LGeHENCA Syl Led Iszomegé?‘g Esgkéegnsebu&lleé%qmé gl ass

heat-em tting bl ocks, the end portions of which

tube. Wthseliured rscably. i At hinfepned e |@Prelh tipg.glement is
bonded to the heat-emtting blocks by pressure cont%%%; %I){}gsﬂ,égi ﬁ@& ‘

accurat e despdsishapedat hpaedeierdliewen 00340 @RS d1¥pdilhi 89 1% '1:‘%% be
requi red, assenbly work can be carried out easily, and the cost o

product i onsuv&s tan tbaltyd coiaxiidl cabthy thidetdexe F BRAACA0+gR i nfrared
ray lanp in accordance with the present invention conprises: a step of
form ng ree¥ddadpigcal ogdaisis tthibeyi 20bi.ti es of both ends of at |east one
heati ng el enent having a substantially plate shape and forned of a

car bon-based subst and®, shoxreplnfFE@HL yRAgaad 2qyi dmshesteenbar TR Of a
car bon- based organi ¢ substance to the regions in the vicinities of both
ends of thB1Re&&t 2P Axeeeennacted i tiiee rretadedoldr tsloastshaiosofon a st ep
of insertiﬁg E?d gondin both end portions of the heating elenent to the
end porti oRS B ShEaE-EHPPELKd IS iotks Whan fyvedsadsoaduappililied by resisng t he

et i ng- el SHENERESTAAY (P RACH £ Rof 06 aRARE LI (A= aRabPRD SAdeioatd ng

oo SRR Y RS, B8R MRSk 0SSR B
generates from the heating element 240 owing to the
resistance of the heating element 240 corresponding to the
current. At this time, infrared rays are emitted from the
heating element 240.

Part (a) of FIG. 24 is a graph of the distribution
curve 270 of the intensify of the infrared rays emitted
from the heating element 240 of the infrared ray lamp shown
in FIG. 23. Part (b) of FIG. 24 is a cross-sectional view
showing the portion having the heating element 240 of the
infrared ray lamp shown in FIG. 23. The x and Y axes shown
in the parts (a) and (b) of FIG. 24 are orthogonal
coordinate axes on a plane perpendicular to the axial

direction of the heating element 240 shown in FIG. 23. 1In

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



wires electrically connected to the heat-em tting bl ocks outside the gl ass
tube. Wth these steps , the infrared ray lanp has high reliability by not
raising its power consunption abnormally during use for a long time and by
preventing its heating portions fromfusing and breaking after use for a

long tine. An infrared ray |lanp from another viewpoint in accordance with

t he present invention conprises: a heatd ng el ement having a substantially

pl at e shap@\o tzlze wi dth of which is larger than its thickness by five tines

or more, a glassCPU5ET axdAieh theeheadtimg edleiemnt z'@%her td,cal |y seal ed,

and two elt?efthqges eg:bedded at _both end portions of the ¢ assh‘:‘ig &ph
electrically connB&Fdd () bt hFaRds 2f, t bRehealliyws ek MRty rle%\?fc::c&i vely and

al so el eCtdiﬁ@onﬁon ected to an external electric circuit. Rt his
structure, the emS8i &fsianater fhef etﬂlﬁS‘sﬂbei@d;é:@é’ik?”BJ@eﬁ?gEs a

maxi mum veilﬂpr'?e&hg thickness direction of the heating el enment and becones
negligibly small in edfpaitbntiet N aidivee sraii mibtev & Mec b slele i 1
directiongiAdegt 0y agg%at utrs%i n_accordance with the present Invention
conprises: a heating elémM® tHav?RgLlessubkstanteaplesctpl e6ethe ddhtshape,

t he wi dt hagfi sMIInCRRieS h_ghge e%han [fs thickness by five times or nore, a

gl ass tube in which the“heal! &4 Wiarstpethet axdlally diead €€l oangst WO

el ect r odeshenheddad, n ortjons of the glass tube,. electrically
connected to both_en%‘ts?l(%}ﬁ%]%g r e njﬁgasérréﬁ’tglr%%p@neiﬂelsy.gmmt@awy

el ectri cadhygleencdng ot al.electric circuit. Wth this ' J
structure, the em ssi onﬁign?gr?g"ﬁiy%fé%ﬁgci 9href the Imrpxis.the heating !
appar at us becones awnexi HUIB Wy} t hi ckness direction of the heating

el enent alglg lgzcorres negl i gi bﬁégﬁgh Vitolrjlletc%grf)aWP%@R/ﬁJehedhéorrwhémm val ue

in the witatdngeetlement h2geby thavi Lrectivity. A nethod of producing

an infrared ra¥ | anp from anot he?&viéggvx%g#%t ° t'tl'h% bréTasred nyamsi on

B

conpr onmi s¥®3ChlBgep ofirwrer agea @tass or lass into a
substanti al Ig//ecyl i ndri cal shape, a st epég?gﬁgﬁnt;t‘#g%?g?%&aﬁ#% dhe

subst ant i1 2P| axéshé zepre s eteat byt kg ich js larger than its
t hi cknessc be?/ five times or nore, in ﬂ]e gl acggsf?%%e\SQS%]ﬁlafGth%géeﬁfer l'ine

of the hédt et Engne liemerie 2600iwasdini@hsdrEgCt | }Qgre%f is
subst ant ii?lltlé'nscl‘)@)(i al with the center axis of t he glass fu é’{e and
| Y distributlon curve 270 was obtained.

Asindicatedbytheintensitydistributioncurve

270 j
in the part (a) of FIG. 24, the infrared ray lamp 240

emi
its infrared rays in all directions at substantially

S ) 3 I} ) ]
imilar intensity. This results from the fact that the

C -
ross-sectional shape of the heating element 240 1s o

24.
Bytheequallydistributedinfraredraysemitted

i .
N all directions at substantially similar intensity as

de i
Scribed above, heat 1s transmitted from the heating

e
lement 240 to the outside and used to heat the outside

and the surroundings.



a step of formng a reflection filmfor reflecting infrared rays into a
substantially sem - 19 cylindrical shape on the external face of the
cylindrical shape of the glass tube so as to substantially include the
range of the disposition of the heating element in the axial direction
thereof. Wth this structure, the sem -cylindrical reflection filmcan be
fornmed easily by using the cylindrical- siape of the glass tube. A nethod of

roducing an infrared. ray,lanp fro %ﬁéil anot her vi ewpoi nt of the present
anent i on conpr oni ses:Ina‘\{EFecgg%VeP?roﬂ dnfizAce d HAY BAND FFTHE tHeed i nto

efi'ect ng CRriarEs BEd SRl i o e?éc?aﬁﬁ%&e{%&gs{ daqéj:yfétg:{: ef "
oyl nar i cal AEREETAPE Bh LIS St 850, 12 %et%rﬁip@s?ﬁfﬁ?éﬁéf;‘q;ﬁ?;ae;rx; .
o S R R0, bR ey g A L, LR
wherein thepighleeqld OfhéthMmied U $P$8E: the infrared ray lamp for
example.
| 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
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 Yy
axes shown in the parts (a) and (b) of FIG. 26 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 240 shown in FIG. 25. The

direction opposed to the reflection face of the infrared

ray reflection plate 280 is defined as the negative



and of hernetically sealing the heating el ement
this structure, the sem-cylindrica
even on the internal

of

organi zati on and content,

Z0

[ I n the appended clains, the invention,
e uan vati o' ohd tont & w | | Bg bettellurder st ood and appreci ated, al ong

I nside the glass tube.

Wth

reflection filmcan be formed easily
face of the glass tube by using the cylindrical shape

the gl ass tube. Wiile the novel features of the invention are

her eof fromthe foll ow ng detailed

both as to

u h OneraBgasso A g U el et o8l lrom i ol owng deialed

description

| ew_showi ng, the structure of the lead wire

DRAWNGS Fhe LHes (%Fiégﬂt O}lr%?ﬁaeﬁgqudﬁmtpn thec relmher wixis aofi thk

t aki ng-out portion

nin

enbodi menthgh +4hg er%ﬁféﬁtif%ﬁvé} Qghggﬁeg{:pp@ efefibet pamt lad of FIG.

showi ng the connection porti

26, the values in the radial directions represented the
emission intensity of the infrared rays, and the values
inthecurcumferentialdirectionsrepresentedangleswith
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 pPositive
direction of the x axis. In the part (a) of FIG. 26, the
concentric gradations iﬂdicating 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
thét 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.

Asdescribedabove,:hltheconventionalinfrared
ray lamp, it is indicated that the emission of the infrared
rays has isotropic intensity distribution in all
directions. For this reason, in order to give directivity
to infrared ray emission, it is necessary to provide the

infrared ray reflection plate outside the infrared ray

|G 2 is a partially magnified view



V ;V [ [ hown in FIG 1; FIG 3 is a
-emtting block of the infrared ray lanp s _ _
Bgﬁtially nagnified vi ew show ng the connept;on pgrtlonlngtE:vrﬁgtgzgther
1 tti ray _
el enment and the heat-enmtting block of an infrare ( .
[ i ' t of the present invention;
ure in accordance with the first enmbodi men _ _
ftLFE; 4 is a partially magnified view showi ng the connection portlfn of
the heating el ement and the heat-emtt+n2btock of an |nfraregbrgy app ]
havi ng stillla ther structure in accordance with the first enbodi nen

nt i i on; is a front view showing the structure
21 of the present invention; FIG 5 is o b e eor danes

o ehS st ol el 0 e T by Sl
b : : i i e hea

T or ARSI ) U5 CEeE oy RO ol e e e
of aging and the adhesion of stains. As a result, the
intensity distribution of the infrared ray emission
becomes different with the direction of the emission.
Furthermore, as the infrared:ray:reflectivity lowers, the
amount of the infrared rays absorbed by the reflection
plate itéelf increases. If this kind of heating apparatus
1ls 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 pPlate for the infrared ray lamp
having the above-mentioned isotropic emission intensity
distributions in all directions is Substantially the same
in a wide range on one side in general as shown in the part
(a) of FIG. 26. For this reason, in the conventional
infrared ray lamp, an attempt to increase the emission
intensity in 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



5, FIG 7 is a partially magnified view showi ng the connection portion of
the heating el enent and the heat-emtting block of an infrared ray |anp
havi ng another structure in accordance with the second enbodinent; FIG 8
is a partially magnified view showi ng the connection portion of the heating
el ement and the heat-emtting block of an infrared ray |anp having stil
anot her structure in accorggance with the second enbodi nent; part (a) of
FIG 9 is a plan view showing an infrared ray |anp in accordance with a
third enhei pretsesft titevemtdont lisndaritarnvied abe patve(bheof FIG 9 is a
front view thereof; FIG 10 is a perspective view show ng the infrared ray
>buepmem ttkene daptebiemnts tand thlsd dprteddathttofP¥P¥igLedent invention; part
(a) of FIG 11 is a graph show ng the - 22 distribution curve of the
ighigngieliahlendnfffangedragyd adp (Wher elbmitife BR¥®¥Fng el ement of the
third enbodi ment, and part (b) of FIG 11 shows_the cross section of the
opeHMPALqRrdo e BPtt hRCFRASS SPGiRI|IFP BPTt Al PREr B1Bfbodi nent ;

ad its heating portions are prevented from fusing and
reaking after use for a long time. The present invention

g further intended to make the effect of the reduction

f the reflectivity of an infrared ray reflection plate
n the directional distribution of the emission intensity
f infrared rays_lower than that of the conventional
nfrared ray lamp, and to make the directivity of the
mission intensity of infrared rays higher than that of
he conventional infrared ray lamp. The'present
nvention provides an infrared ray lamp and a heating
pparatus wherein the emission intensity of infrared rays
.as directivity without using any reflection plate, and
1so provides a method of producing the infrared ray lamp.
An infrared ray lamp in accordance with the

)resent invention comprises:

at least one heating element having a
‘ubstantially plate shape, having recessed portions in the
‘lcinities of both ends thereof and formed of a
:arbon-based substance,

heat-emitting blocks having good conductivity
0 which both end portions of the heating element are

.nserted and bonded,



part (a) of FIG 12 is a plan view showing an infrared ray lanp in
accordance with a fourth enbodi nent of the present invention, and part (Db)
of FIG 12 is a front viewthereof; FIG 13 is a perspective view show ng
the infrared ray lanp 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 infrarged rays emtted fromthe infrared ray

| anp of the fourth enbodi ment, and part (b) of FIG 14 shows the cross
section of the cendralnperteidrsulfstarncenbraaed aded or® HdrinBa hHadrth
enbodi nent; part (a) of FIG 15 is a plan view showing an infrared ray |anp
i n accordigmeeraidt on Llie firs enbddinnent béntiagpresey ofnvrRatheatiagd part
(b) of FIG 12 is a front viewthereof; FIG 16 is a perspective view

showi ng atrmentrhpededayol bhp haasceoridkintegwhlockiseati thé wepodneent of
the present invention;, part (a) of FIG 17 is a graph show ng the - 23
button cid¥ vER®f Vikdnifi ke8| of dfotir-end pomrtirenisrafs tihef romathegi nfrared
ray | anmp of the=~ ~~f th enbodinent, rt (b) of FIG 17 shows the cro--~--
secti on OfePRRt11pSUGNGf thige Haneared PRrtiwnshsheiceof.nent; FIG 18 is
a perspective vii' show ng the oval rel ationship between the in~r~~ed ray
lanp and feared ra& §ERPECENSE dimatdhrifhate: hepid ngpdremertor thece with a

sixth enbodi nent--=~'~ the present i, FIG 19 is a perspective vie=~""
Showi ng_stlﬁét%ﬁab ?'épgttiad‘r%%‘?feb %\/@e‘%‘?ﬁévﬁnﬁl“itéﬁ P&R Y-l bhdnBear ed ray
oot T Rk E e hetila troby TH BRUTH RN AHY S 45 ReugEr Lt ur
' 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
bothendsofthecmrbon-basedsubstanceusedastheheating
element, and the areas of the contact with the heaf-
emitting blocks via the carbon-based adhesive are
increased, whereby the resistance of the contact can be
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. As a result,
according to the present invention, it is possible to
prevent the lead wire installation portions from fusing

andbreakingowing1x>thetemperatureriseattheportions.

In addition, since the recessed portions in the vicinities



| ead wire taking-out portion of ed ray |anp; a conventional FIG 21 is a

' ' ' t-~ | t aki ng-out portion of a
tial view show' ~-'-~g the structure lead wire _
Eg;ventional ed ray |anp wherein two heating el ements are sealgd Iasszgube,
FIG 22, is a plan view showin~ - - a conventional ed ray !arrp, FI G t|s
a perspéctive vie:~= showing the tional infrared ray |anp; - 24 par

(a) of FIG 24 is a graph show ng t-hastri bution curve of the intensity of

. : q
[ tted fromthe heating el ement of the conventional care
EQS :gl;r{f% gﬁa‘gggf%t“d(so)O%ftlrﬁcahezztigtmmlemenctrm tfbhlef whealreprésal

portion of fhe tnfras %ddr{ggilrgr,mtl\am; %:ir.ltsllgg gi:bonding between the
heating element and the heat-emitting blocks becomes
closer, and the strength of the bonding is enhanced. As
aresult,intheinfraredraylampcﬁfthepresentinvention,
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 pléte 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 regilons
in the vicinities of both end portions of the heating
element including the recessed portions thereof,

a glass tube in which the heating element, the
sintered substance of the adhesive and the heat-emitting
blécks are hermetically sealed together with an inert gas,

and

lead wires electrically connected to the



FIG 25 is a perspective view showing the itional relationship between the
infrared ray lection plate and the infrared ray lanp in the , ventional:
infrared ray | anp; and part (a) of FIG 26 is a graph showing the tribution
curve of the intensity of the infrared rays tted fromthe conventi onal
infrared ray lanp provided h an infrared ray reflection plate shown in FIG
25, ~. part (b) of FIG 26 shows the <rb&s-section of the ~tral portion of

the infrar a sho in FIG 25. It will be recognized that sone or
all of theﬁ Sﬁte)sé"lait?gpjsﬁﬁe‘\?,\rg?f’é‘sr'eﬁp&érﬁtdamimt;itbns pirphsed ke Hakeql i ON

and do not H3es ar,i ict the actual ative sizes or |locations of the
el ements s oms'%%T 11\1/{'%Egli S NG OQUT THE | NVENTI ON Preferred

enbodi ments of an infrareq.r I i an infrared heating apparatus in
accordance with the héfg::lht %qﬁnﬁﬁ’gﬁc\ﬁﬂqe belRjeslkei baf risateiv ref erainpy t o

t he : onpanyh &t &5 8y : - First enbodinent)) FIG 1 is a front
vi ew showi ng t he g%%%téaféne&tzghs i%?fnr‘%ﬁ"got? dhe mpatneadddridegael ek a

first enbask rgerd s ohirkheoResep! | ntion, and shows the structure of the
lead wire taking-out pOIp![ﬂl ons bfél{;l%g’i Af P I rEFpIisp@sltsbowatbot h

end porti gsedétebaindd ap8d 4 f t.he first enbodinent. Since its
central portion has a coﬁ%i %&g?sbrls$p€%?uf"eihcc'bjrﬂgcliisnd’%fbtﬁegﬁél’mxi ons,

the centr &sgpEmblonwoskN@ars W 0 j n, FI 1, inthe infrared ray
| anp of the first enbodinent, a hae@t?ui%g \egll;‘lleém?n s’?;theaf‘ﬂerﬁhec iR blofks 3

and i nter pefodweatiionr esard Béers@}h i 94 I e 1. The internal |ead
wire 4 is connected to an external |ead %ngefa%é?/lﬁggg'ml ybdenum foi |l sheet

7. The plate heati nMeteodno2 sesiediiny tg ¢ é\fﬁ:% el ig forned of a
car bon- based substance consisting of a %xtur eho clﬁé)tﬁﬁ’i RatBon such

as graphi B€cordancet aidd vidheepadjseai trenh ve c [ phous car bon.
This heating elenent 2 has a plate shape rrealsllﬁ"'rs%%g goﬂl%\%i%gth, 0.5 Mmin
t hi ckness and 300 m# i$itepngith ﬁarmbngnmleezegﬁledh%fﬁ@ﬁ%i 39 Qock 3 is
formed of onductive material and electrically connected to one end of

t he heati ch I S 206y bg thetandis de€caitbad 4 ot ebneAneit1 PP &1 Qe d S

f or med athgnﬁ end of the internal lead wire 4, and a spring portion 6

havi ng el astT&i% y? i¥UPSLART ¥l 1 bnbAg tcheshable paidi 98rhed of a

carbon-based substance,

a step of applying a liquid adhesive formed of
a carbon-based organic substance to the regions in the
vicinities of both ends of the heating element including

the recessed portions thereof,

a step of inserting and bonding both end portions

of the 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

a8 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



- 26 As shown in FIG 1, the coil portion 5 of the internal lead wire 4 is
wound tightly on the outer peripheral face of the heat-emtting block 3 so
as to be electrically connected thereto . The spring portion 6 of the
internal lead wire 4 is disposed away fromthe outer peripheral face of the
heat-em tting block 3 by a predeterm ned distance and is structured to
expand and contract so that the dinensianal- change of the heating el enent
2 due to itsYﬂgggng gn.can be cancel ed and absorbed. At the sealing portion
lc of the in e Vs Jo%ﬁCF%ﬂliiP%ﬁ%#@o@thehtgat*miatgh(rjgalbllceaésvvi re
4 inside th%@kgiaet L{_J?leel i s connected to one end of the nol ybdenum forl
sheet 7, and the other end 3f St o | ybdenum foil sheet 7 is connected to
the external |ead w rewgt Fgﬁ 2 iﬁ a partially magnified perspective view
showing the fitting conditi 6He8F FhePReathfglafanared zaand drte has high

heat-emitting | 96413 ¢ cordance with the first enbodi nent shown in FIG
1. As shown in FI-% 1;ty2 %fié)ggarfag‘s\f%&%ﬂtﬁt POWe & eg@ s upip toien end porti on

of the heat -#3Ad+hR81 %Qﬁ. he other hand, in the vicinity of the end
portion of the heati ngl e err]\:é}ﬁcgs% §°§r BodO T elimenandg bivn prefverttingn

per pendi cul artd hdae1h@Sebld Lr jon of, the heating element 2 (in the
di rection indicated _byat Ee zfra'rrboléljvé iﬁﬁﬁg—"lflc?ufl)nq 219 hegaking raf rereuse - 27

in the vicifidry f16hg ¢rnaeve 2a of the heating el ement 2, an adhesive 9 is
applied. The heating-elenent 2 forned in this way is structured so that it

is inserted into the 9An tiveratelhg ~emdti bl ock 3 and secured to
each other. The adhesive 9 applied tage?tﬁgﬁﬂ]efg{c%rpnga%?gﬁ@ﬁt V3§WPHRApdnof a

car bon- base@dcsoisiamce whah itheoswesbad i1Hwedt Foxt of jcrystallized
carbon such as graphite and anor phous carbon ?Aﬁe%]o ea °eopjf%358%r‘ii gh

tenperature. In the fia dteadnbroglieeahenthBakQatg riddy 3 is, formed
of graphite having ? ood conductivity. Furtherrgore, L%Bn %gltg%:j's]ty é?ilo%‘a?rrent,

the i nt er nafNPB&d wAdth foff mbd.af das t1HWSE N WL Rey havi t her nal
expansi on cgfffi cient approximately equal to that of car bgﬁ.g"clq—’bnv\g%%igyot her

metal wirestt¥BchimesoPybaemem wire and titaniumwire, nmay be used as the
internal lead wire 4 if no problemoccurs in heat resistance in working
environments. The ext &r 932§ abuber &n8 vitsidlor the ofe 2t 1R Y BAQMAR W ?S- In-

ck 3

the infrar lLlamp of the_first enbodinent , the heat-emtting blo
is cl ose-fiel'Ej £®¥31§%aﬂﬁ€%F9e @ndh the vicinity of the end portion of

the plate heating el epent i ag descri bed above. In addition, the coil
portion 5 of the interfal ®fESFTRYeS £mbed@deddatihthyend pbetions of

heat - em t tig)gk R0k secured. thereto. In this way, the heating el ement
2 is electri ca‘?’: y cofltr@?éae%tc cﬁlﬁ"?ﬁtlé’r Raprneske dite bo th 2ride oilkesi ve 9

and t he heating element Tespectively and also electrically
connected to an external electric circuit.
With this structure, the emission intensity of
the infrared ray lamp becomes a maximum value in the

thickness direction of the heating element and becomes

negligibly small in comparison with the maximum value in

the width direction.

A heating apparatus in accordance with the

Present invention comprises;

a heating element having a Substantially plate



- 28 heat-emtting block 3. In the internal lead wire 4, the end portion
of the spring portion 6 , the wi nding dianeter of which is |larger than that
of the coil portion 5, is electrically connected to the nol ybdenum f oi
sheet 7 which is, enbedded in the sealing portion |Ic of the glass tube .
The ot her end of the nol ybdenumfoil sheet 7 is also :.cted to the external
lead wire 8 inside the sealing s :~rtfoh8lc. In the infrared ray |anp of
the first coibaperehhe whathear g ;ekenent 2 , the heat-enmtting bl ocks 3
and the internal |ead wires ?Ecgﬁﬁgét &8 ﬁﬁrgérfi & d st eknb8kopLh. - -
side the he‘watv¢etﬁ.mba=ntozglm§egube 1, an inert gas, such as argon or
nitrogen, is filled inside the glass tube 1 ,, and the end portions ( the
sealing portions 1 ofatgkagkagsple! lwﬁieh |ted and fused so as to be
seal ed. A Bart of the internal |ead wire 4 tH Meg§bingumlfcienshegt 7 and
a part of tREMBEEeAlLyl ezhMéde Snare sealed in the sealing portion Ic of
the glass tube 1. The infrared ray lanp of the first enbodinent is forned
as described above. Itvqleddotraded emyeha gl ghg first embodi ment
structuredtss descri bed above, when the infrared”P 9 fRAPPPE tlwme b HON by
appl yi ng a 151 9a38Sakubes ¢hecextienmnaly g@{%g 8 g{s osed at both ends,
t he heatiqgeghﬁnent-z formed of the carbon-base std €nds ledatthet to a
hi gh tenpera Egbéﬂﬁﬂy%nbfrbﬁpauﬁmﬁapycgndEgyggme the eating elenent 2
i s expandegd,in E%s | ongi t udi nal - 29 "' .rection H@f?ﬁF§im§%lmg, si nce
the spring por?l §% & ar eHternall |lebslvi-ie %if%{iévided bet ween t he
heating Lanment 2 angw%pg nol ybdenum foil sheet % ) “effect of ie

di mensi onal change due fothhé ékyamﬁureﬁﬁtﬁéméﬁfégkﬂ%s&%qent is

cancel | ed tiie tihﬁflcgpg&agti 03 of the spring ortion 6. a reégfi'?l,’ ?f is
possi bl e to prevent any 28ecB¥Balp Eéndhmgﬁxngmaﬁéaghggglyég£to t he

heati ng 'mahﬂmﬁﬂﬁ-@al§gn§g %g u%necessary bendi ng force applle§“?% %e
heating el enent 2 that becones RECLLYEY: Aigle ctiipat &£ €56 ngtheating

el ement 2edeentotart egk-5%81 t hi.gh tenperatures. . In the in rared ray
lanp of the first embodi ment h&*fediZidM¥1$mglhl dek cdnigy FELoRf g pmteri al
havi ng gobdel makimGint lu%ith%bis connected to the vicinity o' %t nd
portion of the heating el enen %W%?’iﬁgd%ﬁecctamnn-mﬁg;@b dhesiiyg having
good el ecd*fectdwdutogj vity. or this reason, in the infraredﬁray Fa?b of the
first ;nbodi nment, the contact resistance therebetween can be zade snmall

and the tenperatureAatethggcC ! portion an be |owered. Next, the
fitting condition of the hea’?i@%%’{ig%%ﬁltg 3Nahd figerebataeidhp Erdhock 3 in
the i nfr&Ehey viesppointhe § ivisd @r@ dijgent will be described in nore
detail. As shown in FIG 2, at manu ac?urinjqﬁe%ﬁﬂ°n compromises :

as
tep of forming a glass tube by forming glass
into a substantially cylindrical shape

a4 step of hermetically Sealing a subst

antiall
pPlate heating element, .

the width of which ig larger than

that
the center line of the heating element in the

With the center axis of the glass tube



infrared ray | anp, the adhesive 9 mainly consisting of a - 30 liquid

car bon- based organi ¢ substance is sufficiently applied to the end portion
of the heat elenment 2 including the groove 2a forned in the vicinity of the
end portion of the heating elenent 2. And then, the heating el enent 2
applied with the adhesive 9 is inserted into the slit 3a of the
heat-emtting block 3 to makggcl-ose contact therewith. After the heating
elenent 2 is made close contact with and fitted into the heat-emtting

by vedTicayisapadhedtie raxfénadgfagecofatheedyddndndrakby a sintered
substance mainly consisting of the carbon-based -substance of the adhesive 9
sindpkagitnghe glghsconbecsovas\to subs hedtiad ly dewdudetrtize heating el enent
2 and the heat-emtting block 3 are connected via the sintered substance of
targadiesi Vire 9dhapar high ofndute i heafing ekrmentsdnenilRii nent, by
formng the groove 2a in the heating elenent 2 , the area of the contact
arindeditechban fdieatepEnt 2 and the heat-emitting block 3 increases, and
the resistance of the contact can be reduced. Furthernpre, since the

adhesi ve 9Wddisi &hiAgSEF U ERr b(’ill\l%a%%‘ﬂi(‘)l‘:géﬂir@%%g&ance is very likely
to be stuck to_the heat-em’ttiegg bl ocl]<_ 3 forrrefl of gﬁaphite, t he adhesive 9
Bafdestien gfddle OAR RRJEPRBb R AL et tRE F&% i ng el enent 2 and the

heat-em tting block 3 is carried out.at their projected and recessed faces
?YM&W?%esgﬂP&QQ% Epet ﬁé"%dfﬂaei‘s enhanced significantly. In - 31
the first embodi.nent,_the el ucidatio e exanpl e ofi: 5
structure &eq'tlh%gnme’fo%\mgﬁg éPog\l}(%s%sazge(?(r}:r%gf?rﬁBtﬁgS@i cinity of %
e ortiop, of the i 0g t i inglar effect can also be
88?‘&1 e%n%ggﬁri P)lrﬁv%ﬁ%%hgr ggvgsﬁgar%gfgr%ﬁe%;e%%bgfﬁgifoaiﬂce or on both faces; .
an j .effect is obtained as the larger the nunber of the grooves is. -
?ﬁg'tp%eg}#'?gg%'enbodi ment, even when the cl earance between the heating

elenent 2 g ddp deatsafihbi 89gPhaek taves vy fdrmwe ®labsto 100 a m no
.difference occurs in the resistance of the contact and the strength of the
PaRY Y. shEXian®i a6l Pdcina net he@d1okhnldise connecti on between the heating

el emrent and the heat-emtting block of the infrared ray |anp of the

above- ment ipnegebi bFt IMEULgeEA! rdfite cohbacttidm bfoneen the heating

el ement and the heat-emtting block of the infrared ray | anp having anot her
gefua ¢t €nyi infmaredcrayed.idto aa pmferdeteegirmaneldanp having two rod-1i ke
heating el enments 21la and 21b, FIG 3 is a partially magnified perspective

guds tsdwiiag 1y semicctyfindnieeatli ahapeeohetbergxrbernedt §ag2ea and 21b to a
heat-emtting block .31. FIG 4 is a partially magnified perspective view
shrowhegiatettal Madw® Hithoeydcindgicnd akapiengfetBAedldss2a and 22b to a

heat-emtting block 32, in an infrared ray |lanp having two of the rod-1ike
fade ng@BRenment s 22a

a step of disposing & substantially plate

heating element, the width of which is larger than 1ts
thickness by five times or more, so as to be included in
fhe 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



- 32 and 22b. In the infrared ray |lanps showmn in FIGS . 3 and 4,
.structures other than those shown in the figures are simlar to those of
the first enbodi mrent shown in the above-nentioned FIG 1. As shown in FIG
3, the end portions of the heating el enents 21a and 21b of this infrared
ray lanp are inserted into two holes 31a and 31b fornmed in the
heat-emtting bl ock 3l respectivel y- angl connected thereto. The plural
grooves 21c formed in the heating elenments 2la and 21b extend in a

di recti ofbBedder#F cibRe -t o the insertion direction ( the direction
indicated by the arrowin FIG 3) of the heating elenents 2la and 21b. The
heating el enents 2¥hik® dhp aevahef@asunes taf nghel dokedtt bént aeei nfrar ed
ray lanp shown in FIG 3 are forned of sinmlar materials as those of the
above- meR® Fok&F ¥R rRETEASath aRAY, 1andhec2parasiad 9latmshe tseeond

enbodi nept _is formed of a carbon-based substance to beconme a m xture of
crystal Izpligﬁné:afr%n RAER 2§ Fumreandza taenr predsceatient wehlhebeed to a

high te er ture, |ust asd'n the case of the first enbodinent. In the

Vi Ci nitingg gFrtH’e“ fESHORG AR oRPPRE SR edne i@ dwéhi wdihenl heati ng

el enent s nd_2 t he plurgl groqves 21c t hree grooves in the exanple
shown inoéi;}%cqﬁ aggdng&%SF%Te?ﬁP%' zﬁgah,‘:“ﬁrSPé&Pé‘{f-%(ﬂQ%%%%géd f aces

are forned.j i cipities of the en - 3 ortions of the heating

el enent rs@giggg'ﬂﬂ?%%,kgh%nt he* ag relgiu\}’ecdfgi?g gg'ftﬂpcfiré‘?lt$§a¥&|5ﬂ%d to the end -
portions including the projected and recessed faces. And, the heating ﬁ

el enents 2l1la and 21b applied with the adhesive 9 are inserted into the

hol es 3IpRENE PEFSERIPPEOREHTEMHRAWTHJY ock 31 respectively and nade cl ose
contact therewith. After the heating elenments 2la and 21b are nade cl ose

contact with and ftriged 1i A0 of e difaty £ 14 h8G1RIOEhe3 Lt Al i g 20¢ heating

(firing) steps are carried out, whereby a sintered substance consisting of

the car btnbabed dsutiatenesic i gt ba taghast ¥on dob sahOl MBdarly 4 £Stlhp | N
heating el ements 2la and 21b are connected to the heat-emtting Bck 31

vi a the i naeced darbse andehofa therathesined dmBawi e higd peRduGit vity. In
the exanple shown in FIG 3, -since the projected and recessed faces are
fornmed invéntidiogni:nities of the end portions of the cylindrical heating

el enents 2l1a and 21b, the area of the contact between the heating el enents
2la and 21b and t hEllkeaR-t#ia miant baddly Bagnd fiined eadsed.sHawihgrtmee, the
grooves 21c are formed in the vicinities of the heating elenents 2la and
21b i n £WReELION RepEhaNc Afarthe hieatiner eillemeditt exndobheand t he

si nt ereq’[substance of the adhesive 9 is fornmed in the grooves 21c. For this
reason, et 7 eLHRE Roekek Shadinerrednrarel 2matshowal tadG. 21a and
21b and 1t_he heat-emtting block 31 of the infrared ray |anp shown in

FIG. 3 is a partially magnified view showing the
connection portion of the heating element and the ::
heat-emitting block of an infrared ray lamp having another ]
structure in accordance with the first embodiment of the
present invéntion;

FIG. 4 is 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



- 34 FIG 3 can be reduced, and the strength of the bonding can be
enhanced significantly. In the infrared ray |anp shown in FIG 4, the
plural ( three in the exanple shown in FIG 4 ) grooves 22c are formed on
the external faces in the vicinities of the end portions of the two heating
el ements 22a and 22b.. The plural grooves 22c fornmed in the heating el enents
22a and 22b are provided in a directionzuerpendicular to the insertion
direction ( the direction indicated by the arrowin FIG 4) of each of the
heating el effnthe2Rreseniopnviant2en:f or ni ng proj ected and recessed faces.
In addition, the adhesive 9 is sufficiently applied to the end portions of
the heating el enent 2F&Gnd 2802 f&londi mlewespowiiag etheamt mectasedofaces
inthe vicipjties thereof . On the other hand, two holes 32a and 32a are
formed in t ethFﬂeh‘iHIﬁ TR RS ROYE PTE EpR0vEsaB2bnire fed mealy hamach of
the inter nai faces O‘{ﬂﬂt‘ hese h?)‘lnes 32a and 32a. These grooves 32b extend in
a directi on-PePFERFARGF YIthn& iseePpdoempodineat @hether atdsent

i ndicated b ngggt%rnoyv in FIG 4 ) of each of the heating el enents 22a and
22b. The adhesrve I's applied to the heating el enents 22a and 22b

structured as describ bov d t.h atin | enents 22a and 22b are
inserted into the hol gg%zg Jg%c?a%faéto a?ﬁg ’H@gf‘i&ﬁ%q i hIrwing the
respectivel = cl n t therewith. After the heating.
el enent s 22%0§ﬁgc§§gﬁar%o¥rgggncIo(;%:gtlg%ni%c LRy hegﬁﬂ‘eﬂtt t%'aai & t he

heat -em t{igabl 8kt ¥ung $80 ALLI Atk Lo bl 1100 ) S1EDS, BT Gar L1 o

out, whereby a sintered Substance consisting 0O 19¥Be Gt ance
of the adhesjve 9 is formed. As a result, the heating elenents 22a and 22b
are connected to the heat-emtting block 32 via the sintered substance of

.the adhesive 9 of hi ghggondugtd bh@tiéi‘l&ﬁﬁai};ﬁﬁ.?ﬁiﬁx&t 's%fﬂ?“@hén

FIG 4, the projected and recessed faces are forne e vicinities of

the end pore¢émmechfionheaytiodr oFaltheahiad 6l £rEbnedda H0§ 28R and the
grooves 32b are fornmed in the internal faces of the holes 32a and 32b. As a
result, thérereaeni tithaigditoant olfeanektnf rlhe e abiynJafipeRBHiH @ 3d Ak 22D
and the heat-emtting block 32 is increased. Furthernore, the grooves 32b
are formed SHreatuyiecilm taesonfanice entithothieonseedntihenmadingnelenent s
22a and 22b and in the internal faces of the holes 32a and 32a in a

di rection perpendi cul BFGt 08 tire 3 paartiadnl vimagh i 6l e dTid esi Bheweith § Wisd ance
of the adhesive 9 is fornmed in these grooves 32b . For this reason, in the
infrared r &PHRFPLIRGWPATE P ofhdhaesheaiiaw oflehentomratt thet ween t he
heating el enents 22% ﬁnd 22b and the heat-em tting bl ock 32 can be reduced,
and the st?’fr?g'ihe‘ﬁ?‘ tHEDHEHAGE) FhArrRfEar &% rathdmen kayanig sdnitlly

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

.0f the present invention;

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



In the infrared ray lanp shown in FIG 4, both - 36 end portions of the
plural heating el enents 22a and 22b are bonded to the holes in the
heat-em tting bl ock 32 by using the carbon-based adhesive 9. In the stage
when the plural heating elements 22a and 22b are inserted into the
heat-em tting bl ock 32, the carbon-based adhesive 9 is still soft;
therefore, even when bal ance of the tengi2om or conpression force between

the heati ngdekem@ s i $n 4 ted, . the distortion is relieved until a heat
treatment for curing the aﬁgéigg BBFsieaﬁd‘@&@ﬂ.oﬁ'k@m i fearea awgss of

the tensi onemiteedPeressi PRef AL en the plural heating elenents is
made nearly uniform the aghes:a&g' @%’lﬁ%ﬁ ‘gﬁ]d:%rq;@rﬁ@eﬁmbﬁéimenes,ul t,

even when tdwedhpatitng 1) esENy§ 22 ngd 22b are heated to a high .
tenperature, the distortion of thg'rtae%éggﬁ gﬁ“"cdﬁ'ﬁﬁ%%sﬁ@lﬂﬁ@lt@ﬁalthme'

bet ween t hecerettalg pRlrai sy So #0€$ NG, 4 se _to such extent that the
heating el ements 22a and 22b are br gk%%fgéggpﬂ:@é’uc]ﬁfbptﬁ(f itdfe atiirday | anp
as descri beontaddimenitt; i s possible to easily create a long-life infrared
ray | anp having plural heating elenents 22a and 22b sealed in one gl ass

tube. In the infraredany (anpsshorg, i poF . and 4, simlar effects
can be obtained regardl ess of whether the ngggséfgldﬁﬁé§2§WQﬂ#ﬁ@ fR t he

heat - emi t t ARETA%RESTEY barp32naaedovauighe hol £5 9%8&9@}{‘%&3 oles wth

bot t on) . <<\%econd enbodi ment>> - 37 Next, an infrare ¢Rt
accor dance® 'FH?aP%%éeﬁ& tnveditient, ahd parpr @gg&rgfipgl@ntliéngsm be
descri bed riferrlng_to t he acconpanyi ng draw ngs. Fl 575%7a %I RFew

show ng thg ﬁMw%h%EBPEy | anp of the second enbodi ment in accordance with
the present invention. FIG 5 shows both end portions of the infrared ray
| anp of the second e g6t n%e?ltiSSian@eaﬁSpecemtréalvmtgggwlg_qﬁ_’ atﬁ:gnti nuous
structure EE?%-%Ik?g both end portions) the , central portifon 1S not shown
in FIG 5. 64 53 paAFPi R IacregArhcedwpehspRE  o@r ¥ hednBBAWLAG, £ he
connecti onggopgigt i %nesbet%\een a heating elenent and heat-emtting ocks in
accordance Wi th the SocohdTBHESdiiRMt shown in FIG 5. FIGS. 7 and 8 show
ot her structures of Qgtiqfrfre %aéslgﬂg of the second enbodi nent, and are
partially magnified %erspe5¥|¢% vf & wkHigat B apdt fetdswahgt ke onnect i on

bet ween t hei He2t bad 1€)£ nd.the heat-enitting bl ocks. The infrared ray
lanp of the second embodi men (%F:l %&%o‘fﬁgﬁ%i\ﬁm R K eprgsmareaveayison has

a plate heaiitgeg! orERt 31 twossplit _heat-emtting bl ocks 33a and 33b.
Since the other structures g?qfﬁgg%éfgh%agﬁﬂﬁﬁﬁﬁéhfoaﬁéﬂsBmhqﬂiMGnthose of
t he aboveamhtpaned (bi)yr Jr eFpgdi Agnt,, their. explanations are omtted. In
the infrared ray |anp of the secgﬁd heedi FRft cross section of the

central portion of the infrared ray lamp of the fourth

embodiment;

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

infrared ray lamp in accordance with a fifth embodiment

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

view thereof;

FIG. 16 is a pPerspective view showing the

infrared ray lamp in accordance with the fifth embodiment

of the present invention;

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



t he heating elenent 23, the heat-emtting blocks 33a and 33b and the«
internal lead wires 4 are sealed in the glass - 38 tube 1 as shown in
FIGS. 5 and 6, just as in the case of the above-nentioned first enbodi nent.
The internal lead wire 4 is connected to the external |lead wire 8 via the
nol ybdenum foil sheet 7. The plate heating el enent 23 sealed in the glass
tube 1 is formed of -azgarbon-based substance consisting of a m xture of

crystallized carbon such as graphite, g res¢Eshargeradisue adj ust nent
bsab-sxram‘aﬁdoﬁn’bhﬁhbuse@@rm.ofl'h'ff?’ﬁg’;atﬁg el enent §l23 has a pl ate shape

measuring 6 mmin width, 0.5 mMmin thickpgSsnesdireatymin length for
debaep| e 1R Trredara Y tianp Qﬁo‘éké”-g?%z; and 33b are forned of a conductive
material _and electrically connected Lo greteieh 0bft eheati ng el enent 23 by
ry fdthRE d€36ri Beld $%?EF.PRQKF¥°ﬁ5¥%ion 5is formed at one end of the
internal lead wire 4 , and a sprin pt io theéagigghel asticity is formed
1t BOdvk ¥R ?ﬁet&ﬁIi%%FPFéﬁfiaﬂslé%omh in FIG 6, inthe infrared ray |anp
of .the fourth enbodinment, grooves 23a and 23b are forned in the top and
mEHtiom faces of the end portion of the plate heating el ement 23
res€§§tiéﬁly. The_grooves, 23a and 23b exhewdnon theli recti on perpendi cul ar
to ‘| SRgitTdF nBFTFRRTETBR & e heating el ement 23. The adhesive 9 is
f.fi.ci.ent i to the vicinity-efrederand goptdarsh of the heating
9@%&h§%&gggi¥ﬁgﬁgbiﬁgtVﬁggb%angagE£23a ang 23b. In the end portion
FP82LIENG @ﬁy ' il Of at - geEat A IbREPRI &3S and 33b ar
_\P/?a @ 9'% t ee%gﬁggi ggaé:%g\#%gkhi gh conductivity so as to att ail R
ogh@gdg(ﬁqtﬁogngggfw.emggdyyg§£y&éﬁﬁﬁ;?Qﬁnﬁﬂeéﬁﬁ$cafbon-based subst.ance .
that is converted into a mxture of crystallized carbon such as graphite:: " .
iand anor phous carbon when heated to a high tenperature. The heatem'tting .= = =
bl ocks 33a and 33b are two bl ocks having. _sinil ar ﬁgape, i.e. , anearly
SenFITGLculoari shappers pe dsHvEeGiiiedsr  an hoyiiRg b graphi te havi ng good
conductivity. i=v:-"; In the second enpodiggn& laﬁﬁeaﬁaternal lead wire 4
ohalf peied infn shiprgsteeen £RehaRiERg=F e nhl Y exBaRsTon , coefficient cl ose
to that of carbon. However, other netal _w.res, nmol ybdenum and
Exaredi vAywiredd ec hynbp Lased ofs at he%?n?%\reﬁ%éﬁ?|aé’§fiwb€§s4 ,"if no problem
occurs in heat resistance in morkiqg/gnvéﬁogw@ﬂﬁieggﬁtexternaI lead wire 8
ordangenewii bh a msewemiehuembiodd. mesidescri bed abdve, in the infrared ray
lamp of the second enbodi ment, the heat-emtting bl ocks 33a and 33b
188ndwi ch the vicinity of the end portion of the plate heating el enent 23
via the adhesive 9 so as to attain bongdig&hdwthessare, the coil portion 5
of Fh&-iaPelfa? DaBELiAL ¥iew shawind Ti ghtly around the heat-emtting
| ocks 33a §$g§33b and secured thereto.al sohlvientibgnalhe heating el ement 23

r§38 &th% c NGttt BATEG % hePfnternal lead wires 4 via the adhesive 9
n heatem tting bl ocks 33a and 33b. In the internal lead wire 4) the
e@n%%?ﬁ’@ﬁ' of the spring portion 6, the w nding - 40

: ture
FIG. 21 is a partial view show+ — 9 the struc

, onventional
lead wire taking-out portion of & c

aled
ed ray lamp wherein two heating e].——=—ments are se

lass tube;

) - - a conventilonal
FIG. 22 is a plan view showir: =

ed ray lamp;

in the
FIG. 23 is a perspective vie=~ showing

tional infrared ray lamp;



di ameter of which is larger than that of the. coil portion 5, is
electrically connected to the nol ybdenum foil sheet. 7 enbedded in the
sealing portion of the glass tube 1. The other end of this nol ybdenum foil
sheet 7 is also connected to the external lead wire 8 inside the sealing
‘portion. In the infrared ray |anp of the second enbodi nent , the heating
el enent 23 , the heat-enmjstting bl ocks 33a and s 33b and the internal |ead
wire 4 connected in series are ' inserted into the space inside the
heat - pagitst@d} gkagIqdubps Akt er Jraphnghamwimegrthegas, such as argon or
nitrogen in the space inside the glass tube |, the end portions (the
98t fen pOEtyens¥ thet hat@msstyub€ ther énfelareldandysused so as to be
sealed. A part of the internal lead wire 4, the nol ybdenim foil sheet 7 and
ttadaftomf thee deingl ellembenik r e£8 tivee cenveatilonab sealing portion of the
gl ass tube 1. The infrared ray |lanp of the second enbodinent is forned as
radest rdyed amoy@nd paie () raf FLG ay24 Hevs the @8e8Fd enbodi nent
structured as descri bed above, when the infrared ray lanp is turned on by
tiapplof mhe eehtawsl aevtionhe foxilg nhnfrad®dhiF2¥ B2PPFIG 5 ) di sposed at
both ends ( the heating el enent 23 forned of the carbon-based substance is
wohelnt eBiIEe @30 gh tenperature because of its resistance. Even when:the -
heating el enent 23 is expanded in its |qn iiudi nal direction by this .
heat i G si 2Belth@ RAFRECFSAYDNY ECYT sﬁ’rﬂg" ﬂ?e?:ﬁ‘zﬁ lead wire 4 is provi
" between the heatin and .t he pol ybdenum foi |l shéigss

_ _ g - 41 elg nt 2% a X _ E
itdionadi sRAIRERMIRIBUL &I AR g%an"srf Fa5F% Féheating el ement 23F
absorbed_by the contraction of .the ' rt 6. As a result, it is
legisteB BLF%eprae‘&‘/‘ianL&nf'rlﬁﬂ%’éggsgra E%‘]ﬁ@gng' oﬂrrgg from applying to the-
heaii ng.el.ement 23. -FQr {thi.s.reason, no unnecessary bending force is
v B*?Eglt &r{%a_xﬁgét irﬁge %hrréht gg@ot hat is brittle gt hi gh '?errperatures, and
t he hspggd‘_j_{r;lg(gl)er@ﬁtggé dggs irgotabérrgg?ihevgqb@gngi Ghd enperatures. In the

infra ay lI'anmp of the second e ment, the heat-emtting bl ocks 33a

AL 2380l SUIRE Ufe @ttt ehshaw Re qondl Blephred gapductivity are

connected to the vicinity of the end portion of the heating el ement 23 via
48 £RsRoenbRassd vadhesb g1 haniFra @D d-£f exdmpcpeonddeid vity. For this
reason, in the infrared ray |anp of the second enbodi nent. the contact
h '&si Phapaesrde feeneaschn apllatke stenper ahUFEGat 25he connection portion

ed

can be | owered. xt, the bonding condition of the heating elenent 23 and
. paetheal) & tFiey hlooakso@sa tved G3bssnselvt ioir afedheay | anp of the second
enbodi mrent will be described in nore detail. As shown in FIG 6, in the

. trairpsedibayoFatheoinfirarsst oay dammlisheann ithd Iy odkes 23a and 23b are
formed in the top and bottom faces of the vicinity of the end portion of
t he hehtiwgldl deemeoggniizeddtieafvsoneg RFe@ll of the

mures are schematic representations for purposes of

ustration and do not necessarily depict the actual

ative sizes or locations of the elements shown.

;T MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of an infrared ray lamp
1 an infrared heating apparatus in accordance with the
;sent invention will be described below referring to the

companying drawings.



- 42 of a liquid carbon-based organic substance is sufficiently applied to
the end portion including the grooves 23a and 23b, and the heating el enent
23 i s sandwi ched between a pair of the heat-emtting bl ocks 33a and 33b and
bonded thereto. After this bonding, the heating elenent 23 and the

heat-em tting bl ocks 33a and 33b are dried and heated (fired), thereby
securely connected by the sintered substgnece fornmed of the carbon-based
substance of the adhesive 9 and having high conductivity. In the second
embodi ment , BF ifmstriembedamgmdokes 23a and 23b in the heating el ement 23,
the area of the contact between the heating el enent 23 and the heatem tting
bl ocks 33a and 33b i nEf€asésiswhcfEDD tt Ndeveshmwhng bhet Ré rowttwce @fn be
reduced. Furthernore, since the adhesive 9 formed of the carbon-based
organi ¢ suldt dRdF3Led F3Y 53wp \i 7 daresdanket witheahbhr sgnembodd Merocks
33a and 33b forned of graphite, the adhesive 9 enters the grooves 23a and
23b, and tF Bﬁfﬁi%e%gPﬁeéﬁvtedbt%%tiﬁﬁdels@m tize amETERS Ureataritthe ng

bl ocks 33a .and SSSFis carried out at their progected and recessed faces,

wher eby t hé-&49 H{TR &R TORG RETitd AharE e dmfiranndl yay A amw.
second enbgﬂ%¥en%, #hessh; ture.wherei,n the ngnber of the grooves forned
in the vicinity of th¥%e éﬁ&nﬁ?%nPBF $1e2f i hfeelayFRred ravodann

| ai ned ' : fect I b bt ai ned if
obral "o S ThEEIR € MBRRNTen £l £108R 438 AT SR Ian KRR &
hi gh ff i i i . Jn th
Cedond enbosnLEnaBhE Wb AecaRe MU Rl D ORCKRR M EERE 2. ic0th ng”

bl ocks 33acuitsS3R Byt U Es AR aiowAS @ result, unlike the case of an
assenbly process such as a fitting process, it is not necessary to

accurately place the Aeaihsgneianerig.and tihe t'?f‘é‘trr?f%&%'agr. ég‘i‘(}%mﬁ‘;oafsi y

predeterm ned positions; the assenbly work can thus be carri

and the coshelt f oelusriboALmdM e d edwetng SNeeGAM Y ndd G ekt 1
partially magnified perspective views show ng anot her structure of tHhe

infrared r sldcky dfahdeiseeamt embodd wiresand s50Vse 2Ne8XARPLE qafa dhE
nmet hod of the connection between the plate heating el enent 23 ang two-split
heat - emi t t itmgpebl beksTBdaiane Bl Deashowire N4FEG don@eB@ess t3aaand 23b
are formed in the top and bottomfaces in the vicinity of the end portion
of the hea@Pﬁ@@@hﬁ@aQSWiﬂﬁe &yriley e ehyhAemigh fxiknshieeta 7di r @tid on
perpendi cul ar to_the |ongitudinal direction of the heating elenent 23. The
adhesi ve 9PiGtRedesting edemerbrbssadatd othendtassbsubeck lissformed
sufficiently applied to the end portion including these grooves 23a and
23b. On t h@%otheF2RBAR PR SRH | HWLE tHNGE peppEdss By | 9 £f & sk bureach of

t he heat-enittiqgkfiocgs-34 and 34b at a position for sandw ching the
heati ng ol et dklizgfd 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

coll portion 5.



- 44 addition, a projected portion 34c is fornmed on this step portion 34d.
This projected portion 34c is forned at a position wherein it fits in each
of the grooves 23a and 23b fornmed in the above-nentioned heating el ement

23. The heating el ement 23 structured as descri bed above is placed between
the two heat-emtting bl ocks 34a and 34b and bonded thereto. At this tine,
the projected portions 34c of thedeat-emtting blocks 34a and 34b fit in-
t he grooves 23a and 23b in the heating elenent 23. After this fitting, the
heati ng el enentA23kownt ha Fdat - el t thagcblidckp@dtiand 534E atkkedri ed and
heated (fired) , thereby securely connected by the sintered substance
formdatgrnak tardoniszsetl $abwoamce tighhdyadirestive 8uded havi ng hi gh
conductivity. Since the second enbodi nrent shown in FIG 7 is structured so
t hat PeFELphefadt Eacgoprfi e beatofembbthag: bdfick ihEdlaskeo3da and 34b fit
in the grooves 23a and 23b in the heating el ement 23, the area of the

cont 8E Pt herhl¥heoRBRGHRA dihareto23 '5%& ERE iMehtrBRt £0nnG ®focks 34a and
34b increases, m?e eby the resistance of the contact can be reduced. In
addi theh 10 ercra hLeBéo]”é&'teed b filGRosed awpy £romhdhf QE_T23a and 23b,
t he bondi coEdition b t\é\Een the heating el ement. 23 and the heat-emtting
bl oc P& eRa135B98% 2% nthadheatve™ Bt fed A 6ng, P¥hé& eby the strength

of t%%é’é%%?ﬂih%d?@%%%ﬁ%%e and is structured to expand and

contract so that the dimensional change of the heating

element 2 due to ifs expansion can be canceled and
absorbed.

At the sealing portion 1lc of the infrared ray
lamp of the first embodiment, the internal lead wire 4
inside the glass tube 1 is connected to one end of the
molybdenum foil sheet 7, and the other end of fhe
molybdenum foil sﬁeet'7is connected to the external lead
wire 8.

FIG. 2 is a partially magnified perspe;:tive view
showing the fitting condition of the heating element 2 and
the heat-emitting block 3 in accordance with the first
embodiment shown in FIG. 1. As shown in FIG. 2, a slit
3a is formed at the center of one end portion of the
heat-emitting block 3. On the other hand, in the vicinity
of the end portion of the heating element 2, a groove 2a
extending in a direction perpendicular to the insertion
direction of the heating element 2 (in the direction

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




- 45 The structure wherein the grooves are fornmed in the heating el enent
23 and the projected portions are forned on the heat-emtting bl ocks 34a
and 34b is explained as an exanple in the second enbodi nent; however, the
present invention is not limted to this kind of structure; the grooves and
the projected portions may be fornmed opposite to each other, and the nunber
of each is not limted to one. FIG 8 ts27a-partially nagnified perspective

Vi ews show Ll r.structure of the infrared ray |anp of the
second errbog%mssénﬂtlé,vgﬁghgﬁ: e h@‘?fe?ﬁB&V@f iheoobhecheat ing wekemanpl at e

heating el enen oShliL _heat-emtiing blocks 35a and 35b. As shown
in FIG 8, at tﬁr%égﬂ%%&t%@&gsi épPgaﬁe@ i r?‘l't?] &A i ngiglementie2 dinirpedt i on

.of the heating il ERRRF 1% ive 9 formed of a |liquid carbon-based
organi ¢ substance | s sufj%? cﬁte%lg]ﬁ?f/ag%%fls@dt &t f& dSdipsantrdiirtadthg this

t hrough hol g134a.3 0 # heh Othes+ ) Il owe tep_portion 35d is forned
on each of the heat-enitting Io%&g%t?arbgn%fggg ata d§&cusd fiep each
sandw chi ngotdeeati ng el enent 24. In addition, a pro jected portion 35c
is formed on this step portion 35d. This projected portion 35c is forned at

it wh S0 it . 4 med. in th
a position erein it Thd SsadRekhed Iy lbghet% %Jeoaﬁiain ﬁ'ﬁﬂeéht as

above- nenti oned heating el enent 24. The 'heating elene B8 &

described 2-i46fezhedeoifsaseatvonharh Hed VAeHs t BE ckepigat weqittin
bl ocks35a and 35b and bonded thereto. At thi sst?ng%m?ﬁggr%feg?gge&%?qons

35c of the hadwo samiixtngebdsoksyshalandisd ddibd 242 in
the heating el enent 24. After this bonding, tf]lfab%ﬂ;t%% ggrf%%tﬂ%ga

t heheat - em pRMRPFPhS W kc@Bhoanwhish s st ddi €4 anﬁifmat@;ﬁ%éfs%ré hergby
securely. connected by the sintered substance forned of the carbon-based
subst ance ofPehEAFREsPRboGiaen having Hegh- emaduainiy/ 163 NCe st BErmeq
enbodi nent shown in FIG 8 isstructured so that the projected portions 34c
of theheat - 8hi BEARP IS REVEDY GRP@5pohiduGLwheyt hr Pugbhbehrada i it he
heating el eggnt %4, the area of the contactbetween the heating el enent 24
and the heat &nf tFEigEMPAGLmERt anghesp nitedmak cke adhet eby4t he Fosmsi@nce
of t he cont %gq:rhnlpe {educ d. In addition, since the projected portions 35c
fit in the through $iot 8P 2%ar ethavVeBLdpt tharprlt aspeosdion dus fittolthe

heati ng el the heat-emtting ::::~, ,a blocks 35a and 35b via
t he adhesi \%% gl" 8%@3%&}15;? roRge e*b‘}alghefsﬁwrh- ofHeWevbandiakthes

enhanced. Thershr e in_the.through hole and the projected portion
are circular and ?Eggﬁdnb\%{ra&gfgsea@ﬂl?’gd%ﬁﬂw SYERBI épﬁeﬂietsalbifﬂf@x@hpm in

the enmbodi negy pEQ¥E4G hG i 8; r,. fhe _present invention is not
limited to th & kindoot® Ethr%‘u%tﬁﬁﬁgﬁj\,ﬁ/‘iaeﬁéngeh | %2R RFCPBY &M occuns

proj ected paf hiedt e iUHtesh Q8 4 nd plural projections are
used and if they can t;Le fitted %r@o%g%ﬂ%ﬁgFgP&epne%hplﬁ?e SXHgERALS f ect

as that of ltewd abdye- gerild oNeEmeALRE ENho £684g L pgd. Furthernore, it
may be possible to use the structure V\/neroeig Qﬁyg{)h"g“ﬁ?bj ected portion 35c

shown in FIG 8 is formtthed Nh@rea et r3haD8mBSo & 3RD2Y RS 1 g 2
through hole is forned in the step portion gSC()j of eaé%lsgtfgtnﬁ(eé%%e"g?qrerﬁtti ng

bl ocks 35atz§‘rﬁjh3@l§withm-ngﬁelooﬁ-3iﬂ@cpb@jeﬁcﬂfﬂt@ar\}igqﬂéaid@ieegf\ﬁg into
the through holes in the heat-emtting bl ocks 35a and 35b and the thorough
hol e 24a i f tRethealifgndltemaf thie alldipohtsont ofictheeplbhe Realragtting
bl ocks 35a ind 35b can be processed easily, and the cost of production can
be reduced® ement 2 as described above. 1In addition, the coil

portion 5 of the internal lead wire 4 is wound tightly on
the heat-emitting block 3 and secured théreto. In this
way, the heating element 2 is electrically connected to

the internal lead wire 4 via the adhesive 9 and the



The heat-emtting bl ock formed of graphite having conductivity and an

el ectrode termnal function is explained as an exanple in the first and
second enbodi nents; however, the material of the heat-emtting block is not
limted to graphite; various materials having heat resistance up to 1200 ,
good el ectrical conductivity and good thermal conductivity are applicable.
Since graphite itself is lowii 3 har dness and strength for exanple, various
material s enhanced in hardness<48nd strength, such as a material obtained by
mheaty- émeahi o) igrid ol W th graphite and by firing
the m xture, gj__-p -lﬁgﬁ ?rat e?fla?h%bfl'gﬁ:ﬁeerﬁ%§ %ﬁaflnquclegs%- Ith& carbon to

genmiptoa-taﬁdnbyfftmgngpgh_gfdowll{%n @nqk%@qﬂiﬁggngcﬁre appl i cable . The

present invention has the ow ng effect as made é—fgf“ % he

abdvormeoh i dsed degar! ehaXptRas! bt Lheaf ol ABd secqud embodi ments.
I'n accordance with the present invention, the Heating porti Shs can be '
pradesploalam flamingoaed e akhaondiry sl (11 £ LROG,L 7o, whereby it
is possible to obtain an infrared ray | anp having high reliability and | ong
| whé.clTHes iemmpadde d dyn It ofalhagppesaton nyenékoghgsgg_ g deating el enent
formed of a carbon-based substance and fornmed into a ro M Ke shape instead
ofubife conviie i obhk It emghich tpé rabl bR foandshBed B nared ray
em_ssion rate of the rod-1i ke carbon-based substance is hi {}h 78 to 84%
fBl5thi s reasdrd the ther extermglediessi onirat 8 afndiwei phkared ray lanp is
~high.. Furthernore, since the rod-1like carbon-based substance has a negative
- t8 Ure*EhdCactfi stic wherein the resistance lowers as the tenperat
rises, it i "P% Si?le e to reduce the rush current at the tinme when the P
infrared ra;s/I iﬁ? pEmar e &dghil ampyefittve fisr s uemdsb ddmeftrt her nore) si nce
t i pt.r r | a f e present invention is structured such that the
hgglfaeﬂ‘ifetatq{iﬁgg befa:é/o%'ﬁgrqﬁagi' n{jﬁﬁogﬁa('fdﬁﬂl}c‘%?%PSybéP§klﬁor3deddt bhehe end portions
of ~the | bon-based heating el ement, the resistance of the contact
b%?we’en t géhéégf'ﬁ%ese e?r%ﬂf’ecbc-ea‘ilén SfHlefeaReatnearteidngnbbocks at the

tige of heati, enreduced, . and tenperature increase can be | owered,
wher eby it is‘gggs%gireﬁﬁ%ehte%dcsirg%ﬂﬁgéﬁtﬁ ﬁmﬁe@q Re PBIFR®EEity of the |ead

- Wyhe,i Bakal hatl Opt Furthermre,. the infrared ray |anmp of the
\S‘“r;esent i nvé%t?ggoﬁaétrtﬁgigtoﬁ%% U?Lesm\%ﬂg'rje?ﬁ itrh%lﬂ?of]éﬁt%éaﬁﬁd recessed
poabeods ana fREELa d-Li rbon: baseq heati ng el enent and
the heat-emtting bl %ﬁl@g%&%ﬁg?\l gr?gé'g'lgﬁfﬁ?]ﬁganﬁiqao h&®8ar bon- based
aglhaesisveutiechusee OhelLitied Hid/CAwé€a EBEast tNEH sﬁéa.{gs.boﬂ ng portions

di
of the infrared ray | anp of the present invention becones high.

Poarher fortes isitrwenahel éad-wike £ArhRNRBIGhAERLL G0 PLGIRIL, AN Lhe
adhesive for joining the heat-emtting bl ocks are forned of simlar

matdid &2 paneiof ttize nek texparisilenad oaifd @ eite UL @hMstysb M | ar, wher eby
it is possible to provide a highly reliable infrared ray [anp not causing
a2 hdBgdeers isncte f brleakaes sdtubeglon- Thie Iwfrde@ ration for a
long tine. Furthernore, since the structure wherein the rod-1Iike
c‘a?‘ﬁ%rﬂ%e?sféﬂ HHeait e dimentand formedhasmiesicnd B delbows e bonded by the
fitting due_to, t he engagenent of the projected and recessed portions and-by,
usi ng the cﬁPbB’Hgb]aEEg @b SiaVe lpmpy9&dthe £hesprembodimaention, it is

RASSY nhance rkability and to raise quality at the time of the
bondi ﬁgﬁr%%l %Sa ggrc(f\éhm%%gv@?ﬂvtx‘heWH@PhBHeo#nﬁF&ﬁR# RRY Hamp

is turned on by applying a voltage across the external lead

Wires 8 disposed at both ends, the heating element 2 formed
of the carbon-based substance is heated to a high
-émperature because of its resistance. Even when the

eating element 2 is expanded in its longitudinal



+

- 50 infrared ray |lanp of the present invention, it is possible to obtain
a highly reliable infrared ray | anp characterized in that its power
consunpti on does not change abnormally even after use for a long tine, and
that the heating portions are prevented from fusing and breaki ng during use
for along tinme; furthernore, it is possible to enhance workability and to
raise quality at the timneo,@f the assenbly and bonding. <<Third enbodi ment>>
Next, a third enbodi nent of the present invention will be described
rbBkalgr Ny tthiSenaseampanysingerene ngpr idgwpertioheénaferi al s, si zes,
production nethods and the |ike of the enbodi ment described bel ow are only
e CXANRIrea Priad £4 Pl eef ar 1anpevivddedrive biveene flveedeeatindention. The
appl i cabl e range of the present invention is therefore not limted by these
Lefdapleandatie (m) lpbdeln@m Foklasheen Viewheffigchnofnfrared ray lanp in
accordance with the third enbodi ment of the present invention, and part (b)
Lei dimehsdriinal ehdamee sidie o thoderipans ke of0the hepkiBFecti ve vi ew showi ng
the infrared ray lanp of FIG 9. However) since the central portion of the
Lemeirtar2dis agahged ledh e theeFONddR¢ EHATH T N &eSPBLPZns shown in the
figures, the central portion of the infrared ra\‘/’I np_is not shown in
ordilidrer6 of Aseaf rgawkt. . ThE A% RLBILPLE IHpPEF tH¥d enbodinent - 51

conprises a substantially cylindricgal, glass tube 301, .metal. foil sheets 305
angaeRRiREY Repstinenfopset iﬁﬁ&m36283€f“g$i§°g|t BeBE1381 ) a heati ng |

el ement 302 hernetically sealed. insjde the gla e 1, heat-em
lepiegtk 2 30F ey Utrbn%%‘?ﬁs@ﬁé’ B&nt‘ijcd)'hg ‘g?rgﬁegﬁgg%%ﬁg%g’l ement 302 M

internal lead wires_304 for_connecti h ~em4ting blocks 303 to
hepteatinpg egr?é'é?%ts% P%%f%%?@?ﬁalb%% i\(/avi %2{: kgg%ﬂf or connecting the

metal, foil sheet rpak el I Cp£bh&UL The glass tube 30l
eMReX /L HEF Syt gheaﬁfegggf"ggs.% "géq(lzgl?né?i%cs:ﬁ;{)%r?f%%ﬁo%bfﬁe gl ass tube 301 is

“ab i ide dianeter, about 1 nmin thickness and about 360 mm
t %nfﬁnégwg%%"ggé?i'ng portions 301c at both ends of the cylindrical

portion pg e Ragh fH el ﬂaﬁﬁ 9 atPb @l €n& ePes tambeaifmesan gas having

atmospheric pressure is fillled inside the cylindrical portion. The heating
hEheBNegPLthsd BLlR%k 8f f8rmed of a material having good

lectric conductivity is.connected to the vicinity of the
nd portion of the heating element 2 by using the

:arbon-based adhesive having good electric conductivify.
or this reason, in the infrared ray lamp of the firét
.mbodiment, the contact resistance therebetween can be

iade small, and the temperature at the connection portion

.an be lowered.

Next, the fitting condition of the heating
slement 2 and the heat-emitting block 3 in the infrared
cay lamp of the first embodiment will be described in more
jetail.

As shown in FIG. 2, at manufacturing of an

infrared ray lamp, the adhesive 9 mainly consisting of a




car bon-based substance consisting of a m xture of crystallized carbon such
as graphite, a resistance val ue adjustnent substance such as a nitrogen
conpound and anor phous carbon. The resistance val ue adj ust nent substance is
m xed to adjust the resistance of the heating elenment 302. This resistance
val ue adj ustment substance is used to nmake the resistance value of the
heating el ement higher than that of gyheating elenent formed of only
car bon. - 52 The heating elenent 302 in accordance with the third
enmbodi maiiqubé Gapbens HEYE bagand @ shbskaesse t16f sQfFidientMdth T of
1.Om (= 2t), 2.5 nmm (= 5t) or 6.0 mm (= 12t) and a |l ength of about 300
mm  Howenpasl i édet ltdiee e piolt B erehtt i A dwy igigeme wtd2 hidc Dédéng mm (_
12t) is shown in FIGS. 9 and 10. The heat-emtting bl ocks 303 secured to
bot h endhmrdrooseolat ffexwesad | ing thenedic iRt ar e £f aheederod poeadlboan- based
substance simlar to that of the heating el enent 302. The shape of the
heat - emaft ithe HexkiB§3ehamentsithst dntd dihgncykhedhecd i sgnapkemanitng about
6 mMmin dianmeter and about 20 mMmin length. A slit 303a, in which the
| ongi t u@ P kheldpeltihokhef adiehdyei 9g 16 epper2eids dintserthd, sidtfornmed in
the end f ace 303b of the heatemtting bl ock 303 opposed to the heating
el ement 332 5othe heajaemittdngh bhaCkent &0 mMajee hedoisey ePREBAL 2 s
fitted into this slit 303a and secured to the heat-emtting block 303. The
i nt er nalthe@Withe 3BEted \ihmdrepsing eteusat: e tenthrde $r2$9n of the
cl ose-caontact portion _304a. The

Esgtsse;né%{r; 4 ‘é{?l‘g EBSg‘%dt }fg'e%gggiﬁ&gt iri]:g(faﬁ}%%k‘§5‘§-ﬁ*si%%fw‘8f:§nl3l'y | ar ger

or ot o GAVERE SR MR nbALF LR TE8| CRITESTAPHE o RS HEAR ori tt i ng
Che: heat i et ERusyB5Eah e nd iy o SR 6 Eitrls ok WHe (ERSGATBRSKY 1 O\ gn

hoat goriith FAfEE s (Hits Ahd ey D30 0 rB AR e bGP RH AL £R1 058 | |

smal | er sthag, LRal , at Akhg headung e_ltmeri{eé@zn@n%af@géhei bl & ¢ggcri bed

later. I'n addition, although heaf i's transmtte romthe heating el enent
302 to tHwntheahielihld L bERCK 30 dBhelitddiarNgatnies S tdedaf romthe
surface of the heat-emtting block 303. As a result, the anount of the heat
transm tdutss f 406t bE Rand - 2ahebiive M agkv3ay Ui gheconldidwiviesad wire 304
is very scarce, and the internal lead wire 304 is therefore not overheated.
The internal |ead mreh808irs tf embd e, ybgesobnoind UFRet §hooaed i s a
conductive wire of about O . 7 mmin dianeter. The internal |ead wire 304
has a s@a ah tive hgrotingre BéMbntal | Miieng riewe ofl the-cont act petweem 304a
wound around the heat-emitting bl ock 303. The spiral coil portion 304b is

| ar ger tthen héetingseleomentt 2pend cdrhg@Ongat-embytibgutblE&ktd 1.0 mMmin
dianeter, and is provided so as to be coaxial with the center axis of the
heat - emitGFRAHLSeck aBOB. thpergsilisfianes | oot rcanipcts B pBged away from
the side face of the heat-emtting block 303 by a predeterm ned di stance so
t hat itr(%ﬁP%ﬁﬂand and contract like a coil spring in the axial direction

of the heatemtti bl ock 303. In addition, _one,end of the intern | ead
wire 304 is seculrgg'”fjbgﬁﬁgmﬁeet'alsqfrbcf?l I SARBIKS 3r‘f%?ﬁ§l.tlﬁ&gf’ e tine of

assenbl X:’hé hc?af}%gtgglseldeaodr&flfé substance is very likely to be
stu_ck to the heat-emitting block 3 formed of graphite, the
adhesive 9 enters the groove 2a, and the bonding between
the heating element 2 and the heat-emitting block 3 is
carried out at their projected and recessed faces, whereby

the strength of the bonding 1is enhanced significantly. In



- 54 304 on both sides are pulled so that each of them becones | onger

about
wher eb
third
net al
the in
heatin

3 mmoutwardly in the longitudinal direction than its nornal
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showi ng the distribution curve of the intensity of the infrared rays

Next, by using the method of the connection
between the heating element and the heat-emitting bloék
of the infrared ray lamp of the above-mentioned first
embodiment,theconnectionbetweentheheatingelementand
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 of connecting the heating elements
22a and 22b to a heat-emitting block 32, in an infrared

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




emtted fromthe heating elenment 302 of the third enbodinent . Part ( b )
of FIG. 11 shows the cross section of the central portion of the infrared
ray |lanp of the third enbodi nrent having the heating el enent 302. The x and
y axes shown in the part s ( a) and ( b ) of FIG. 11 are orthogonal
coordi nate axes on a plane perpendicular to the axial direction of the
heating el ement 302 shown in FIG 10. Ing4he parts ((a) and ( b ) of FIG
11 , the origin O corresponds to the center axis of the heating el enent 302
In the grapd &2 he part (a) of FIG 11, the values in the radial - 56
directions designate the emssion intensity of the infrared rays, and the
val ues in the circunfdarerthalinfraceidonaylasdgpst Showdl an Wids I espegs to
the center axis on the plane perpendicular to the axial direction of the
heating el eAenst30RX:tTheseoahgliresimare tikssgnatrivibyirnghes FilgiPddeare
positive direction of the x axis. The thick solid line 307a, the thin solid
i ne 307b asdmidahrokehhbisge GD7thenfillrs thashboaimen tFlshowh desit@te the
intensity distribution curves in the case when the width T of the heating
el enent 302above-memtionsdnm¥ilfhd 1.0 nm respectively. Since the thickness
(t) of the heating element 302 is 0.5 nm the intensity distribution curve
307a is obtained in tA¢ ERRVRhER FHE wi 3t hthe &rd npprofioms datheg
el enent 302 is ﬁé}, the intensity distribution curve 307b is obtained in
the case whBfRatAddedarents 3l HAnd ihofhéhdsd nfizseed Bap lamptare and
t he intensiix di trég#t'#on curve 307c_i s obtained in the case when the
width T ( 1 .Sﬁrﬁﬁﬁ NERe tHOAI ML R 3dhBn@d2318 Formed the therd
enbodi nent intensit i strijqution curves_307a, 307b and 307c were
neasur ed ash%i ?C-I‘el e'ﬂébﬁéoq%oﬁr:" regpesist Bat YR spnneched theresoa soow
infrared r d. infr r re.emtted fromthe infrared ray
lanp. In aa%%lﬁgﬁ?}%%& gﬁg’l"ﬁél&n %ﬁﬁd‘a'?%?sl%r‘éh%rﬁ??g]&“ﬂr EheMER § 511718 ed
ray |anp st Y, t - ' i rays is,nmeasured.at a
position | o%g?ec‘iz 1?%0’?@?%% icrﬁ sat ﬁ%lég 5%@8& %%%Srgnsrgigv\%iya]? r b ?ﬁ? center

line (the ofhgiRtQ o d"_ilrgc@-ﬂ-%noftﬁgedfféEitﬁ%neli?JEi@?to’Q& Lja}p thJILGEL) on

perpendi cul ar thereto. At this tinme, the anmount of 1 nfrared rays feachi ng a

predet er mi ngd FIGUt €3 Brea @healﬁéﬂﬂﬁﬁ§r€il@%r99§i bh@N 2y n@laﬁyred. Thi's
measurenent is repeated while the angle with respect to the heating el enent

302 is changed, with rhe diedtnsg bremdiesopia ufk beipIan@i Hied ned
constant . As the result of this neasurenent, the intensity distribution

curves 307&ahe807kmdrdt BFcbbown3ilnoEhehpain¥ar&fl FAf 1dhpVahewabtai ned.

As indicated by the intensity distribution
FIG. 3 are formed of similar materials as those of the
above-mentioned first embodiment, and the adhesive 9 of
the second embodiment is formed of a carbon-based
substance to become a mixture of crystallized carbon such
as graphite and amorphous carbon when heated to a high
temperature, just as in the case of the first embodiment.

In the vicinities of the end portions of the

above-mentionedcylindricalheatingelemenhs21aand21b,
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 vicinities of the end



curves 307a, 307b and 307c shown in the part (a) of FIG 11, the
directivity of the intensity of the infrared rays emtted fromthe heating
el enent 302 becones higher as the ratio of the width T to the thickness t
of the heating elenment 2 becones higher. Wien T ~ 5t in particular, that
is, when the ratio of the wwdth T to the thickness t is five or nore, the
em ssion intensity in the y axis directdpn is significantly lower than that
in the x axis direction. Wen the infrared rays are emtted unequally as
descri bed R®BYEonsorofexthpl deaitiemg oallgma if £det ar Ig'rﬂ-?dzi%qi Qﬁld SSesi red
to be heated, the region should be placed on the x axis. the col}u?rary,
when only ‘?q'lléeﬁi‘-éf&et%r#ﬁ nddffdgiimntiynapplesédedot e beat EGIAZ[iQDens - 58
regi on shoul d, be placed on the y axis. As a result, in the thir

enbodi ment}P¢hRALRGs il PAPIEsitted candhaexaki s €at ifdidels . EVELy | f+guch a
reflecti og‘%ﬁ{?ﬁ as_that used for the conventional infrared ray I'anp shown
in the abdVe®mbhei 8hedentss 28 and 26bi appdiied ovidadthihgdheali g &l ement
302 of the _thiyd enbodjnent is formed of a carbon-based substance

consi sti ndT§t W APkEE% IRter feahokes ddcbandushaas rapdi heata

resi stanc%mviq:LtUﬁnaib&st nt _substance such as a nitrogen conmpound and

anor phous “car bon. I AR 8t r? bedeSRARL LY RdYc arsbmbdsed 1uhst @ogeaeged as

t he mat er iial heat.i, n enent 302 has an infrared ray em ssion rate
hi gher thlat%‘et ovgiepgf tﬁétc?%gbﬁtrﬁ%ﬁslinm ehesen ts@ taiagst 2hb 208 maldes

reason, wagpRdde EF&E‘FP?ﬁ substance is used as the heating el ement 302
of the infrared roglf}"r anp, %neéjgﬁcﬁ%e%‘g%%ﬁotw &fiasiomititdma haokdat i ng

el ement 383, [y ORE" se fr the conventional heating el ements.
Furt her nor e, s—iIkr?ce hgh%&%%gﬁgg \’%mjd:ef%g?t FEaR2tRFg Sagmird 30@tof t he

third enbeHerdy & High a he gonventional heating el enents,
even if the surf ace %gggroéf&t ﬁléﬁ%g%ﬁé;% é?gﬁérﬁané@i f§ tthe Gmpeonf a rod,

a plate obatkd bubstfns fit conyentional heating

el enents, the heating elﬁﬂﬁrﬁéﬁw}%%@?ﬁfgﬁ ??5’9? havfig@ iR Rékent

i ntensitythAsheatelfit el efidites t B 5S W r of _ the heating el enent 302
- 59 Ierlht han t hose of the conve%?i %rllgdlacﬁ%gt ?%g? e(f%%ﬁf’%?& sER®n from
‘the heat imgastemditt B0@ bdokchke 3gdvitdha Hd eEnt el # er eby
efficiency_reduct~ ;ion heat em ssion fromt h{éehggflg%é)%gﬁaegn%ﬁf 0BhP~=~g

- cted. BecaiBesdve tfe haviegrent glonednaeasonsi tywhen a nt vol tage is applied
to the infrared ray lanp ( the on intensity of the third enbodi nent shown
in-- -the a) of FIGInlths ekampl20 showf%ihi ghes. thangidhe Q0 i ntensity,
shown in the ~gart (a) of the mentioned -FIG 24, of the conventional

i nfrared BPreIRCigdandgrene sredi facebcarat £ 240 kR REENAS DL NG, O Ven.
In the p%rg a% 8f FIG. 11 and the part ( a L, of ~4, the concentric
gradations for®thRdeRP&diipps=ofsithe ol tadeisal llasat Dhgnailbmeatal 41€s
~tively. zlioa/\eavne%, %ﬁe Esct that the heating elenment - 302 rnmed of the

car bon- based supst ARce*PE AGtRLRferfihe -gantecl dsstweenvehei heathap i f the

heating @lj - r the conventional nichrome or tungsten, .\WWen
idth T of the heat ?ﬁé eﬁ%egﬁbsﬁf sther fertitemitting ihkockeda tisy five

tinmes or ifYreaaddgl s i obs - gain >ion_intensity having such
relativelnas gahé'.éd ?Qﬁrﬁéﬁmﬁ?e, the Jfooves 216 are formed in the

vicinities of the heating elements 21a 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 Teéason, the resistance of the

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

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



.tivity as those indicated by the intensity direc~~--Lion ,s 307a and 307b
shown in the part (a) of FIG 11. - 60 Although the heating el enent
302 of the third enbodi nent formed integrally into the shape of a rod or
plate is explained as an exanple, the heating el enent of the present
invention is not limted to this kind of shape; a bundl e obtained by

bi ndi ng plural rod-Ilike nenbers f_or34|(jxarrpl e may be used as a whole to form
a heating nenber. Furthernore, although the infrared ray |lanp of the third
enbodi FEGL Bavamdbé hee @t edl, 0AnkAl S ' ' n exanple, the
present invention is not lim tgg ?ig&t ﬁ??ﬂ%ﬁﬁﬁﬁ%&%ﬁ%inpncﬁﬂe case
when the embamiceodd shegnhigfcdhangnitted fromthe heating elenent to the
internal lead wires is scarce to the extent that the internal |lead wires

are not overheat &a ftire ekmfipheeid e OL ABCEHAGR LHersReci{i cgpons of an
b

infrared ray | anp, the structure wherein the em ssion blocks aré onitted is

al so apbraabl threerdur the rbodipkat skolexiin & iU h @ gess cOf the
present invention will be described referring to the acconpanyl ng draw ngs.
Howevetre tferrtfepnatbe eiktesnal dthicesoinmehbods cand £ hes!bker gl the

enbodi nent descri bed bel ow are only exanples preferable for an enbodi nent

of theTH &Unt1pAvenfi bhe twe hepatiogbes emnpges af24 e Preaent dxyention is
therefore not limted by these exanples. Part (a) of FIG 12 is a plan view
showi Ry ERALIFAP¥ES 229 FoFmed dot drhimfveatilnly ehenfenit § o 2ahogament -

‘61 ofzozhpe Er esent jnpvention, and part (b) is a front view thereof. In
addi ti%m # e PESYLdedpdns fedivection devpagdimmiakrtvedhreay | anp of

FI G ' yer ..since the central portion of the infrared ray |anp can be
under ;11%050%915‘?8% BIER KL Jdhe cﬂi'sr%ﬂgﬁ\'}vﬁni hndicat edrhs thevammwr al

Porti g Gf1é M) "B Ve BB b2 ng Y nan s {0SE OF & N FOures:

thereby forming projected and recessed faces. In’

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 holés 32a
and 32a. These grooves 32b extend in a direction
perpendicular to the insertion direction (the direction
indicated by the arrow in FIG. 4) of each of the heating
elements 22a and 22b.

The adhesive 9 is applied to the heating elements
22a and 22b structured as described above, and the heating
elements 22a and 22b are inserted into the holes 32a and

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



Furthernore, in the fourth enbodi nent, simlar conponents as those of the
third enbodi ment shown in FIGS. 9 and 10 are designhated by the sane
nuneral s, and their explanations are omtted. The infrared ray |anp of the
fourth enbodi nent has a reflection film301la 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 t structure of the third enbodi nent. The
reflection film301la is a gold thin filmevaporated on the external face of
c%fkfs&'@éﬁtheb.etﬁglréﬁﬁﬁ t qfeee ehéhhekndssy eflabentsSe@a This reflection
i1 m301a reflects about 70% of the infrared rays emtted fromthe heating
ag{@”ﬁ‘ﬁ 3923 mAeshMds é NcFhE8ctlRiatd d13d fhe treaf |dartoohhei | m 301a i s
I sposed between the heat-emtting bl ocks 303 provided on both sides , in
i L€l e nglibIpased 23t dzylos andnhepkdsegl (thixhegl)ighepsitting portion of
the heating elenent 302 in the |longitudinal direction thereof. This
4€d | est o8 df blm,30ha dedsy & sdmtened smbsilansmewnshdtiRg i nternal face
- 62 of the reflection film30la is disposed so as to be opposed to the
¥ defe SiatbdmekpasBasobsthadcecafi hhecadhestiviod 1pFerpgf-of FIG 14 is a
graph showi ng the distribution curve 307d of the intensity of the infrared
Asysresitlited theoheatd nealemgndieAa® 23622 3P aRe RPEAEMDodi nent . Part
(b) of FIG 14 shows the cross section of the central trQ}orti.on'of t he

toftheddeaty emdit 919 ko ¢k 13 2 IV EALBREEAD YRRA AF Y RBERBSS ng el ement 302,
The x and y axes shown in the ggrtiﬂ&a%% and ( b ) of FIG. 14 are
of t hibgossihenbyai AacE Hddh FeRARLIIY LY pendicul ar to the axial direé :
f the heati | t 30 ho in FIG 13.; ] d (b f
Bla1a LR She thbrepReaghdet ThevBodrh FEET SRS B heati ng £l errent
302. Inth t f_FIG 14 | J i di ti
sesigrked ol sncas dndisAura e GoTmed LT g hatRs T LCTl 00 1
th i tjal _di i i i act to th t
af; then S BEhLOhar REnanel Py TAFTERT, Ma ey SRekRIReE) L g
SLEMERR P8 eI AN 8 APareN2beshdw 18N8hes1hteprde positive
Pe?Plon®dr The X axis. The concentric gradations for the emission
Eth%%Siothtih% e dard{ An@f378 G A4 dndésate .t kdesareaalfies of the

gradations 1n the part (a) of FIG 11. In addition, a constant power of 600
YWhieS capitd &€ B Ot beni pheaned tiayy leAgme St BcR 2Bhanke 2l earedt method is the
sane as that of the third enbodinent, its - 63 explanation is omtted.
Ap e Nl cRt 661 RY inhe BTG ERSBRY 16 Srddbeiased .cuFer 30Fdmpnet,he part (a) of
FIG 14, the infrared rays fromthe heating el enent 302 are emtted nost
ithleeRpedovés 8he pee Hommed recttha viicielikiesi of thet 6md in a direction
opposite to the reflection plate 30la with resgect to the heating el enent
PO Hidme ofghhedheedtirg éheméntparey and 22brpad dm )theThe maxi num

em ssion intensity is about 1 . 5 tinmes_as high as that of the infrared ray
Hatemial hEatkisr dferthoeli hedes G2a ot A2 Hdhd® BAESSGH YA ed rays fromthe

heating el ement 302 are hardly em_ tted in the ati.ve direction of the x
Perpengheular e the d‘i#%%ﬂ%ﬂnmﬂé‘rr@%t{]‘ﬁ‘é‘i n{ﬂf’gr 8&’}9‘%1%3 re shielded by -
the reflection film30la (in, t | ef irecti ' t (b) of FIG.
AP s fgRaetHe thf aAbes) v §t+fﬂrﬁeﬁ€%ﬁac€?\}:§1%‘%%%&nm%%§ %%?f (a) of FIG 14
.S co red with the cqnventjonal . i dj I butd urve 271
R R e T T Bk LA P
conventi gnal, intensi pstrl ' ' @dially uniformin a
Vi 'de" R gF 8 SAETGR eeaéélagh%r gg%ﬁéﬁeﬁggg’%teﬁgét%iérgggﬁlﬁr%f the x axis. On

t he (o QM { H eABoBIKR .32 heagm ssi on

i eerﬁ%%??% g?gdl?&qr]yztﬁm%?‘ze%@ét&gggi g%*;lnce ?Jrgomthe X axies1 in the positive
Yd ‘ife{]d@é‘ hhegRaf +hBCEe28YytHAD A tIRS Wdndihg eReswbmtwaeansity in the
fourt en%odl ment 1s larger than that of the conventional

is enhanced significantly.

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



- 64 exanple, and the range wherein the intensity becones a maxi mum val ue
in the fourth enbodinent is narrower than that in the conventional exanple.
The infrared ray lanp of the fourth embodinent is thus suited to a case
wherein an object disposed in the positive direction of the x axis is
local Iy heated for exanple. In the infrared ray lanp of the fourth
enbodi ment, the reflection film 30la.iggproduced in accordance with the
foll ow ng form ng process. (1) The glass tube 301 is forned into a
cylindricandhppetipStem)tle)pIaeallcaidaig yeateneddd argat &84l bhe are
di sposed inside the glass tube 301, and the glass tube 301 is hernetically
seal ed. (Si=$p P9ynded YoGthe holempo atke beathemdttting biaeck 8f ble gl ass
tube 301 thereby to formthe reflection film30la. (Step 3)
using the carbon-based adhesive 9. In the stage when the
plural heating elements 22a and 22b are inserted into the
heat-emitting block 32, the carbon-based adhesive 9 is
still soft; therefore, eveh when balanée 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
long-life infrared ray lamp having plural heating elements
22a and 22b sealed in one glass tube.
In the infrared ray lamps shown in FIGS. 3 and
4, similar effects can be obtained regardless of whether
the holes 31la and 32a formed in the heat-emitting blocks
31 and 32 are through holes or stop holes (holes with
bottom).

{second embodiment)



By formng the reflection film30la as descri bed above, the reflection film
301a can be forned by using the external shape of the glass tube 301. As a
result, the reflection film 301la having an accurate sem -cylindrical shape
can be forned easily. In the above-nentioned process for formng the
reflection film30la, step 3 may be carried out before step 2. - 65
Furthernore, the reflection filLng30la may be forned by transfer or the

| i ke, instead of evaporation. In this case, transfer is carried out as
descri bed bel oMext,1l an Amfrxaned afay esamp dal dcuvwrdhnse wd tiprnmed into a
filmand bonded to the surface of the glass tube 301. ( 2 ) The fil m bonded
to Ehesstehdcemifodmeglitass tiibe SPesenthakedehltdroabywiblvagori ze the resin
included in the film Transfer is carried out as described above, and a

gol defd¢pibedf mefrirphnghsos dibfeace @dmphayjiras dirakbengél. SBilikce t he

internal face of the reflection film30l1a in the fourth enbodi nent, used as
a r &f L&ct iRdyPR &dee v ishqiated i d ndoprned nayhlame ofktdenakcioacke of the
glass tube 301 , the internal face does not make contact with the air. In
t he STRRAEHDEBtal niaF ¢ RF 8aNCA WL SRt BARFE F ANLHO ¥OBEdoRent Fdifed FI G . 25,
the reflection plate 280 is disposed with a predeterm ned space provided
from CROWS Jé%tgu%EdZB?thl&nst R theyddht reRedr epvedamen ofaddeof the
reflectio | ate. 280 | s s% ined with adherents and the |ike fromthe

out SERENHOREPAAIRERE - HinGR Frioh| ERPATE HRITELPRePEH R he fourth _
enmbodi nent. In the fourth enbodinent , .the reflection film 301la is formedj:
Pt SAELhnakE o TnEthiR. AR dEAhg: Holth (FRas Barti oA . BRE ie. o kk
semi; Lodr | p i S, |l ntali in.the ape. The_reflection film
can cl?(eiyéfQEGE%q#afn a?ﬁegggct su%a?i?'l gﬁd?/' S|5h1' I%?Es'hgpeiﬁ of a | onger tinme -

t ha glt'@iggﬁ_&eqﬁé}piﬂghep%%ﬁﬁgétr{%ga{igwnfgﬂgggggorﬂei nfrared ray | anp.

As descri bed”above, 1n thé fo
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 accordance with the present invention has a plate
heating element 23 and two-split heat-emitting blocks 33a
and 33b. Since the other structures of the second
embodiment are similar to those of the above-mentioned
first embodiment, their explanations are omitted.

In the infrared ray lamp of the second embodiment,
the heating element 23, the heat-emitting blocks 33a and

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



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 enbodi ment therefore maintains its good characteristics for a
| onger tinme in conparison with the structure wherein the reflection plate
280 is installed in the conventional infrared ray lanp . In the fourth
enbodi nment, the structure wherein the3geflection film30la is forned on the
external face of the glass tube 301 is described as an exanpl e; however,
the presdmPe nbeht i BAOKWE Adt AIGH ¢ B andt 6i,s Bistcasren the Yastare

wher ein d reflection filmformed on the internal face of the glass tube may
‘be used. HSWARAVE TRepkdoned fkrstcemhodimen s e, TheepnBemmsil R ga@rri ed
out.befor§ﬁ§tq£8€ in the above-nentioned process for form ng the reflection
film SwhgREE e bt ecthgn et erns lf diemstl wirehe witertned face
of the gh@ S tgbe 30%, the reflection filmis not exposed to the air, and
its refl SOOI FAE FoiotSRegtndd wlhe aBhatentheahiinghe Lanent Fas t hi s
reason, just i e case when.the reflection filmis formed on the
exteﬂmﬂggéﬁgéfighéaﬁ a?%bquGthhE GoFPehapficfecanh er - bi stelk

ny. changeo 35 ThCe e SRR 2 S, mix Rl rRcogaes Wkt § ke AorRabamon plat o
Toilecti Sach Py FEPREd O Ot St A 8 R AR apdifajmeat iishs hamee cont act
ei lection T ey he S s LRtohe Rt Ad Y 1qdgRr 4 hana Phete ke, an
Toilection Tl re Toraa an oo ieEE EA7 %0 mb 't W £ORReEE Rael S oo

di st ancemhetinedreridieh r ebkeekiaap f4 | M ppd h@%ﬂ-e%g%gg&gégnﬁgis‘é?jﬁg ég%' red to

be set at a sufficiently |arge value. Althoug rial of
Lhe ref | 8udi 631 idre 30bamest descal Behdfe BvEXHE i gt b our th

enbodi nent, netals other than gold, such as titaniumnitride, silver and

al um nun¢leat tieakkyl; cophaks i1 @ie 0bnaebEeehiVhd tiGg id LALRE ' ays
and being stable at high tenperatures are applicable. The reflection film
301a hav¢dd¥ sBeithed deddmidbedhiopeers dasecolibefoas ivh 8X28PE§rind gt he
fourth enbodi ment; however, the present invention is not limted to this
shape; V&FiWVR %B@stapeilabﬁlm@dbﬂ-eaimwd.mi4deantiia)ﬁspﬂfixi@epdﬁfisﬁti on
directi on of (nfrared rays . Instead of the sem -cylindrical shape, the
shape of® PatP9Iorlasticiey)ia Harmed £okleming tpee ciollmosst seati on for
exanpl er%ay be used as the shape of the reflection film - 68 '
Furthernotre, it is possible to use a shape forned of a conbi nati on of
plural straight |ipes hsuch,as art of a polygon ( the shape of the
letter ~ for exanpfd CR8W™ A& & f L phRatipfraged mampkanprogd of a

conbi naty ai curved lines (the shape of the letter U for
exanpl e)ﬂrgér] ég?]fsg sﬁﬁﬁ’é’%.qg"e& 5sIEBRVESh 2 3@ ndh &3P e Horredetnion film

301la shafd Y, i ted for,abtainin he desired directional
di stributi on&g% ?ﬁg Eﬁ??&“ﬁﬁ%%ng%t %hgf Gﬁrlr#]rpa‘?%glf’ayg.f o alatee

ref | ect immdihm SDdAchevbaorLBbs Jife oY Shafe ggyz-,eoe Lt on of gthe ol ass

tube wherein the reflection fil'm 301a f or med vapo 2T he Iike

shoul d emterme inraedireic @5 heeepedd £SRPAG B ' shape of
the reflection film this can B%@atpt ai ned easi | 3’ %3“% ;hﬁ%ﬁsilﬁg%ﬁ'erﬁgd of

f or mi ng ddiveefbrcbifort e Ime 801ngdeswmend baf or @ne <shiLh ampdi yrent >>
Next, a fifth enbodi nent of the present

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

palr of heat-emitting blocks 33a and 33b are bonded via

ath& Phéte ke, and .

e



‘invention will be described referring to the acconpanyi ng draw ngs.

However, the materials, sizes, production nethods and the |ike of the
enbodi ment descri bed bel ow are only exanpl es preferable for an enbodi nent
of the present invention. The applicable range of the present invention is
therefore not limted by these exanples. Part (a) of FIG 15 is a plan view
showing an infrared ray lanp in ac@rdance with the fifth enbodi nent - 69
of the present invention, and part (b) is a front view thereof. In

addi t i BRe pA@esive 59 ghaviggedige onduchdw ity tbe asf tar ecttaynl anp of
FIG 15, However, since the central portion of the infrared ray |anp can be
unders?ﬁﬁ&qq%%ﬁ%o?ﬂnEPﬁéﬁﬂﬂtidﬁ%esﬁ@W@ﬁ#VQh% fisgfircasmedhefcent ra

portion OL thﬁﬁinféared ray lanp is not shown in either of the figures .
Furt hePRDPERTRRTHE FRPERAA i Rht 15t Renyart ednpohenes mdstumse of the

third epbodi nent 0 in FIGS . 9 and 10 are designated by the sane
nunnra?ch§x§iqﬁ££zgapF&ﬁRQQwéuﬁpeQ§ﬂQ¥%Ehi?ﬁeqqﬁr%ﬁ@ﬁﬁhﬂuSanp of the
fifth i t a,reflection, film301lb for infrared rays in addition
tCJthegg?ggém%h?%?ﬁ?ﬁéeﬁmﬁ%i%nﬁﬁg' mpepRtuTEs | Fhhehease of the

bove- gept.i.qned, f di . Ho . in the infrared | f th
i1 SmsaachpI8ls P ERTE 4R T v 1ovkermavena Remidas nal face
f th 3 i1l ifferent fromthat 'in th '~
abovo- SRPEanBhCr ot (BT Db 0 Srhhe L KR G AR LPP B2 BRYAGM G01a of the

fourt hhggbediiyy &6 g;t_.g?ﬂg_e& slﬁ_?%gntgo Son&d)pggéagcttﬁé;ﬁg}’mder side portion

2a of the heating elefrent 302 ( 1 Fection film 301b
of the Tifth embedi eRElsd SosluSaRESE1RRAS, kP EnRRAGRES J;eOﬁ.fe@kﬁ‘ea”OW
[

side portion 2b of the heating el enent 302. The naterial ness)
refl ect M thorméapes anc Jiog st ag weieos a¥fi ddie Fc@{éﬁﬁéiogfgbh@i b of the

fifth - 70 enbodinent are simlar to those of the reflection tilm 301la

of thecdefifibiemindilose toPaat(ed frdid®. 1Howeva gl aRhShaWy t he
wires, such as molybdenum and titanium wires, may be used
as the internal lead wire 4, if no problem occurs in heat
resistance in working environments. The external lead
wire 8 is formed of a molybdenum wire. |

As described above, in the infrared ray lamp of

the second embodiment, the heat-emitting blocks 33a and
33b sandwich the vicinity of the end portion of the plate
heating element 23 via the adhesive 9 so as to attain
bonding. Furthermore, the coll portion 5 of the internal
lead wire 4 is wound tightly around the heat-emitting
blocks 33a and 33b and secured thereto. TIn 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

5



di stribution curve 307e of the intensity of the infrared rays emtted from
the heating elenment 302 of the fifth enbodinent. Part (b) of FIG 17 shows
the cross section of the central portion of the infrared ray |anp of the
fifth enbodi ment having the heating el enent 302. The x and y axes shown in
the parts ( a ) and ( b ) of FIG. 17 are orthogonal coordi nate axes on a
pl ane perpendicular to the axial- digection of the heating el ement 302 shown
in FIG 16. The x axis corresponds to the thickness direction of the

heat i dd.amehent o§0Zhiahdishkaygexi thaar thsgoods the thd Wipdidt dbiecti on
thereof. In the parts (a) and (b) of FIG 17, the origin O corresponds to

t he cént és alestoficabliicaonngcéledntnt tBe2molybdlemparfo{ R)siéefl G 17, the
values in the radial directions designate the em ssion intensity of the

i nfrar’egmpgideqin the sapldad nortdon pfutherghasaltubeekt i oPise desi gnat e
angles with respect to the center _ axis on the plane perpendicular to the
axi al odiegg einshodf thhe mehybAgnaimefead sheetThdseadsyl eonarectiedi gnated by
angles frogmthe gositive direction of the x axis. The concentric gradations
for the dMeFBherRtdndiads i'mWixeed phreids) tde mealing peintent he sane

val ues of the gradations_in the pari (a) of FIG 11. In addition, a
constant power n%%:oa S\’/“FEa‘Eﬁﬂ Fgéf la‘%P ofy theserendpmrBPEdMedt | anp. Since

expl AR VP LG ¢80 n 200 YA PRk S5 CEARS BILOGKS 118 F&ADOM: mont |

xpl andt O s i £1E8°" PEA SR FARE B ol 1 ent

ML 83 *ﬁ%‘%’gﬁgﬁﬁf 182,85 b e ghleg?‘nggrrtﬁaﬁes RES of the e
s TGS the i ebiT U of “Ffte”Fneer phe F

he | AFEart foitn, sof SR AR LUB FRRpan dUGhE G Pdes i, °

| ntentie Of AfCetNEiANAGS e 1ROHL RENCAULH BsCIBH 008 N the vicini ty

of the y axis in the positive directi nt'hereo_ . er than that in the
Vi ci Nnhit rfgdhein- ¥Hes shaE6t 1aB1dOtRdegYaski Suder i nehle ative

direction thereof , emssion is restricted by the reflection film301lb as a
mat t epoaft ioois s¢th¥herallithd NHeHSibrsgi B ithe iPPasyr vaba’l aird he
- melted and fused so as to be sealed. A part of the internal

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

external lead wire 8 are sealed in the sealing portion of

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

embodiment is formed as described above.

In the infrared ray lamp of the second embodiment
structured as described above, when the infrared ray lamp
is turned on by applying a voltage across the external lead
wires 8 (FIG. 5) disposed at both ends, the heating element
23 formed of the carbon-based substance is heated to a high
temperature because of its resistance. Even when the
heating element 23 is expanded in its longitudinal
direction by this heating, since the spring portion 6 of

the internal lead wire 4 is provided between the heating



conventional infrared ray |anp shown in the part (a) of the above-nentioned
FIG 26 is conpared with that of the fifth enbodinent, the angle range in
the direction wherein the em ssion intensity is high in the fifth

enbodi nent is wider than that in the conventional. exanple. As a result)
the infrared ray lanp of the fifth enbodinent is suited, for exanple, in
the case when the center of an objeciito be heated is placed on the y axis
of the infrared ray la in the positive direction thereof and in the case
when t helgmenrt 33 and Eg@e‘“@leld@mbjl dotll sheex 7t,othe dicmé¢rdionailch is
perpendicular to the y axis, is heated uniformy. Sixth enbodi ment>> Next |,
a heati f3'3pPardugstasithe empangtanedfr thel hegtingoebedende 28 tils t he
present inventionwill be described as a sixth enbodinent. The infrared ray
| amp dedR§ PHebBefnb¥hEhgePataet bardothithe srd geportiomséd adst he
infrared ray |l.anp for-the -heating apparatus of the sixth enbodi nent, and
the ref PeERRY Tl ditel o RP SHOMACI o PR VERtanpuaneressartbesdintr ared ray
| anp. ﬁél of ;gg above-nentioned infrared ray |anps in accordance with the
above- nefti Shet P 8PPLY MG thP R drARhi 8 daed eentt2Bed Fornahds

substantially simlar external sR)a e.as that of the conventional infrared
ray | anp.SFor2thPe HERSHeSPATY (éh?ﬂﬁgaﬁﬁ£QﬁL%ShQPHﬁjQ%ét%oﬁbéntionm
infrare Lt i.S f.or, ordi engi peers skilled in the rel ated
art to ?lg{oﬁ%%aﬁ%e%"tﬁﬂtarzgg%}‘éaytl ]\"/\*]ﬁ\XSn@%o 160%e teHRer 2HUFSF | anps in
accorda ' fi St Lft ' t.s., Heating apparatuyses each
havi ng ?ﬁ? &%gehgﬁgﬁé{&iﬁ'gggg ?asgn?ggn%”?l%a -I?rse?%pleg’éa b%éa’\'}\ngg t he

i nfrareq¢dnfyetafQrefls t he present invention as described above are the
follow ng apparatuses, for exanple.

In the infrared ray lamp of the second embodiment,

" the heat—emitting'blocks 33a and 33b formed of a material
-having good electric conductivity are connected to the
-vicinity of the end portion of the heating element 23 via
the carbon-based adhesive having good electric
conductivity. For this reason, in the infrared ray lamp
of the second embodiment, the contact resistance can be
decreased,_and the temperature at the connection portion
can be lowered.

Next, the bonding condition of the heating
element 23 and the heat-emitting blocks 33a and 33b in the
infrared ray lamp of the second embodiment will be
described in hore detail.

As shown in FIG. 6, in the infrared ray lamp of
the second embodiment, the grooves 23a and 23b are formed
in the top and bottom faces of the vicinity of the end

portion of the heating element 23. The adhesive 9 formed



[ Japanese
1) Heating apparatuses, such as a heater, a kotatsu (a _
gr;ditiona? hggting device), an air - 73 conditioner, an infrared ]
treatment apparatus and a bat hroom heater ( 2 ) Drying apparatuses , sug
as a clothing drier, a bedding drier, a food treatnent apparatus, a garbage

treatment apparatus) a heating-type deodorizing apparatus and a bat hroom

' ' L1 zi appa#adt uses 4 ) Cooki ng appar atuses ,
drier (3) Fbatlng type sterilizing app ( o ) oaooki NG appar atuses

ven ran an_oven toaster,
o oS ane agyégf?SP? AR P GEN%ME%@HD%hﬂEE@Miadnkéf;pian¢dgk|ng

war m ng apparatus ratuses, such as a

i e and SPRarTs off 5 Be L RENPar L oF ) LT Hilaris e cor pbx g 2et pes

i mages , €58b, and the heating element 23 is sandwiched between a
pair of the heat-emitting blocks 33a and 33b and bonded
thereto. After this bonding, the heating element 23 and
the heat-emitting blocks 33a and 33b are dried and heated
(fired), thereby securely connected by the sintered
substance formed of the carbon-based substance of the -
adhgsive 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-
emlitting blocks 33a and 33b increases, whereby the
resistance of the contact can be reduced.

Furthermore, since the adhesive 9 formed of the
carbon-based organic substance is very likely to be stuck
to the heat-emitting blocks 33a and 33b formed of graphite,
the adhesive 9 enters the grooves 23a and 23b, and the
boﬁding 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. 1In the second
embodiment, the structure wherein the number of the
grooves formed in the vicinity of the end portion of the
heating element 23 is one is explained as an example;

however, an effect can also be obtained even if plural



on sheets (a) Apparatuses for carrying out display by using toner,

such as

an LAP (laser beamprinter), a PPC (plain paper copier) and a facsinmle (b)
Appar atuses for thermal transfer of an original filmto an object by
-heating (7) Soldering heaters (8) Driers for sem conductor wafers, etc.
Appar atuses for heating pure water when cl eaning wafers, etc. in

sem conduct or production processes, and £30) Industrial coating Briers

74

(9)

In other words , an apparatus for heating objects by using an infrared

ray |anp asgxdmees €318 erawd dn ame ffare arusnvihoth fiatesr ethd ayhligimecan
be replaced with as descri bed above.

effect is obtained as the number of the grooves increases.
| In the second embodiment, the heating element
23 1s bonded to the heat-emitting blocks 33a and 33b by
pressure contact. As a result, unlike the case of an
assembly process such as a fitting process, it is not

necessary to accurately place the heating element and the

.héat-emitting blocks at predetermined positions; the

aésembly'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 second embodiment, and shows an example of the
method of the connection between the plate heating element
23 and two-split heat-emitting blocks 34a and 34b.

As shown in FIG. 7, grooves 23a and 23b are formed
in the top and bottom faces in. the vicinity of the end
portion of the heating element 23. The grooves 23a and
235 extend in a direction perpendicular to the
longitudinal direction of the heating element 23. The
adhesive 9 formed of a liquid carbon-based organic
substance 1is sufficiently applied to the end portion
including these grooves 23a and 23b.

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

at a position for sandwiching the heating element 23. 1In



FIG 18 is a perspective view showi ng the positional 'relationship between
the infrared ray lanp and - the infrared ray reflection plate 308a of the
heati hg apparatus of the sixth enmbodinent . 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 |anp described in the
above-nentioned third enbodi rega,-its explanation is omtted. The
reflection plate 308a of the sixth enbodinment is fornmed of alum num has a
seaddtyiiondr acakodleagie depenting ddcutdlsOfHrumed. Gnnkihia shepkness, and has
a mrror-finished reflection face on its internal face. The infrared ray
rafoeklirpi Sy dof Thd s FrederssdirartBeBa34cs ighdinrmwedt 8to@yw . The
reflection plate 308a is disposed in parallel with the center line of the
haesh§leprewdereimobt fihiehin washtef nthedsseacee prdIndeaddirom the
external face of the glass tube 301: The reflection plate 308a is installed
ln?%%iﬁ@rpﬁg(ﬂﬂﬂ?ﬁelgh@“ﬁ‘@?ﬁFﬁ@&Fﬂn@%ﬁEﬁ@ﬂteé@@%ﬂ$i¥§~center. As shown
in FIG 18, tge ﬁeflectio face, that is, the jnternal face of the
reflection pFaPen8B8dng &1fmeRt et sHLRLCLITRA G ARICTHPEAe wi der side
portion 302a.of the heating.el ement. 302. - 5 The reflection plate 308a
F AHeRe 0TS o AP RGPPEABAT SR diS B bx &Mt Thg (hEoeRa: A iembod mant
howeye i e f alum rpaks ving. high infrared ray :
re?ri“\éc ?Qigéaaﬁgnggdﬁﬁwsgt%eb e'g?iﬁi {éﬁkfegggredt t}:}'e%q,pxé%%ﬁcégggol d, titanium
nitrj i n tal 'S o @ |4 cab | ection pl agi@;
SO FopS o4 ot o] MR T oep kR ng PARIBP 468 nfia JUB EXk 0C Dod mobbE:

hOWR Y d grbD VLS a5 1L 18Nt RE S d BXRgU IeheAROPSS, APLepxample , a
shape having a part of a circle , a parabola or an ellipse; or a shape

formed ©f t @1 A8TDENEH QI Phgd Lémbnd! 2 8I4HY th'Beat Dt 88ng part of a
pol ygon ( the shape of the Japanese letter "~ " for exanple) , a shape.

f s 1@dKoB4a e@EiNE idre OdriBamand e sbage( efirdwe) FnghésBoietter U for
exanple) or a flat shape; the shape should only be a shape suited for

ohd @tareg yt tenfesiteclibgr tRets DBk rdidssubbttiainde @Eornted @F 8Rkeon i ntensity of
infrared rays. 'By installing the reflection plate 308a as descri bed above,
t hmadbpecbiagesd sdlits¢taboti offi dbhet hdhesisse dh aml ensviggohighe i nfrared rays
has substantially simlar shape as that of the intensity distribution curve
307endncthy iftyurt h enbodi ment shown in the part ( a ) of the
above-nentioned FIG 14. Wth the above-nentioned structure, it is possible
to obtain i nflacedthgysannnderbaiimendi isdxawwnbn BELStr 7bdsi on of the

em ssion intensity as that of the infrared ray Lanp of the fourth - 76
erbbBPFENTEAS A g’é%ﬁl the RratactRg AHEIRE 7% L stheéh enmbodi nent is

suited for use erein_an object, disposed at a position_gpposed to the
rg??% e oqvw?ﬁ]ésréﬁﬁe@ﬂ{q)r?ﬁafgt%gat% REefoldR y for exanpl e.

Thaengnifgliogl tlhne:[ %%Saléyngfe]t.ehrgeh@f£§r, eghgaa/rlegrrgf the contact

between the heating’ element 23 and the heat-emitting

blocks 34a and 34b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 34c
fit in the grooves 23a and 23b, the bonding condition
betweep 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.



of the third enbodi ment has directivity in the x-axis direction as shown in
FIG 11. For this reason, in the heating apparatus of the sixth enbodi nent,
the em ssion 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 reflectivity of the reflection plate 308a is reduced

consi derably because of changes with ti  the adherence of stains, etc.,

the effect on the diredtd erdudtstbi PHLEQN Of Lhe emission intensity in the
si xth enmbodiment is |less than that iﬁﬂ%kgq—éla%ge\,\ggﬁo[w &y daroedl in

infrared rayhealmeashiovyn ébehleGt 223 S example. ((Seventh
enbodi ment Next , a heati nS appar i uéngs?glgé &?}%o?ﬁg?%de(??%E/iPaﬁpaim

accor dance ¥wrmethen rhos twela ti 1Rt QR b b b cllbed as a seventh
embodi nent. The infrared ray |anp of tg\r/1\% hgzct%i %gga%orb‘g aﬁtiliso?xPllréié"@ubnth

enbodi nent 3% 8fr geampeke sinh thiwats d dendebhiftd ate 308a described in
t he above-nentioned sixth enbodi nent is di sposdeﬁpeélgkde PS5t af B8 ar ound

t he center RE9%eBE imeentificar 2d nay lanpteqd ‘ perspective view
showi ng th ositional relationship between td;letﬁ:irﬁlfﬁé'lrn?dgFasS/t‘T‘gﬁ%ugﬁd t he

infrared ray's e9¥eevesn %@tbhso&lroqfeéhedhgatﬂtqg)@gpﬁ?gt W of ,Lhe seventh
enbodi nent .- However, in FIG 19, the central portion of"the iMTared ray
lanp is noPpsbe%\ﬂ\leeFﬁPt [FHbrethemceaeandethsfl handsk £ aye! aaRpused herein is

the infrar r app described in the third enbodinment, 1ts expl%?l tion is
omtted. quﬁ%AiHBFPGe'lg, the reflection face, that is, the internal
| age 308b, is disposed so as to be opposed to the

face of the reflecti ﬁ:r}é,g
narrower side portio 2b%of St fe BBEELAd 1ol evegni 1 BO24 Bl ki 508 pg t he

reflectionypls escribed above, the directional distribution of
the enission ?vtrlsfesg%ﬁ'{iyr?%fs%jzfj‘a?%ﬂtp&?ssr‘:é'umgmﬁ aHey ieudré @ £t of

the fifth eghedbFept s i.-n_ the part (a) of the above-nentioned FI 17.
| n ot her vvord?, Si n{I Qg%??‘eic fng’ﬁéﬁ"lﬁ%_ ridd irrws the reetlssdoss ighensi ty

as that ofcéhaeldtfiidh eghed t_c e obtained by using the infrared ray
| anp of the third enbodi nglﬁ{gspﬁeggggﬁi g‘&aa'ﬁp‘agaﬁi§mmt h24 semdntthyo -

enbodi nentspiithbeastidgdekq er,ein the entire flat face of an
object placed in parallel Wt t]ﬁggﬁ%gt P?f& Aed®b302 and opposed to the

reflection plate 308hsi shhgat ¢4 stantially uniformy for exanple.
Furthernore, the infrared ray | airargedf gt’héa{lﬂﬁ’ﬂglh §°318= 24a is formed

in the vicinity of the end portion of the heating element

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

sSubstance is sufficiently applied to the engd portion

including this through hole 24a.

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 In

addition, a Projected portion 35¢ 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



enbodi nent shown in FIG 10 has directivity in emssion intensity as shown
in FIG 11 by itself . For this reason, in the. heating apparatus of the
seventh enbodiment ( in the case when the reflectivity of the reflection

pl ate 308b is reduced consi derably because of changes with tine, the
adherence of stains , etc . , the effect on the directional distribution of
the em ssion intensity is less_thgn-that in the case when the conventi onal
infrared ray lanp shown in FIG 22 is used for exanple. In the infrared ray
| anRvehbspsapdmidhinedrbe bweenhehientens higa tof em € titkg d1sEEgys emitted
fromthe heating el enment has directivity described below. |In other words,

t he 38 s8n6n 35k it posidadhethatedioed BAdystbesomdmer, mepenum val ue in the
t hi ckness direction of the heating elenent) and the intensity in the width
di r X IACELG ReTRdan P 5t efehhehasab-smdlti t vag el dbRE 35a st antial |y
negliqgible in conparison with the maxi nrum val ue. The conventi onal

refl ifdit dimtth e $hrpugbdueled2ta be tisechéatingk lemeet iher ei n an
infrared r | a havi ng such directivity is suited, whereby the |lanp can
be @taifﬁ’f u?\é&ssirg‘)ﬁ)"l“}?-nﬂhe thf raeelingy dlemensvi2dg amdsther uct ure does not
cauge, nguc#i%n in tfe &gflectivit of the reflection plate, thereby

pr eVS Y NP FEFIAT ML PRk 3i aRdy 3 5bn axRli rded iand heeaded when t he

i nfr, y | f _the present invention has a reflection film the
intéﬁgﬁ%ﬁgfSFﬂQ%ﬁk%nsgﬁﬁﬁ?%ﬁ-?ﬂ@néﬁﬁﬁﬂcﬁYoFWﬁuﬁiQt¢redg,.. . |
S . > ~ A e e Vo 79 infrared rays emtted fromthe
heafﬁ%ﬁ% %ﬁ%n?qgﬁﬁ%eogmﬁﬂ;eﬁFfBoﬂéP?%f r%HEF HRedeEhipe . As a resuts
, thad i hy t ik nf r tted in unnecessary directions can
be restﬁﬁféd? V\ag{edr e%?v%'ﬂgr?{n ar eéﬁrdgl?ﬁia‘ﬁbtgf t he present invention

exhi bits good heal fd i) re, like.the reflection

pl ate, the refﬁﬂé(??o%@#e:c%mg?a?&énriﬁ%%ﬁggﬁifl‘#rsgnd‘ts st ai ned by

ext stnalc tahenerlcs wdtt Rael i 1MREERY Yor CFREES M t ?ttﬁg in the shape
n n

of the reflection filmand the ITke are”less significa t hose of the

r ef heatti-smptaieg AL Fck€Ssbh, ahhe3Bbghirte“i'necttﬂ%iéﬂr?{a hhfiohf I ection film
is maintained for a longer period than that of the re actron pl ate. The
i nf Pdeed. v ayhbahie aif i deepeamart inyenh@oraﬁ@&rskort@lémwﬁ@%ew“: its good
characteristics for along tinme. In the infrared ray | anp of the present
i nvBAtWSED byhper beiati gt ke emefritec2 4 oantl lvnathaapownti©nifgsi rabl e for the
heating elenent, the intensity of the infrared rays reflected by and

“eni PLOGNS ohf @ handeBBdctineréabmscamhexrdingr eReeddgl €+ spasi bicc di rection,
and the range of the high em ssion intensity can be narrowed. As a result,
t hetPRf COTERE By ceamP ef refucedesent i nvention having this kind of
reflection film becones a device suited for a use wherein the area in the
direction oppdfePddLthenefiree obhei PRdietibatdepdmtkdny, 36ar exanpl e,

- 80 Furthernore, in the

Sui for fixj and the like in a copier.

i nf%ggeﬁnr Ebel tﬁ%od’fgq'l R b7 sttt TROeFPREA i ke hpndiéngef | ection

fil ot it on desirahl e for the heating elenent, the intensity _
of t g&ie%?‘r aér}g% gg%stlrneq I %g?@?fn&y Za{da% i & rf?%gfﬁﬁ'é-trteifﬂ@cti on filmcan %

be vpdexsubsiant hal | . sa reby the range of the enmission intensity - "~
can be w dened.‘“ﬁg g)ért;egﬁ % {Eﬁteh\gbﬁ’n Sf%/l}’gd%r MBS of RN Dr esent

I Nweiné rebynAH N 0s t Rles de 1o BT +HES | i fi,l m hbeconmes .a device suited for a
use vvhe'reﬁ the enti redﬂf | at fa?:% &%a#lﬁggj B e;b)'feré%réﬁeldﬁ parallel with the

heating el emenheand Appesed B ethd f afl&cth PRl Bd S heayed,yniformy, for

exanple, suited for a toaster.
projected portion are circular and the number of each is

one is explained as an example in the embodiment shown in
FIG. 8; however, the present invention is not limited to

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



In the nmethod of producing the infrared ray |lanp in accordance with the
present invention, the reflection filmis formed by using the shape of the
gl ass tube. This facilitates the fornmation of the sem -cylindrical
reflection film In the heating apparatus in accordance with the present
invention, the infrared ray |anp of the present invention has simlar shape
as that of the conventional infrared ra47l anp; for this reason, the

71 rr e Red Aok D8 Sueply el great o, apparatue, can be repl acec
provt ol 1o, gaofasveohl onal (Sald T grperphls WA b Lalrared 1oy Tam
apparalls oendivesg GOSN ELALI o kg e OOl R ned and the heat g
opparalus abovhe e secsol AL AT, I0ghabil nyheaan Y indrcal
niensi y of {he em ssiameknble | NE 80w psRhg 2dsted Lo have o

heat i ng_ apparaiceund vier SLESSALyl HENHEYed{1Eq N5 E03LLY 5L Lhe [ nfrared

rays emtted in unnecessary directions ca e restrrc ¥ &R, even

if the refFEGti8ity Dérmbe Lakleat koA Bhalf ey igectivity of the
infrared ray lanp is not so affected as itrll)e%t?e ca%ee,po%]p%Eg %gﬁsgnt Féﬂal

appar at us, @sthreughe hiaife at®df 6 apeldanp hase & £ &6t ¥t oo s 4 %gaﬁon)
the heating efficiency of the heating apparatus in accordance wt Fhe

present in9&nthenhentupniitéing bhatkel 3w spaveyys onagl tapraragiys. I n the
heating apparatus in accordance with the present invention, by providing
the refl ect?Bnlfkembao tepbert Por tewi rasl énbertde harbi vt @R qnt e
intensity of the.,infrared rays reflected by and emtted fromthe re??ection
filmcan HOTREr d8sdds heaspem¥t tinyr bdidaks aBd tared r appe adfa tge hi gh
em ssion i nttlensit an be narrowed. As a result, the heating apparatus of
the present ?ﬁ?/'éﬁ%/’i Iedhg LR $he Reatinef ledmmentf 2l4m bearEst 11 devi ce
suited for_arusg wherein the area in the - 82
Structure, the heat-emitting blocks 35a and 35b can be

Processed easily, and the cost of production can be
reduced.

The heat-emitting block formed of graphite
having conductivity and an electrode terminal function is
explained as an example in the first and second
embodiments; however, the material of the heat-emitting
block is not limited to graphite; various materials having
heatresistancetu)tolZOOC, goodelectricalconductivity
and good thermal conductivity are applicable. Since
graphiteitselfis:unvinhardnessandstrengthforexample,
various materials enhanced in hardness and strength, such
4s a material obtained by mixing a carbide, a nitride, a

boride, etc. with graphite and by firing the mixture, a



direction opposed to the reflection filmis heated locally. Furthernore, in
t he 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 fromthe reflection filmcan
be made substantially the sanme, whereby the range of the em ssion intensity
can be widened. As a result, the heati A§ apparatus of the present invention

havi ng t himakkpd adf ohglyli86d fi.l.m becones a device suited for a use
wherein the entire fi gtaiﬁ-'a%ie%&‘ agﬂl&ﬂ gdass akble caphoal tel graphithe

heat i ng el em& by apdr 9RRO the reflection filmis heated uniformy.
Al t hough the pr esent i %vgglt@i @%xﬁélsr%'eeﬂf"ae%?i béHei,narer mppfi thB1Rr €sent |y

preferred enmbodi mentgpei fp under stood that such disclosure is not
to be interpreted as I?n%’fi %8?’%3?”\%&%%% hagethei 60d Landi mpdi £ £6aki ons

wi Il no dashaldeconreazPpp gy hose gi |led in the art to which the
present invention pertgip%s , g*’tggtre Ergevrrﬁ °pgdedeheidiesl expileniaisions

accor di nglof, theisirsterdry ddebnhhg MRPeNded, claims be interpreted as
covering all alterations and m)d!i'1 i cati onis}n%%tfsal | within the true spirit

and scope of the inventaesoribRYSTRIALL | CABI LI TY The present invention,
relating to a heating apparatus for ihea:tq:ﬁ% gge&ﬁ”st, iRpRRtienc.  tkan

provi de ~BeRtingportidns can 83 pRebeald ratys that emts infrared
rays hi ghlé efficiently and has aplong |iéf?gf%$’?'ﬁ§?‘ﬁd”aﬂw@ﬁfb§ﬁednrw | anp
wi del y usBBrd®gupesfosauloag aﬂﬂe?%éféﬁypfeviisdgg%s\éégiati | e apparatus

wherein the directivity of infrared ray enission 2% PE& adapendi ng
on_ an obj %Bthgr%eﬁemgd._amp having h.igh reliability and long life.
The infrared ray lamp of the bresent invention
_uees a heating element formed of a carbon-based substance
and _formed into a rod-like shape instead of the
conventional tungsten spiral filament, end the infrared-

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

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

emission rate of the infrared ray lamp is hignh.
Furthermore, since the rod-like carbon-based substance
has a negative temperature characteristic wherein the
resistance lowers as the temperature rises, it is Possible
to reduce the rush current at the time when the infrareqd
ray lamp of the Present invention ig turned on.
Furthermore, since the infrared ray lamp of the
Present invention is structured such that the heat-
emitting blocks having good conductivity are bonded to the

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

the resistance of the contact between the heating element



- 8 CLAIMS 1. An infrared ray |anp conprising: at |east one heating

el ement having a substantially plate shape, having recessed portions in the
vicinities of both ends thereof and fornmed of a carbon-based substance,
heat-em tti ng bl ocks having good conductivity to which both end portions of
said heating element are inserted and bonded, a sintered substance of an
adhesi ve forned and sintered%nm the bondi ng faces of said heating el enent
bonded to said heat-enittingﬁblocks at the regions in the vicinities of

apék e P RF £ PBAS BTG R AGRENE br BE PP T i BRELIP K £RP heat i ng el enent,
AR a 05 el S Bl T ek EA 8. Lo b o0 oynst ance of sald
a8, 1PTh BRacs0d, Lo R EhRRLY bldngRTBRgl e 1o oo ¢
reliability of the lead wire installation portions.

Furthermore, the infrared ray lamp of the
present invention has the structure wherein the projected
and recessed porticns.are forhed between the rod-like

é_arbon-based heating element and the heat-emitting blocks

and then bonded and fired via the carbon-based adhesive.
ﬁecause of this structure, the strength of the bonding
port:l_.ons of the infrared ray lamp of the present invention
becomes high. Furthermore, since the rod-like carbon-
based heating element and the adhesive for joining the
heat-emitting blocks are formed of similar material, their
thermal expansion coefficients are almost similar,
whereby it is possible to provide a highly reliable
infrared ray lamp not causing any accidents, such as
breakage, during on-off switching operation for a long

time. Furthermore, since the structure wherein the

rod-like carbon-based heating element and the heat-
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 quality at the time of the bonding.

In accordance with the method of producing the



[ s tube. 2. An infrared ray lanp in accordance with claiml,
3ﬁgrg{nsglgr8232 is formed in the f ace of said heat-eniptlpg bl ock bonded
to said heating elenent. 3. An infrared ray lanp conprising: at |east one |
heati ng el enent having a - 85 substantially plate shape, having recesse
portions in the vicinities of both ends thereof, and formed of a
car bon- based substance; heat-emtting3Bl ecks havi ng good conductivity and

N . i ' i in
ol ement. ;’F%fﬁéﬁav‘a“%ﬁﬁhfgﬁr%’s?E?%;“%&“s%‘%éﬁgn%&%gpet&%rﬁﬁ%éE%Z%S%si%a%ﬂﬁat "
ﬁggt e;ﬁthﬁnéggﬁgglﬂgé a i%ﬁggfEglﬁsﬁ%fﬁhgﬁél%g%;‘%?ggts 1(l;?\‘?“nlbgt h gnzaport i ons
includi ngHeabe6eS5%H in that its power consumption does not

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

the heating portions are brevented from fusing and

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

possible to enhance workability and to raise quality at

the time of the assembly and bonding.

(Third embodiment)

Next, a third embodiment of the present

invention will be described referring to the accompanying

drawings. However, the materials, sizes, production

methods and the like of the embodiment described below are

only examples preferable for an embodiment of the present

invention. The applicable range of the present invention

is therefore not limited by these examples.

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

infrared ray lamp in accordance with the third embodiment

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

thereof. 1In 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

= o



portions of said heating elenent, a glass tube in which said heating

el ement , said sintered substance of said adhesive and said heat-emtting
bl ocks are hernetically sealed together with an inert gas and | ead wires

el ectrically connected to said heat-emtting bl ocks, the end portions of
whi ch are taken outside said glass tube. 4. An infrared ray lanp in
accordance wth claim3, wheretnsa projected portion is forned on at | east
one of said heat-emtting blocks so as to be fitted into said recessed

por compwkseai @ m&h$hgnghﬂkﬁﬁ cyplipdnigahrgdass t@h® B8R laccordance with
claim1 , 2, 3 or 4, wherein said heat-emtting blocks are fornmed of a

car petdafail b shepdd Sstamredded AR porthyrand r&?/rFéﬁ’ﬁ‘Eﬁ ?&&ordance with

claim - 86
of this glass tube 301, a heating element 302 hermetically

sealed inside the glass tube 301, heat-emitting blocks 303
secured to both end portions of the heating element 302,
internal lead wires 304 for connecting the heat-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 poftion 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 haviné 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 vélue

adjustment substance such as a nitrogen compound and
amorphous carbon. The resistance value adjustment
substance is mixed to adjust the resistance of the heating
element 302. This resistance value adjustment substance
is used to make the resistance value of the heating element
higher than that of a heating element formed of only

carbon.



1, 2, 3 or 4, wherein said adhesive is fornmed of a |iquid carbon-based
substance that becones a carbon-based sintered substance when heated. 7. A
nmet hod of producing an infrared ray |anp conprising: a step of form ng
recessed portions in the vicinities of both ends of at |east one heating

el ement having a substantially plate shape and fornmed of a carbon-based
subst ance, a step of applying a |i-qsi2d -adhesi ve forned of a carbon-based
organi ¢ substance to the regions in the vicinities of both ends including

the recessed port Toes hefathng qbamend Shein agecordanse iwmkthtthg and
bondi ng both end portions of said heating elenent to the end portions of
heat enthirsg ebrdinernti AgSgdo® drtiuehrPia naYing Ag tddicknenesitve, a
step of drying and firing said heat-emtting bl ocks and said heatin

el ement °BoRdeéd My eaac‘ﬁiggﬁeﬂ', ofnd =0 simp (5t %&'e)al i AgSsB (feat ¥ hgC&l enent
and Salg.o mm (= 12t) and a length of about 300 mm. However, the
plate heating element 302 having a width T of 6.0 mm (=
12t) is shown in FIGS. 9 and 10.

rI;he heat-emitting blocks 303 secured to both end
portions of the heating element 302 are formed of a
carbon-based substance similar to that of the heating
element 302. The shape of the heat-emitting block 303 has
a subétantially cylindrical shape having about 6 mm in
diameter and about 20 mﬁ in length. A slit 303a, in which
the longitudinal end portion of the heating element 2 1is
inserted, is formed 1h the end face 303b of the heat-
emitting block 303 opposed to the heating element 302 so
as to pass through its center. The heating element 2 is
fitted into this slit 303a and secured to the heat-emitting
block 303. The internal lead wire 304 is wound tightiy
around the central portion of the heat-emitting block 303,
théreby forming a close~contact portion 304a.

The cross-sectional area of the heat-emitting
block 303 is sufficiently larger than the cross-sectional
areé of the heating element 302 (about nine‘times or more
in the third embodiment). The resistance value of the

heat-emitting block 303 is therefore sufficiently smaller

than the resistance value of the heating element 302. As



heat-em tting bl ocks inside said glass tube together with an inert gas, and
of taking the end portions of the lead wires electrically connected to said
heat-em tting bl ocks outside said glass tube. 8. An infrared ray Ianp
conprising: a heating elenent having a substantially plate . ,r,~~
87 shape, the width of which is larger than "its thickness by five
times or nore, a glass tube in whi 68 said heating element is hernetically

| ed, _and | ect rodes enbedded at both end portions of said glass
ts 5ge,e éelree&qi%glw RGP & I s thierugh the herbinge bempptt

respeciiyely.a so.electrically connected to an external electric
ci rguﬁéyéé{%npﬁﬁﬁ)ﬁ?é nrgaflled‘i‘ﬁ)n¥n3%c81363ﬁ@é5%thﬁ%tal the heat
generation at the heat-emitting block 303 itself is

sufficiently smaller than that at the heating element 302
and négligible as described later. 1In addition, although
heat is transmitted from the heating element 302 to the
heat-emitting block 303, part of the heat is emitted from

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

the amount of the heat transmitted from the.heat;emitting
block 303 to the internal lead wire 304 is very scarce,
andtheinternalleadwire304istmereforenotoverheated.
The internal lead wire 304 is formed of
molybdenum or tungsten, and 1s a conductive wire of about
0.7mm in diameter. The internal lead wire 304 has a spiral
coilportion304bfollowingtheclose-contactportion304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger th'an the ciose-contact portion 304a
by about 0.5 to 1.0 mm in diameter, and is provided so as

to be coaxial with the center axis of the heat-emitting

block 303. The spiral coil portion 304b is disposed away
from the side face of the heat-emitting block 303 by a
predetermined distance so that it can expand and contract
like a coil spring in the axial direction of the heat-
emitting block 303. 1In addition, one end of the internal
lead wire 304 1is secured to the metal foil sheet 305 by

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



8, further conprising: two connection devices secured to both end portions
of said heating el enent respectively and electrically connected to said
heating el enent, and | ead wires secured to said connection devices and said
el ectrodes so as to pull both ends of said heating el enent at a '
predeterm ned tension and used. to electrically connect said connection
devices to said electrodes. 10 . AnS4dnf-rared ray |anp in accordance with

claim?9 vvhere*)n ?lgi (1 connecti on device has a heat-em tting block, the
cross- se2fi BRaPOLtPegidesuata Al led (29 thak eashcpésthemcbecealesr ea of

sai d heati n%r':el %rreq:to on a ‘%ane erpendicular to the direction of the
cur r ent - PR G P O AR AR EVRES ! d Retbfe e ng it wd rp Ll @l peekd®n sai d | ead
wires f bei over heat ed em tting heat transmtted from said heating
el errentiﬁg}’_ggg'g_noﬂm?fAﬁ'aepﬁ )(’ar é”d“er’é?/gYaFrgei Redddh daptemngnth 39%i m 8,

wher ei njrg gefdgsddon filmfor reflecting infrared rays is provided on the

i nternal>of external face of said gl ass tube so that the em ssion intensity

of said infrared rAgyaeggktitbeedd 55%%5121%% ? aet tggFﬁg%B gt_ hasrbt'}aaﬁirlf*\eeﬁt er m ned

distribution. 12 .""An infrared ray a

s g asian TSRSy UM NGRS EHIRAY |, o

substantially “coaxial wth e center 1I'n sal d

| ongi t uehh D2l sHiefeB | D5t hghgOh i i I Lal Ly .simlar
| ength as thgt of the infrar e%ur Zﬁ%#ﬁsépﬁ‘&ﬁ%ﬁb@ a@éﬂfg ﬁ)'e{éitelsng el enent

1S . #iersbranyd M {AtRrhalaaedlanceedi 504C! AiBridny bEEG-ad e Cross
section of said reflection filmhas a shape fornmed of a}f)art of a parabol a

havi ng stablgcusAsubatiantiiald y toie hatten§ed16hBRL0803aLd Heali-ag el ement
inh the longitudinal direction thereof, along substantially simlar |length

as thatsofthat théraeaderay ievs olf R ePWdd ©1n §f e S8indnkeBi2ng nele@ENt . 14 .
‘An infrared ray lanp in accordance . with claim 11, wherein the cross section

of sai dorgisudionlidivdatianstiapeebd tredadi gaedwi tof tBB €khirpge having
one of its focuses substantially on the center line of said heating el enent
in the 3%hgi elidithe @lasstitobea R9kof, al ong substantially similar |ength
as that of the infrared ray emtting portion of said heating el enent.

In addition, the spiral coil portion 304b of the
internal lead wire 304 has a function described below. As
described later, when a current flows through the heating
element 302 and the heating element 302 generates heat,
the temperatures of the heating element 302 and the glass
tube 301 are raised by the heat, and they undergo thermal
expansion. At this time, a thermal stress occurs between
the heating element 302 and the glass tube 301 because of
the difference between their thermal expansion
coefficients. This thermal stress is absorbed by the
elasticity of the spiral coil portion 304b. Because of
this structure, in the third embodiment, the connection

between the heat-emitting block 303 and the metal foil

sheet 305 via the internal lead wire 304 is not impaired




-8 15 . Aninfrared ray lanp in accordance with claim 12, wherein. the.
central portion of the cross section of said reflection filmis disposed so
as to be opposed to the wi der side portion of said heating elenent. 16 . An
infrared ray lanmp in accordance with claim 12, wherein the central portion
of the cross section of said reflection filmis disposed so as to be
opposed to the narrower side portisg of. said heating elenent. 17. A
heating apparatus provided with an infrared ray lanp conprising: a heating
el emehY Kaei ifrermabssdmess |y plate shape, the width of which is larger
than its thickness by five times or nore, a glass tube in which said
heating el enent Tt¢ mateti Eally sdeetd308nd st o et Eybdenasn dibblided at both

end portions of said glass tube, electrically connected to both ends of
sheet measuring about 3 mm by 7 mm by 0,02 mm (thickness).

The inner lead wire 304 is secured to one end of the metal
foil sheet 305, and the external lead wire 306 is secured
to the other end thereof. The external lead wire 306 is
formed of molybdenﬁm and welded to the metal foil sheet

305.

When a voltage is applied to the heating element
302 via the ekternal lead wires 306, a current flows
through the heating element 302. Since the heating
element 302 has a resistance, heat generates from the
heating element 302. At this time, the heating element -
302 emits infrared rays.

Part (a) of FIG. 11 is a graph showing the.
distribution curve of the intensity of the infrared rays
emitted from the heating element 302 of the third
embodiment. Part (b) of FIG. 11 shows the cross section

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

embodiment having the heating element 302. The x and Y
axes shown in the parts (a) and (b) of FIG. 11 are orthogonal
coordinate axes on a plane perpendicular to the axial

direction of the heating element 302 shown in FIG. 10. In
the parts (a) and (b) of FIG. 11, the origin O corresponds
to the center axis of the heating element 302. In the graph

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



said heating el enment respectively and also electrically connected to an
external electric circuit. 18. A heating apparatus in accordance with claim
17, wherein said infrared ray |lanp further conprises: two connection

devi ces secured to both end portions of said heating el enment respectively
and electrically connected to said heating elenent, and | ead W res secured
to said connection devices and sais®é el ectrodes so as to pull both ends of
said heatin - 90 element at a predeternmi ned tension and used to

el ectd3E@FFyofighies Lgniat e ohpecemds soncdntienshty ofedtheddes. 19 . A
heat i ng_apparatus in accordance with claim 17 or 18, further conprising a
ref | dRFHATEATEYDr RBA d¢ njailnesarkl thgs clrewmtergatiaknsity of said
infrared rags emtted fromsaid_heating el enent has a predetern ned

di r e A oRGF LA (1934 P8Rt AN ALRSaM P appaPRAl v hKBEoaRmE®TW th clai m

axis on the plane perpendicular to the axial direction of
the heating element 302. These angles are designated by
angles from the positive direction of the x axis.

The thick solid line 307a, the thin soiid'line

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

designate the intensity'distribution curves in the case
when the width T of the heating element 302 is 6.0 mm, 2.5
mm and 1.0 mm, respectively. Since the thickness (t) of
the heating element 302 is 0.5 mm, the intensity
distribution curve 307a is obtained in the case when the
width T (6.0 mm) of the heating element 302 is 12t, the
intensity distribution curve 307b is obtained in the case
when the width T (2.5 mm) of the heating element 302 is
5t, and the intensity distribution curve 307c is obtained
in the case when the width T (1.0 mm) of the heating element
302 is 2t.

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

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

are emitted from the infrared ray lamp stably, the amount



18, wherein said reflection plate has a semi-cylindrical shape being
substantially coaxial with the center axis of said infrared ray lanp. 21
A heating apparatus in accordance with claim18, wherein 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 . 22.
A heating apparatus in accordance w-tis7clai m 18, wherein the cross section
of said reflectionfplate has a shape formed of a part of an ellipse having
one of it8%fbREsAREFARYANERYF| §S BRASNE edAbraauositiamilbcatear ad ray
atin%éﬁgparatus I n accordance with claim19, wherein the

o2 d aRRut o0 @Mmmhjawayifremi e pﬂ@m‘eerslﬂheposgg

lanp. 23. A h
ceg?ral pﬁ???%ﬁqﬁ

so as to gpposed to the wi der side portion of said heating el enent.
A heati nngBSQ 5?11%11? 0 a%goFag'nce“voi t‘-hé)cﬂaﬁrrheatlm elomenter¥® the

ectjon of
central RSr&i%%é¥1é§ep3£8%%dicu ar thereto. At this time, the

amount of infrared rays reaching a predetermined minute
area at a predetermined position is measured. This

measurement is repeated while the angle with respect to
the heating element 302 is changed, with the distance from
the origin 0 being maintained constant. As the result of
thismeasufement,fheintensitydist:ibutioncurves307a,
307b and 30-7c 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 thé
ratio of the width T to the thickness t of the heating
element 2 becomes higher. When T= 5t in particular, that
is, when the ratio of the width T to the thickness t is
five or more, the emission intensity in the y axis
direction is significantly lower than that in the x axis
direction.

When the infrared rays are emitted unequally as
described above, for example, when only a predetermined
region is desired to be heated, the region should be placed
on the x axis. On the contrary, when only the

predetermined region is not desired to be heated, the



said reflection plate is disposed so as to be opposed to the narrower side
portion of said heating elenment. 25. A nmethod of producing an infrared ray
| anp, conprising: a step of formng a glass tube by formng glass into a
substantially cylindrical shape, a step of hernetically sealing a
substantially plate heating elenment ) the width of which is larger than its
t hi ckness by -five tines or nore, -i ggi de said glass tube so that the center
line of said heating elenent in the |ongitudinal direction thereof is
subst antigdldry stoexidl bai ph adesd cemt theayi axifs saikls ghasestulde, famd a step
of formng a reflection filmfor reflecting infrared rays into a

subst ahhealthiséneobbddmental thepemd:s sien eknsemsltrceanf hiawe cyl i ndri cal
shape of said glass tube so as to substantially include the range of the

di sposfitreeivityd ¢eani hf spehentrehlention Rlakie af ithat Medf. 26 . A
met hod of producing an infrared ray |lanp, conprising: a step of formng a
gl ass fakFe Wie fePRVAP tdional  krbraredhidnt 1Py Sékﬂ‘?’hd%?c&%%hape, a step

of formng a reflection filmfor reflecting infrared into a
predetépé%ﬁipentioned FIGS. 25 and 26 ig not prov{gzg.

The heating element 302 of the third embodiment
is formed of a carbon-based substance consisting of a
m;xture of crystallized carbon such as graphite, a
resistance value adjustment substancé such as a nitrogen
compound aﬁd amorphous carbon. As described above, the
carbon-based substance used as the material of the heating
element 302 has an infrared ray emission rate higher than
those of the conventional nichrome and tungsten. For this
reason, when the carbon-based substance is used as the
heating element 302 of the infrared ray lamp, the
efficiency of the emission from the heating element 302
is higher than those from the conventional heating
elements.

Furthermore, since the resistance value of the
heating element 302 of the third embodiment is higher than
those of the conventional heating elements, even if the
surface area of the heating element having the shape of
a rod, a plate or the like is smaller than those of the
conventional heating elements, the heating element can
emit infrared rays having sufficient intensity. As a

result, since the surface area of the heating element 302
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hernetically sealingssai-d heating el enent inside said glass tube. T
Au. AL AL. AH&. Au. A. .AlU A Afa .AFA.A .AU .ALL.A . Al & A& A &. A Al9. AL. A
169rt HsnAlhdks lafAEBeA oAveAiThonal haptinge lemeR=xts,
s% A3VR. Al u_. AuL. AsyL. A9. Ay9r. Al Lr. AHL. As. AA9. Ak9. As. Au'r. A. Aay. A3. A. Asy. A9
11 AYKEnAfAdn ABhdgheasdingoe hpBeRt: B9 aAyogthe 9o mas
. A& A. Ah& AU9. A&9. A . AsU9. AU% A, . Al . A{. AYh&.AﬁB.@_SQ. A3
thele 1 ARNALL Abrs@ance., WreRebY 88181 FRTI AV " AolenN . ALDgw) 8b E- 3'
}[]_a -|wnmhc”Y] ca] calca]ca] calcalc cal.c ] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
néaa] eajicss tapcEreM ctat}%a]iea]t&}%q cf‘a?%{]&%‘ aﬁ‘}dﬁc‘f et $$%
o%&' (()2*c*,7,{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca]
cteafica] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca! 7, A. G /33344s6699Y<D=>>>] CC
CCCYD&DND' DDE; E<EUEEDF} xsni d

VA &
a] cBeeapss) of] t&ec FH %éTng&]é)}ngeg% %%%}Jgg]'cg]hcamﬁ] 8a] ca] ca] ca] ca]calca]c
| DFEFZF{ EFF HiH JJIL gNTXXPR mhch
n?]c‘gggg]aalggﬁa]é%aéﬂpgaﬁz%éﬁ%ffca caJ caJca] Ega?aahg‘abf'(r:a] gjé* a] ca] CL}N(r:a] ng 1ol ]Cc

oB) RPCAEL EE] 2] B AT Aoy ap Ca o € 1o ca ] é\%ﬁé}e}:i]—c;} car e

a%)fc . ?%gg]gﬁg]hl}cﬁ%ﬁilaém‘ﬁ gf%‘ba!t]@obbbbh(i@ﬁ‘@ﬁcﬂﬂdﬁ%@f

] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] 'éé] cajca-

mentioned FIG. 24, of the conventional infrared :=-—ray
aving the heating element 240 formed of nichrome==- or
en.

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

stively.

However, the fact that the heating element - 3q2

rmed of the carbon-based substance is not essSen.- -ja]

> present invention. Even if the heating element - 393
rmed of the conventional nichrome or tungsten, when
idth T of the heating element 302 is larger thaun - jtg
ness t by five times or more, it is possible toob: - <54
sion intensity having such relatively high

:tivity'as those indicated by the intensity direc - -=40on

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



ndnnnnnno[ pq} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] calcalca]ca]cal gRsYs sss't-tWtt#uuuvivdvlv
Wj vvvvwawDwEwbwdwgwi ww( vgl f a[ UU] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal Wi XXXXXXXXYY
$yyy_zzzz& M {{{{]|

|| }}Ov~ytoje [V vqgl fa] UU] ca] ca] ca] cale®alca] ca] ca] cal] cal] ca] ca] caU] cal] ca] c
al] ca] cal] ca] cal] cay.ca] calU] cal] cal] cal] ca] cal] caU] ca] ca8BpRs

(* CD} xsni d_ZU] ca] cadugRaFbg] bgjadeing] edepeaitc 39 2 ap EaltbaU|tred cal] ca] ca]
calcal]calc calcal cal] cal cal ca] ca] caU] ca! DKv67+2CDWKgx7c| w mhc”Y] ca] ca] ca
] c!a] c!a] c‘%’]‘%?ghleé'la‘b] ’%:%f %SFL&PET—O‘HJ:%?Q}'::J]&P@Q &d}%aﬁbap@gpe‘a}acaqm] c;;(]a] c!a] c!a] c
a] ca] ca] £ ] ¢al cal G7>4ant 4buJz+-} w nhc”Y] ca] ca] ca) ca] ca] ca] cal] ca] ca] ca] c
a] ca] ca‘]éa%gg] g'g] EXPA AT CaF B P RaP ¥ A PHca] il digaELBS] edlemart|eB] ca!l - DKy

?2@KL7h53; 4 ; . . . .
8zupkf am&]ﬁfgg]tc% LaPEArE ek Lird kefche i e i tRd e pameay] cal] ca
8?2.v0j |l p4_uv,
Lol uby 8 1 TEa A b e SO SRR i dad thpcapiems dmac
S
252} C?%ﬁ%@?%f%%ﬁiﬁ%‘%ﬁ:g%;‘?ﬂéé ]c?g]%(?a OFt f Aghieg) BsfP8%Ta] ca] cal ¢
L #68: 2FE .
xani 02U o8] ool ool chfonan a8 caf EhOR e LR e ey damRaBy ca) cau
amb TN S?~\
} \(/:v?]nﬁgl\ﬂ cafgi;]ggﬂg]:?a] cal %g}aggj] ggdt)fgg 2l§]hc?a]éé?aﬁ:%af'8§] gé]%%lf%afgg] g‘aﬂ caJ ca] ca
] ca] ca] catphatapdh]|as] £a] ebadlld] CBhe pP¥Bent invention is. not
IKI'}IT#}xsni d_Z] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]calca]ca]calca]ca]ca]c
a] ca] cajlcahttpdakoajrhdls & ioed cof cot eabealed! #HNABShse. WhedrEie— Y- -1/ /
[1212f 39333333 _4a4} xsnmhb] W] c”*a] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
]8§g]gca] F,Bal}@lal]}tapéa]t@@] dedxta] tagnamda]toad cht6m] €hlkC alet PrgS022RAEHE 6N667788
<h::':’:@'<9??hl@c®@}t>emadl_ A#2d) wikes dad cedentealkoalttal ek tahealkealcal cal cal
ca] ca] ca].ca] ca] c”a] ca] ca] c*a] ca] ca] c”a] ca] cMa] ca] c”Ma] ca! DCHHHI KJINQNNNNCOL OCO
oopwzpﬁr%g@@éxgamﬂa 8S} wdmies Aeaped] oaleodl eat ed] fafcakaalpdal aal cal cal ca

] ca] ga] %aéccal]:ggllcé%]gja}{ﬁag cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! SQTWR XXZ1Z[\ Z

la] (¢} he'specifications of an infrared ray lamp,
aHabb5f 7£Jfrf.gq%h, hii G }j) nWi xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ggﬁ%aﬁ%&]‘ﬁﬁ}%ﬂ Jg‘g]%éf ca tapdarc Hlegksa]ang coht slted d& nmmo| oo

U8 &S- 4 t Wit < / id Z aJca] ca] ca]ca
i)(rz)g]r cif%a{]ssgdz] %gﬁ';]c::{a\lat]]tea}/g}lg\gbég?)éaﬁ;]sgg] Ea} gg} gg} gg} gg} gg} ga} ca} ca} ca]! ly

yyxzz| | Zt(-f.]L)%} @Cﬁ %%ﬁf@?@;{@ >v} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

a] ca] ca] calJcal ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal, X- gx' .

"Py: P ' .

| \;P/)r/ngb] X] c] ca] ca] c%?f%é] ga]fcoa rc%?cgj“(l:)g]dcla Y c8F c AP REFEEPEA] ca] ca] ca] ca]

3 | > .

Lt ob] Xl ooy e o F L e oL B L ERF S sty gpompanying

?‘][ \C/Ja} cafieajwial ¢8| cafiorbleal cajka] makealial €2l 6akedl c)£8450 QT NBI{ upj-e
c

a] ca] capedtiady eald cald ddkeabcaine] embodlieadce]ded ¢rl sahkcst¢al sakcal cal caj

ca] ca] ca] ca] ca]ca] ca] ca]ca! ./ MNPQUF@ 5f ! { vgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca]

Cﬂ Zg{ capdd] exjam bef @f efprapdal calcahcahvaldiajent cof el 6 gl casbaa] cal ca c

al!

- j 3eB[ ) ¥BVERdHi on 7] | The a3 ral & spddle ahcaj e alfc aheaprajeal t dlmad el 6a) cal ca] ca

] ca] ca] ¢a] ca] ca] ca] ca] ca] ca cal.ca] cal] ca] ca] ca! &yq(Z9i/ S| wnmnmhc] X]]] caU] ca] ca

Jc alc 1s’ 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
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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. -

furthermore,_in the fourth embodiment, simiiar
componeﬁts as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fourth embodiment
has a reflection £film 301a for infrared rays in a constant
range on the external face of the glass tube 301 as shown
in FIGS. 12 and 13, in addition to the structure of the
third embodiment. The reflection film 301a is a gold thin
film evaporated on the external face of the glass tube 301
SO0 as to have a thickness of about 54m. This reflection
film 30la reflects about 70% of the infrared rays emitted
from the heating element 302. As shown in FIGS. 12 and
13, the reflection f£ilm 30la is disposed between the
heat-emitting blocks 303 provided on both sides, in other
words, disposed at a position opposed to the light-
emitting portion of the heating element 302 in the
longitudinal direction thereof. This reflection film

30la has a semi-cylindrical shape, and the internal face
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of the reflection £ilm 301a is disposed so as to be opposed
to the wlder side face 302a of the heating element 302.

Part (a) of FIG. 14 is a graph showing the
distribution durve 307d of the intensity of the infrared
rays emitted from thé heating element 302 of the fourth
embodiment. Part (b) of FIG. 14 shows 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
orthogonalcoo:dinateaxes<n1aplaneperpendicul&rtothe
axial direction of the heating element 302 shown in FIG.
13. In the parts (a) and (b) of FIG. 14, the origin 0
corresponds to the center axis of the heating element 302.
In the parts (a) of FIG. 14, the values in the radial
directions designate the emission intensity of the
infrared rays, and the values in the circumferential
directions designate angles with respect to the center
axls on the plane perpendicular to the axial direction of
the ﬁeating element 302. These angles are designated by
angles from the positive direction of the x axis. The
éoncentric gradations for the emission intensity in the
part (a) of FIG. 14 indicate the same values of the
gradations in the part (a) of FIG. 11.

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

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

As indicated by the intensity distribution curve
3074 in the part (a) of FIG. 14, the infrared rays from
the heating element 302 are emitted most 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 element 302 (the right direction in the part (b)
of FIG. 14). The maximum emission intensity i1s about 1.5
times as high as that of the’infrared ray l_amp of the third
embodiment.

On the other hand, the infrared rays from the
heating element 302 are hardly emitted in the negative
direction of the x axis, that is, in the.direction wherein

~ the infrared rays are shielded by the reflection £film 301a
(in the left direction in the part (b) of FIG. 14).
| When the intensity distribution curve 307d in
the part (a) of FIG. 14 is compared with the conventional
_1ntensity distribution curve 271 indicated in the part (a)
of FIG. 26, the emission intensity in the conventional
intensity distribution curve 271 is substantially uniform
in a wide angle range near an area in the positive direction
of the x axis. On the other hand, in the case of the fourth
embodiment, the emission intensity gradually lowers as the
distance from the x axis in the positive direction thereof
increases. As a result, the emission intensity in the

fourth embodiment is larger than that of the conventional
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example, and the range wherein the intensity becomes a
maximum value in the fourth embodiment i1s narrower than
thét in the conventional example.

The infrared ray lamp of the fourth embodiment
is thus Suited_to a case wherein an object disposed in the
positive direction of the x axis i1s locally heated for
example.

In the infrared ray lamp of the fourth embodiment,

the reflection £ilm 301la is produced in accordance with
the following forming process. ' _ 53&L ¢f

(1) The glass tube 361 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 301la.
(Step 3)

By forming the reflection £film 301la as described

above, the reflection £ilm 30la can be formed .by using the
ekternal shape of the glass tube 301. As a result, the
reflection f£film 30la having an accurate semi-cylindrical
shape can be formed easily.

In the above-mentioned process for forming the
reflection £film 30l1la, step 3 may be carried out before step

2.
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Furthermore, the reflection film 30la may be
forméd by transfer or the like, instead of evaporation.
In this case, transfer is carried out as described below.

(1) A mixture of resin, gold and glass is formed
into a.film and bonded to the surface of the glass tube
301.

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

Transfer is qarried 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
30la in the fourth embodiment, used as a reflection face,
is made close contact with the external face of the glass
tube 301, the internal face does not make contact with the
air. In the conventional infrared ray lamp shown in the
above-mentioned FIG. 25, the reflection plate 280 is
disposed with a predetermined Space provided from the
glass tube 201; for this reason, the reflection face of
the reflection plate 280 is stained with adherents and the
like from the outside; however, this kind of problem has
been solved in the fourth embodiment.

In the fourth embodiment, the reflection film
30la is formed into the shape of the external face of the

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

maintained in the shape. The reflection film can be
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time than the reflection plate 280 used for the
conventional infrared ray lamp.

As described above, in the fourth embodiment,
the reflection fiim 30la is maintained for a long time,

and the reflectivity of its reflection face does not lower.

The infrared ray lamp of the fourth embodiment therefore °

maintains its good characteristics for a longer time in

comparison with the structure wherein the reflection plate

280 is installed ih the conventional infrared ray lamp.

In the fourth embodiment, the structure:wherein
the reflection film 30la is formed on the external face
of the glass tube 301 is described as an example; however,
the present invention is not limited to this structure;
the structure wherein a reflection film formed on the
internal face of the glass tube may be used. However, in
the case of such a structure, step 3 must be carried out
before step 2 in the above-mentioned process for forming
the reflection f£ilm.

In the case when the reflection film is formed
on the internal face of the glass tube 301, the reflection
film is not exposed to the air, and its reflection face
is not stained with adherents and the like. For this
reason, just as in the case when the reflection film is
formed on the external face of the glass tube 301, the good

characteristics of the reflection film are maintained for
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a longer time without causing any changes with time in
comparison with the case when the reflection plate 280 is
used for the conventional infrared ray lamp. However,
since the reflection film formed on the internal face of
the glass tube makes éontact with the high-temperature’ gas
inside the glalss 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 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
reflection film 30la is described as an example in the
fourth embodiment, metals other than gold, such as
titanium nitride, silver and aluminum, can be used; metals
having high réflectivity for infrared rays and being
stable at high temperatures are applicable.

The reflection film 30la having a semi-
cylindrical shape is described as an éxample in the fourth
embodiment; however, the present invention is not limited
to this shape:; various shapes are applicable in
consideration of the reflection direction of infrared rays.
Instead of the semi-cylindrical shape, the shape of a part

of a clrcle, a parabola or an ellipse in cross section for

example may be used as the shape of the reflection film.
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| of straight and curved lines (the shape of the letter U

for example) or a flat shape in cross section. The shape
of the reflection £ilm 30la should only be a shape suited
for obtaining the desired directional distribution of the
e_mission intensity of infrared rays. To form the
reflection £film 301la having this kind of shape, the portion
of the glass tubé wherein the reflection film 30la is
formed by evaporation or the like should only be formed
into a shape corresponding to the desired shape of the
reflection £film; this can be attained easily by taken the
method of forming the reflection film 30la described
before.
{Fifth embodiment)

Next, a fifth embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples.

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

infrared ray lamp in accordance with the fifth embodiment
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thereof. In addition, FIG. 16 is a perspective view
showing the infrared ray lamp of FIG. 15. However, since
the central portion of the infrared ray lamp can be
understood from both side portions shown in the figures,
the central portion of the infrared ray lamp is not shown
in elther of the figures.

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

The infrared ray lamp of the fifth embodiment
has a reflection film 301lb for infrared rays in addition
to the structure of the third embodiment, just as in the
case 6f 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
above-mentioned fourth embodimént. Although the _
reflection £ilm 301la of the fourth embodiment is dispoéed
so as to be opposed to the wider side portion 2a of the
heating element 362 (FIGS. 12 and 13), the reflection £ilm
301b of the fifth embodiment is disposed so as to be opposed
to the narrower s;'Lde portion 2b of the heating element 302.

The material, thickness, reflectivity, shape

aﬁd forming method of the reflection £i1m 301b of the £fifth
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rays emitted from the heating element 302 of the fifth
embodiment. Part (b) of FIG. 17 shows the cross section
of the central portion of the infrared ray 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 the axial
direction of the heating element 302 shown in FIG. 16. The
x axls corresponds to the thickness direction of the
heating element 302, and the y axis corresponds to the
width direction thereof. In the parts (a) and (b) of FIG.
17, the origin 0 cox_:responds to the center axis of the
heating element 302. In the part (a) of FIG. 17, the \}alues
in the radial directions designate the emission intensity
of the infrared rays, an_d the values iﬁ the circumferential

directions designate angles with respect to the center

axis on the plane perpendicular to the axial direction of

the heating element 302. These angles are designated by
angles from the positivé 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
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i1s the same as that of the third embodiment, its
explanation 1s omitted. .

In the infrared ray lamp of the fifth embodiment,
the positive direction of the y axis (the direction _of the
arrow of the y axis in FIGS. 16 and 17) is the dlrection
of the internal face of the reflection film 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 vicinilty 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 301b as a matter of course.

When the intensity distribution curve 271 of the
conventional infrared ray lamp shown in the part (a) of
the above-mentioned FIG. 26 is compared with that of the

fifth embodiment, the angle range in the direction wherein

the emission intensity is high in the fifth embodiment is
wider than that in the conventional example.

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

and in the case when the entire flat face of the object-
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to be heated, which 1s perpendicular to the y axis, is
heated uniformly.
{sixth embodiment)

Next, a heating apparatus using the infrared ray
lamp in accordance with the present invention will be
described as a sixth embodiment.

The 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 conventlonal infrared ray
lamp. For this reason, in a heating apparatus having the
conventional infrared ray lamp, it is easy for ordinéry
engineers skilled ;n the related art to replace the
infrared ray lamp with one of the infrared ray lamps in
accordance with the first to fifth embodiments.

Heating apparatuses each having the
conventional infrared ray lamp that is replacéable with
the infrared ray lamp of the present invention as described
above are the following apparatuses, for example.

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

kotatsu (a Japanese traditional heating device), an air
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conditioner, an infrared treatment apparatus and a
bathroom heater

(2) Drying apparatuses, such as a clothing drier,
a bedding drier, a food treatment apparatus, a garbage
treatment apparatus, a heating-type deodorizing
apparatus and a bathroom drier

(3) Heating-type sterilizing apparatuses

(4) Cooking apparatuses, such as an oven, an oven
range, an oven toaster, a toaster, a roaster, a warming
apparafus, a yakitori cooker (skewered chicken cooker),
a cooking stove, a defroster and a brewer

(5) Hairdressing apparatuses, such as a drier
and a permanent wave heater

(6)Apparatusesforfixingletters,1mages,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 fof thérmal transfer 6f an
original film to an object by heating

. (7) Soldering heaters

(8) Driers for semiconductor waferé, etc.

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

(10) Industrial coating driers
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In other words, an apparatus for heating objects
by using an infrared ray lamp as a heat source can be an
apparatus whose infrared ray lamp can be replaced with as
described above.

FIG. 18 is a perspective view showing the
positional'relationship‘between.the infrared ray lamp and
the infrared ray reflection plate 308a of the heating

apparatus of the sixth embodiment. InFIG. 18, the central
| | portion of the infrared ray lamp is not shown. Furthermore,
since the 1nfra£ed ray lamp used herein is the infrared
ray lamp described in the above-mentioned third embodiment,

its explanation is omitted.

The reflection plate 308a of the sixth
embodiment is formed of aluminum, has a semi-cylindrical
shape measuring about 0.4 to 0.5 mm in thickness, and has
a mirror-finished reflection face on its internal face.
The infrared ray reflectivity of the reflection plate 308a
is about 80 to 90%. The reflection plate 308a is disposed

in parallel with the center line of the heating element

302, with a predetermined space provided from the external
"face of the glass tube 301. The reflection piate 308a is
installed by using the center line of the heating element
302 as its center. As shown in FIG. 18, the reflection
face, that is, the internal face of the reflection plate
308a, is disposed so as to be opposed to the wider side

portion 302a of the heating element 302,



10° 10°(!'10% & ()- .vbC 10 109 ()-L&LO% ()- 10 10 10, & 109%& ()-'

“$ 109& ()-s! 109& ()-m 0j | aBbC 101 Y(109%& ()-S |

109 ()-S) 109%& ()--!(S)10%$x$& ()-- 10%& ()- MLO% ()-nbC 10

10% & ()-:110% & ()- L:10% & ()- 10 10 101, !109& ()- M&*;)10%.& ()-4_aVK@ 10

10/ 10/ | -
10/ ys3: 1 10% & () - IMLO% & () - +& 10% & () y&* 10% & ()-!110% /& ()-89:; wi [ M@

The reflection plate 308a formed of aluminum is
explained as an exainple in the sixth embodiment; however,
instead of aluminum, materials having high infrared ray
reflectivity and being stable at high temperatures, such
asgold,titaniumnitride,silverandstainlesssteel,are
applicable.

The reflection plate 308a having a semi-
cylindrical shape is explained in the sixth embodiment;
however, its cross section can also take other shapes, for
example, a shape having a part of a circle, a parabola or
an ellipse; or a shape formed of a combination of plural
straight lines, such as a part of a polygon (the shape of
the Japanese letter """ 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 instailing the reflection plate 308a as
described above, the directional distribution of the
emission intensity of the infrared rays has substantially
similar'éhape as that of the intensity distribution curve
307& in the fourth embodiment shown in the part (a) of the
above-mqntioned FIG. 14. With the above-mentioned
structure, it is possible to obtain infrared rays having
similar directional distribution of the emission

intensity as that of the infrared ray lamp of the fourth
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embodiment. As a result, the heating apparatus of the
sixth embodiment is suited for a use wherein an object
disposed at a position opposed to the reflection face of
the reflection plate 308a is heated locally for example.

The emission intensity of the infrared ray lamp
of the third embodiment has directivity in the x-axis
direction as shown in FIG. 11. For this reason, in the
heating apparatus of the sixth embodiment, the emission
intensity of the infrared rays bjr 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
dase 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
deécribed as a seventh embodiment.

The infrared ray lamp of the heating apparatus
of the seventh embodiment is structured such that the
reflection plate 308a described in the above-mentioned
sixth embodiment is disposed 90 degrees rotated around the

center line of the infrared ray lamp.
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As shown in FIG. 19, the reflection face, that
1s, 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 equal
to that of the fifth embodiment shown in the part (a) of
the above-mentioned FIG. 17. In other words, similar
directionaldistributionoftheemussionintensityasthat
of the fifth embodiment can be obtained by using the
infrared ray lamp of the third embodiment. The heating
apparatus of the seventh embodiment is thus suited for a
use wherein the entire flat face of an object placed in
parallel with the heating element 302 and opposed to the
reflection plate 308b is heated substantially uniformly

for example.

Furthermore, the infrared ray lamp of the third
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adherence of stains, etc., the effect on the directional
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.
In the infrared ray lamp of the present invention,
the intensity of the infrared rays emitted £rom the heating |
element has directivity described below. 1In other words,
the emission intensity of the infrared rays becomes a
maximum value in the thickness direction of the heating
element, and the intensity in the width direction of the
heating element has a small value that 1s substantially
negligible in comparison with the maximum value. The
conventional reflection plate 1s not required to be used
for such a use wherein an infrared ray lamp having such
directivity is suited, whereby the lamp can be Structured
simply. The infrared ray lamp having this structure does
not cause reduction in the reflectivity of the reflection
plate, thereby preventing'reduction in efficiency.
In addition, in the case when the infrared ray

lamp of the present invention has a reflection film, the

intensity distribution curve of the emission of the
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reflection plate. The infrared ray lamp of the present
invention therefore maintains its good characteristics
for a long time.
Intheinfraredraylampofthepresentin&ention,
by providing the reflection f£ilm at a position desirable
for the heating element, the intensity of the infrared rays
reflected by and emitted from the reflection film can be
increased in a specific direction, and the range of the
high emission intensity can be narrowed. As a re_sult, the
infrared ray lamp of the present invention having this kind
of reflection film becomes a device suited for a use
wherein the area in the direction opposed to the reflection
film is heated locally, for example, suited for fixing and

the lilke in a copier.



| &10%rl&m& () - '!10%rl&m& ()-\W X] Y]'Z]a] _~ avU410 10%9%4 & () -

10%19%& () - !10%1%1& () - &910%1%1& () - 10ml&mlOmMl&mlOmi&m - & 10%rl&m&’ () - 3

aHabbbbb5f Jf vU410 & 10% & ()-3 & 10% % & ()-3 9MLO% %

& ()-104%104%1104%} +M 10%49%6& ()-: _ ’EB;OO%&%&' ()-Jfrfgg" h#h$h%, h| obU410

L:109%& ()-10 % 10 % 10 % F7!10% % & ()~ :
Furthermore, in the infrared ray lamp of the

present invention, by providing the reflection film at
another position desirable for the heating element, the
intensity of the infrared rays reflected by and emitted
from the reflection £ilm can be made substantially the same,
whereby the range of the emission intensity can be widenéd.
As aresult, the infrared ray lamp of the present invention
having this kind of reflection £ilm becomes a device suited
for a use wherein the entire flat face of an object placed
in parallel with the heating element and opéosed to the

- reflection f£ilm is heated uniformly, for example, suited
for a toaster.

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

In the heating apparatus in accordance with the
present invention, the infrared ray lamp of the present
invention has similar shape as that of the conventional
infrared ray lamp; for this reason, the infrared ray lamp
of the conventional heating apparatus can be replaced with
the infrared ray lamp of the present 1nventioﬁ. As a
result, by providing the conventional heating apparatus
with the infrared ray lamp having directivity in the

emission intensity of infrared rays, a heating apparatus
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- & ()- "hEohng &gopd chaiéeristics can be obtained, and the
heating apparatus can be u'se.d for heating objects or rooms.

In the heating apparatus of the present
invention, by installing the semi-cylindrical reflection
plate instead of the reflection £ilm, the direction curve
of the intensity of the emission of the inf:ared rays can
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
pPlate 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-invent;on is
superior to that of the conventional apparatus.
In the heating apparatus in accordance with the

present invention, by providing the reflection film at a
position desirable for the heating element, the intensity_
of the infrared rays reflected by and em;tted ffom the
refléction film can be increased in a specific direction,
and the range of the high emission intensity can be
narrowed. As a result, the heating apparatus of the

present invention having this kind of reflection film

becomes a device suited for a use wherein the area in the
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present invention, by providing the refledtion £film at
another position desirable for the heating element, the
intensity of the infrared rays reflected by and emitted
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 preéent invention
having this kind of reflection £ilm 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
described in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting, but various altefations and
modifications will no doubt become apparent to those
skilled in the art to which the present invention pertains,
after having read the above disclosure; accordingly, it
is intended that the appended claims be interpreted as
covering all alterations 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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heated.
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substantially plate shape, having recessed portions in the

vicinities of both ends thereof and formed of a
carbon-based substance,

heat-emitting blocks having good conductivity
to which both end portions of said_heating element are -
inserted and bonded,

a sintered substance of an adhesive_formed and
sintered on the bonding faces of said heating element
bonded to said heat-emitting blocks at the regions in the
vicinities of both end portions inciuding the recessed
portions of said heating element,

a glass tube in which said heating element, said
sintered substance of said adhesive and said heat-emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to said
heat-emitting 5locks, the end portions of which are led
out of said glass tube.

2. An infrared ray lamp in accordance with claim
l, wherein a groove is formed in the face of said
heat-emitting block bonded to said heating element.

3. An infrared ray lamp comprising:

at least one heating element having a
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and each split into two pleces, between which both end
portions of said heating element are sandwilched,

a sintered substance of an adhesive formed and
sintered on the bonding faces of said heating element
bonded to said heat-emitting blocks at the régions in.the
vicinities of both end portions including the recessed
portions of said heating element,

a glass tube in which said heating element, said
sintered substance of said adhesive and said heat-emitting
blocks are hermetically sealed together with an inert gas,
and

lead wires electrically connected to said
heat-emitting blocks, the end portions of which are taken
outside said glass tube.

4. An infrared ray lamp in accordance with claim
3, wherein a projected portion is formed on at least one
of said heat-emitting blocks so as to be fitted into said
recessed portion of said heating element.

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

of a carbon-based sintered substance.

6. An infrared ray lamp in accordance with claim
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10%&& ()- Y 7. A method of producing an infrared ray lamp
comprising:

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 ligquid adhesive formed of
a carbon-based organic substance to the reglons in the
vicinitles of both ends including the receésed portilons
of said heating element,

a step of inserting and bonding both end portions
of said heating element to the end portions of heat-
emlitting blocks having good conductivity bylusing said
adhesive,

a step of drying and firing said heat-emitting
blocks and said heating element bonded to each other, and

a step of sealing said heating element and said
heat-emitting blocks inside said glass tube together with
an inert gas, and of taking the end portions of the lead
wires electrically connected t.o sald heat-emitting blocks
outside said glass tube.

8. An infrared ray lamp comprising:

a heating element having a substantially plate
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10% '& ()- 3 two electrodes embedded at both end portions of
sald glass tﬁbe, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuitl
9. An infrared ray lamp in accordance with claim
8, further comprising:
two connection devices secured to both end
portions of said heating element respectively and
electrically connected to said heating element, and
lead wires secured to said connection devices
and sald electrodes so as to pull both ends of said heating
element at a predetermined tension and used. to .
electrically connect saild connection devices to said
electrodes.
10. An infrared ray lamp in accordance with claim
9, wherein sald connection device has a heat-émitting
block, the cross-sectional area of which is larger than
the cross-sectional area of said heating element on a plane
perpendicular to the direction of the current flowing
through said heating element, in order to prevent said lead

wires from being overheated by emitting heat transmitted

from said heating element.
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12. An infrared ray lamp in accordance with claim
11,whereinsaidreflectionfilmhavingzasemi-cyliﬁdrical
shape being substantially coaxial with the center line of
sald heating element in the longitudinal direction thereof
is provided along substantially similar length as that of
theinfraredrayemittingporthmxofsaidheatingelement.
13.Aninfraredraylampleacco:dancewithclaim
11, wherein the cross section of said reflection £film has
a shape formed of a part of a parabola having its focus
substantially on the center line of said heating element
in the longitudinal direction thereof, along
substantially similar length as that of the infrared ray
emitting portion of said heating element.
14.Aninfraredraylamij1accordancewithclaim
11, wherein the cross section of said reflection £ilm has
a shape formed of a part of an ellipse having one of its
focuses substantially on the center line of said heating
element in the longitudinal direction thereof, along
substantially similar length as that of the infrared ray

~emitting portion of said heating element.
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$ sald reflection £ilm is disposed so as to be opposed to

the narrower side portion of said heating element.

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

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

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

two electrodes embedded at both end portions of
sald glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit.

18. A heating apparatus in accordance with claim
17, wherein said infrared ray lamp further comprises:

two connection devices secured to both end
portions of said heating element_respectively and
electrically connected to said heating element, and

lead wilires secured to sald connection devices

and sald electrodes so as to pull both ends of said heating
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element at a predetermined tension and used to
electrically connect said connection devices to said
electrodes.

19.. A heating apparatus in accordance with claim
17 or 18, 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.

20. A heating apparatus in accordance with claim
18, wherein said reflection plate has a semi-cylindrical
shape being substantially coaxial with the center axis of
said infrared ray lamp.

21. A heai:ing apparatus in accordance with claim
18, 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.

22. Aheating apparatus in accordance with claim
18, wherein the cross section of said reflection plate has
a shape formed of a part of an ellipse having one of its
focuses substantially on the center axis of said infrared
ray lamp.

23. A heating apparatus in accordance with claim
19, wherein the central portion of the cross section of
sald reflection plate is disposed so aé to be opposed to
the wider side portion of said heating element.

24. A heating apparatus in accordance with claim
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19, wherein the central portion of the cross section of
said reflection plate is disposed so as to be opposed to
the narrower side portion of said heating element.

25. A method of producing an infrared ray lamp,
comprising:

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

a step of hermetically sealing a substantially
plate heating element, the width of which is larger than
its thickness by five times or more, inside said glass tube
so that the center line of saia 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 cyliﬁdrical
shape of sailid glass tube so as.to éubstantially include
the range of the disposition of said heating element in
the axial direction thereof.

26. A method of producing an infrared ray lamp, .
comprising:

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

a step of forming a reflection film for
reflecting infrared rays into a predetermihed

substantiallysemi-cylindricalshape<n1theekternalface
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or the internal face of the cylindrical shape of said glass
tube, and

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

sald glass tube.




