Title: H GH INTENSI TY DI SCHARGE LAMP DEVI CE This invention rel ates
generally to high intensity discharge | anp devices and, nore particularly
to a high intensity discharge |Ianp which has omtted nmercury fromb5 fillegff)
material within an arc tube. Hi gh intensity discharge |anps Ka&evbe®=( #-
wi dely and increasingly enployed, in addition to the field of illum nation,
in such further fields of nonillum natior as-visual, business and office
machi nes and devices, 10 visual projecting apparatus and so on. Cenerally,

a high intensity discharge | anp device is fornmed by providing an arc tube
within a light transiittler BICH| ANEBENSITY BDISICHARGE LAMEHDE B ube _
mercury, rare gas and netal halides, and providing to 15 both ends of the
arc tube a pair of electrodes which are connected preferably through a

metal foil to | ead Thd®sinyenkion Felatesngenerpddt ¥ Biahedinfignsityh

such a hi gh i nigasdHargl sTamp 0@et 288sU8NAG Cmore parRiThilaray 0 48 & iKEgR
white |ight soyrge show ng.high efficiency 2 and hi ol our rendering.
Further . wni | 4 TS8R Py GHSF RO PR emga M5 FFR o PBLEERE) Patas, TR
recent type$ offiMiledimatesiakseithdnothi ercrknbienes and devices, visual
Pt er equi stt ot or s B LiesRRiryl a1BEhargE Sade Hdvd HleR WA, ana
excel lent in tHnereasdngly| employedn nbysad@ikion THe cthas Hiehdy of
. Vol fage as H T e O IULt8 oo flod Tl MR RS o
tom;e util igzablaes aN&supdy tm‘§igﬁﬁﬁgps%’?ét r%éjé?q%smﬂé’gﬁng eﬁganéfﬁvfﬁ’ﬁﬁhe
case wher e 1fthe wilsudlibsroyestbhg, apparatus and so on.
Generally, a high intensity discharge lamp device is
formed by providing an arc tube within a 1light
transmissive envelope while enclosing in the arc tube
mercury, rare gas and metal halides, and providing to
15 both ends of the arc tube a pair of electrodes which are
connected preferably through a metal foil to lead wires
to which an external circuit is connectable. With such
a high intensity discharge lamp device, it is possible
to provide a white light source showing high efficiency
20 and high  colour rendering. Further, while high
intensity lamps have been increasingly utilized in
recent types of visual, business and office machines and _
devices, visual projecting apparatus and so on, in these Qﬁ
cases it has been a common prerequisite for such high
25 intensity discharge lamp devices to be excellent in the
reproducibility of luminous colour.
There has been a demand, on the other hand, for the
discharge lamp to light with the same lamp voltage as
that of existing lamps to enable existing light circuits
30 to be utilizable and, for this purpose, there has been a

&) rM (S

tendency, in the case where the arc tube is small, to



-2- increase the andunt of mercury within the arc tube. Wen the filled
mercury anount increases, however, a problem arises in that t he

| um ffous col our reproducibility deteriorates. 5 In view of the
aboveya high intensity discharge | anp expected to be inproved in the

col our rendering property by omtting nmercury has been provided. For
exanple, in U S. Patent No. 4,810,938 by f.2D- Johnson et al, a high
intensity discharge | anp enpl oyed a netal 10 halide and Xe gas as filling
materials in the light transm ssive arc discharge tube but omtted nercury
therefrom  Accbhrereaseo the amounthaof daexiosuiyar yathinpsthe tarc utsbe.

patent whi ch enphRAnNEHBE' g¥iYed IndFdulf aROUHED! Encl@asesPIHfever N€a
| um nous col our 1? reFrodum bility,to 'sone extent because of the absence

of nercury, but PRE |1 3%hRRFe alBravBBRk i nthEt ai ARINQNE | ci SRLPYT
such col our repreepeodutibylibpt detegtoradesd.in the field of

noni | um nati on of visual, nachi.nes and, devi ces and, so. qn._since .although
Tercury 20 1 Sont (1 el S PE RS nBRAVEsn Bt Arghn WiHRATE, glsrbAiRe
col our reproductlampt réxpegted ntohdehinprbdivedt yircothei replsur Arendexingai m
of the present i | [ e, V§ [, gh.l st v

di scharge | anp Zgilgéé#gg vﬁ? chﬁﬁggkgpl %%%%épt hggf éé}grgi Rgggﬁ'g%‘oiéck, Fgrlfd
whi ch can sati sfexamplewniino®s SoolRakentepNoduédi BLR), 83 8d&ynRiedPi n Johaison

gg\r/l: lclagm \r/]?tshgln éjrcgtht ia?\gl]ﬁiag%;gjrnat us J.‘la%nyzli SO pn%gégﬂéﬁcﬁﬁ%gsgnlagrﬁeitﬁl 30
the col our r%ﬂroﬁﬁlk?ﬁn 3nd K8 F3F c88nt BH P hAALeEIRIS iy %r&gﬁé’g:es.

U transmissive arc discharge tube but omitted mercury
therefrom. According to the metal halide discharge
lamps of the U.S. patent which employ no mercury, it may
be possible to improve +the 1luminous <colour

15 reproducibility to some extent because of the absence of
mercury, but they still involve a drawback in attaining
sufficiently such colour reproducibility that is
demanded in the field of nonillumination of visual
machines and devices and so on, since although mercury

20 is omitted, there is no intention of remarkably
improving the colour reproduction triangle in the
chromaticity coordinates.

, A primary aim of <the present invention is,

1 therefore, to provide a high intensity discharge lamp

25 device which has eliminated the foregoing drawback, and
which can satisfy the luminous colour reproducibility
demanded in such nonillumination fields as visual and
business or office machines. and devices, visual
pProjecting apparatus and so on by sufficiently enlarging

30 the colour reproduction triangle presented in the
chromaticity coordinates.



-3- According to one aspect of the present invention, there is provided a

hi gh intensity discharge | anp device conprising an arc tube encI05|ng

therein an arc discharge material consisting solely of a rare gas,

halide and two or nore netal halides selected fromthe group conS|st|n

T1 hali de,

netal halides including said Li
aspect of the present

g;}

In halide, Al halide, Sn halide, Na halide and m xtures of said

halides Ln the absence of nercury. Anot her
i nvention provides a 10 high intensity discharge | anp

devi ce conprising an el ectrodel ess arc tube for enclosing therein an arc
di schar ge nmat erAddorXdivdg Stondrd| akpeet f atnegq&es‘&nmahhdaneadnt,vvo or

nor e netal
hal i de,

RGeS den  AdTien HaFhEL el R1pchaPag ppelRevie.

hal i des | ndqmpn@s/ilnghalamje,anm tthubebsemctosfinger diherefni danecamd and

third hali

w |l now be (gﬁé% egﬁg%&gqggfﬁéﬁglgﬁyagyéé;égf $f mééﬁ%lgygéLgﬁggtégn

the drai ndsalide wandhtwoFozumone me'aal/ehaﬂédpsy S;ﬁi&ﬂ*{mkdfnpﬂwtbﬁ one

enbodi nent

present inventjon;

oup W:&'?siéﬁfﬂé' Bi‘ @!I.Sﬁaﬁ'iﬁ% | 3P HiAMideE, ELOhdLde! Oghhe

WS an eni ssi op . spectrum of ‘the | anp

devi ce of Iﬂaéldleacyér dP"hb“P% la‘l‘i’éi p‘F yres @t said metal baldides,
em ssi on s dasd Tudd g eamvwmarmdl Dq theaabseneeabtVvmegrarpl.e i n which

mercury is add
showi ng a di st
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high intensity" discharge lamp device comprising an
electrodeless arc tube for enclosing therein an arc
discharge material consisting solely of a rare gas, Al
halide and two or more metal halides selected from the
group consisting of Li halide, Tl halide, In halide, Sn
halide, Na halide and mixtures of said metal halides
including Al halide, in the absence of mercury.

Said second and third halides will form complex
halides with the Li halide. ' :

The invention will now be described in detail, by
way of example, with reference to the drawings, in
which:~-

FIGURE 1 is a vertically sectioned view of one
embodiment of a high intensity discharge lamp device
according to the present invention;

FIG. 2 shows an emission spectrum of the lamp device
of FIG. 1 according to the present invention; -

FIG. 3 shows an emission spectrum of a device
according to a comparative'example in which mercury is
added to the device of FIG. 1; '

FIG. 4 is a diagram showing a distribution of
spectral transmittance with a red colour filter;

Andtheh aBBECES ol e pespelt  dovantior BloBifedoa ] ., .
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-4- FIG 5 is a diagramshowing a distribution of spectral transmttance
with a green colour filter; FIG 6 is a diagramshow ng a distribution of
spec{r ral transmttance with a blue col our filter; 5 FIG 7 is a

di agrdm showi ng a col our reproduction range of the |anp device of FIG 1 in
conmparison with that of a conparative exanple wth nercury enployed; FIG 8
IS an em ssion spectrum of the high |nten'5|4y'd| scharge | anp devi ce
according to the present 10 invention; FIG 9 is a schematic block ci rcuit

di agram of a hi gh freguen l,anp lightin ircuit_enmpl oyed . nth rese
invention; and FI G B¥Gis gf/i déhefn %’8 HOURE f# a P h

I‘Lequency ![arrp Iglfgﬁ:tfwlﬁcil:fsnlsﬁlemb cgewith a qnemrabluureﬁalﬂ:éz, Wil e
e present inventi all now be ef er t
exanpl es descri bed, Qlfnit‘S’Sho | d%oe® aé%l’%%?é@e}%&?néheael %&%#%ﬁ?;gﬁg&#g
imt 20 the i rspeﬂ:tmlcrhtgmsnlttlahcemn’phea bluercokeurt fittexrs al |
alterations, g nodi fppati ge nﬁlagg%ﬂ' v%&pin%raawr&m Sraﬁféaﬁbﬁlﬁ?n

wi thin the scope of a@ppen 15 78 Referrip G
1, it is shown aramge pﬁtmtlyampséﬁmge eEF evi e 1B GAMRIRLIQN ( Kith

present inventiOghat ”of"hécéoﬁﬁér!aﬁm?edéﬂaﬁﬁléOwﬁﬁﬁpﬁeﬁéﬁryneﬁpmoyd&i? 11
formed by a quartz glass angd provid gt bot h nds

el ectrodes 12 and 12§I§pp55ilﬁga§a€ﬂl§§ oBt ARFC rm?h% eEEFeﬁfggdéEtfﬁséﬁg
12a are connect edisenpace Velampo d@esticd sacbordialg f okds theancpresent

10 invention;

W, FIG. 9 is a schematic block circuit diagram of a
high frequency lamp lighting circuit employed in the
present invention; and

FIG. 10 is a schematic block circuit diagram of a

15 high frequency lamp lighting circuit employed in a
comparative example.

While the present invention shall now be explained
with reference to respective examples described, it
should be appreciated that the intention is not to limit

20 the invention only to such examples but rather to cover
all alterations, modifications and equivalent
arrangements possible within the scope of appended
claims.

Example 1:

25 Referring to FIG. 1, it is shown a high intensity
discharge lamp device according to the present
invention, in which the lamp device 10 comprises an arc
tube 11 formed by a quartz glass and provided at both
ends with a pair of electrodes 12 and 12a opposing each

S 30 other. These electrodes 12 and 1l2a are connected

respectively to each of such metal foils 14 and 1l4a as

molybdenum foils, preferably, which are sealed in
enclosures 13 and 13a, while the metal foils 14 and 1l4a

are electrically connected to support conductor wires 15



mol ybdenum foils, preferably, which are sealed in enclosures 13 and 13a,
while the netal foils 14 and 14a are electrically connected to support
conductor wires 15 -5- and 15a al so functioning as a supporting nenber;
for the arc tube 11 so that the tube 11 will be nmechanically fixed by t&s&
wires 15 and 15a. The support conductor wires 15 and 15a are arranged for
connection to an 5 external circuit n& -shown) such as a lanp lighting.
circuit through a capsule 17 fitted to an end of the envel ope 16. Wthin
the arc tube 11, 100 Torr of Xe gas and, as netal halides, Lil (9ng), TII
(1.5mg)-1nl eod5ap§)a &lsol funptioning @ﬁeim@spmrﬁmtmenbsr fiors rrpl e

is shown in E-G &bénﬁl D %ﬁétb%ﬁ@r&l%@aalwmrowanﬁéwﬂﬂbﬁl ‘
showi ng an em ssion spectrumo evice in which several ten orr of
Ar in place §ixR8 AW %g"’b?eﬁeﬁéur%}?dar 258 ¢dedThe§uPRORR @Pndickhy) is

substituted ﬂzirefsorlsl land t 1|5& pageai t&ﬁ-aﬁgé@stfrom ncehheetednsston @pect rum v

than the m ss ect r um of wayvel engt h,589n; ; oran T, mal n
wavel engt "@la ’;r"%‘a l&m ﬂ Q/elsé‘ﬁ‘g’t ha§f5fhni|' Puggght

col.our repr odurt:udrt tthmgglesaofcapmulearm? déiiitded? Oto aanoreindigotfo tlhmrrpl el
havi ng such gmal gp_,_ yigectrum as shown in FIG 2 and the conparative |anp

devi ce according to the conparative exanpl e havi ng such em ssion spectrum
as in FIG 3 areWjthdm theragentubeodly hd0dhann ief t¥ecoasdiansednf FIG -

7, W th vacuydeads héjfﬁi’ééteﬂ.ﬁ' I@ﬁ te'i'iIOf(i %g)g-fﬂ?f‘ 0dshiye fHfe such
spectral transm_ttances as | Gs. oyed. In FIG "7, 1t

I n
shoul d ba&%apgerddesk-ed Ipha?mhsg pguppectrum of gl?lS Example is shown
in FIG. 2, and, as will become clear when compared with u

- FIG. 3 showing an emission spectrum of a lamp device in
which several ten Torr of Ar in place of Xe and 40mg of
mercury are added, and in which NaI (8mg) is substituted
15 for LiI, it is possible to restrain other emission
spectrum than the emission spectrum of Na (main
wavelength 589n; orange), Tl (main wavelength 535nm;
green) and In (main wavelength 451nm;  blue). Here,
colour reproduction triangles of the lamp device
20 according to Example 1 having such emission spectrum as
shown in FIG. 2 and the comparative lamp device
according to the comparative example having such
emission spectrum as in FIG. 3 are given as presented on
the chromaticity coordinates of FIG. 7, with wvacuum- o/

25 deposited film filters of red, green and blue of such
- spectral transmittances as shown in FIGS. 4-6 employed.
In FIG. 7, it should be appreciated that a colour
reproduction triangle of dotted lines denotes the
comparative example, whereas the other colour
30 reproduction triangle of solid lines denotes Example 1
of the present invention, and <that the colour
reproduction triangle can be remarkably enlarged
according to the present invention, that is, the
luminous colour reproducibility can be sufficiently

35 improved by the present invention.

&



reproduction triangle of dotted |ines denotes the conparative exanpl e,
whereas the other colour 30 reproduction triangle of solid lines denotes
Exanpl'e 1 of the present invention, and that the col our reproduction
trigggﬁe can be remarkably enlarged according to the present invention,
that is, the lum nous colour reproducibility can be sufficiently 35

i nproved by the present invention. -6- It has been al so reveal ed that,
while the conparative exanple requires a power of 250Wfor obtaining a

l'i ght output of 18,000lm at white poi nt,~ Eahple 1 requires only 230Wfor
obtaining the same 5 1ight output, so that about 10% power saving can be

attained. It has been possible to attain the s regult, in ¢ case ere
200 Torr of Kr was lehgﬁdiqﬁﬁ%mda%F°Xe?9ﬁféng E%ﬁﬁﬁb 2Vﬂ§}tirF$€e
sanme arc tube XiompsaratBvaplexanpllieO rlegquinésXeaggowes edf| d3®OWt oferher
with Nal (8ng), . ) oy d.8le ( r 20D . i LSSt on
spect rum of thiosb 1§(rr£p’}£”g |:lsi : stsgg\%ggi):na#jeh%bho%% @l)_yha.ﬁ% gﬁbfs't has
been found t hatExanplee Nalregaires r jordahs2ROHt efer cohfiadning | §he tpame
em ssion_outguty hé\'aﬁﬁ{: GEINBd SthAe' apdat Lodepbwer! idlrimy | WLE BE
that in Exanple T"wt rgspect to the sane input power.
_ attained.
It has been possible to attain the same result in
the case where 200 Torr of Kr was enclosed instead of
Xe. | |
N\ 10 Example 2: _
Within the same arc tube 11 as in Example 1, 150
Torr of Xe gas was enclosed together with NaI (8mg), T1I
(1.8mg), InI (0.6mg) and AlCl; (2mg). An emission

spectrum of this Example 2 is as shown in FIG. 8 from



5 Consequently, it has been found that, in order to attain the sane white
chromaticity coordinates as in Exanple 1, only a smaller anpunt of the

i nput power is required so as to be 200Win contrast to 230Wrequired in
Exanpl e 1 since tube wall tenperature of the arc tube 11 is 10 restranggbl
to be low, and a renarkabl e power saving can be attained. The sane result
coul d be obtained even when NaC and-NaBr or Lil, LiCd and LiBr were
enclosed in the arc tube instead of Nal. 15 It has been al so possible
to attain the same result in the case where [err] and [err] or [err] and
[err] were €hékcbseliti has abeest fonnd €hatpl esincen M‘-éclamﬂnlehéﬁti:;arc t ube

Wi th the Sa&@n&ti{:{lﬂ@f%ho é?f]ni Bld:2 faffab ! Eﬁ@”@ﬁ%ﬂ@? éﬁ*E A Of a d

lighting circuit frequency vblta cation ystem as shown

in FIG 9, PR RAPER tife Jrflféﬁﬂﬁﬁﬁﬁ c"n'-‘PcHFt 12§ tu’@@mﬂfﬁ s&riepéﬁerﬂ@;ppl ying
coil 21 wouid atedislé ha awithubeesp é@d;f wdtﬁa | SRRdanG ‘EW& circuit ¥

24 conpr acl 2a 23 ,conn te 0.t he power
suppl yi n% '331\ &uen‘:iyhl Sﬁ ﬁ?@qgg 8“890?’#‘?51’ ot B, g’ﬁné‘&t@(}"t o the

i npedance nthe hsagecwhd.uet catomhtdmghyacpowadnam:pbl disein?Example 3y tch 26.
For the pur hfLn own
l'ighti nng| erglngt F&[g%:;&%gr ?g{&ub\“tt %1& havi we%? rid egeghgpﬁaEggrrpl e 2
of the 10 a®rhAgbeeRO0N im Gontrast o rZ%QWomqumﬁdbbnhEampﬂebés t hus
lit were subjjgeleedrhiBed WERSUIIPEratule 68! Aronabid babeeen the

l'i ghti ng hour and,the | um nous flux.
restrained to be low, and a remarkable power saving can

be attained. | L \J
The same result could be obtained even when NaCl and

NaBr or LiI, LiCl and LiBr were enclosed in the arc tube

instead of NaI. _

15 It has been also poss:.ble to attain the same result
in the case where AlI3 and AlBr3 or Sn012, SnI, and
SnBr, were enclosed in place of AlCl,.

Example 3:
An electrodeless arc tube with the same filling

20 materials as in Example 2 was lit by means of a lighting
circuit 20 of high frequency voltage application system
as shown. in FIG. 9, in which the lighting circuit 20



Conpar ative Exanple 1. 15 Several ten Torr of Ar as well as Hg (40ny),
Nal (8ng), T1lI (1.5ng) and Inl (0.5ng) were enclosed in the sane

el ecttodel ess arc tube as in Exanple 3, and this arc tube was lit by neans
of tTMighting circuit 20 of high frequency vol tage application system as
shown in 20 FIG 9. The relationship between the lighting hour and the

| um nous flux was neasured with respect €«®8t$is arc tube. Conparative
Exanpl e 2: ‘An arc tube having el ectrodes and the sane filling 25 naterials
therein as those in the foregoing Conparative Exanple 1 was |lit by neans of
the sane |'i ght (GRPRN¥SRS (3 POWer (PP M ¢t Bdhpieaud areundsthemeet ed
to the nmeasurem@ie Ofi tH€1 €| @haonshi ﬁ.ﬁ%&&ﬁ&e" hgaklchIind9 Sieu #8d 34e

| um nous flux. 30 , , Conparatjve Exanple 3: Several ten Torr of Ar a

wel | as Hy (A0RPRPTFING ARPSCHRPTSE 7] 306 A2 hAnA dh IRk T FOMRESESE ar
t'ube having thee! ehle ogoweds supplPinly eodlt 5. ar cAt nigghagredyereyed to

the lighti b f_t Kk | [ | ' t .
masur anent Sof QI TEAERT oAZhi 1F bSARBET T PP oo HipBREnE]  BReching o,
fl ux. Conpar at iclrdadin24 thraugh a power conpbifles 2% rand teswittht2€. sane
crr a : . : e
by feans of th T g 0g PUTgosk! (fe - Clipar Jatd RUMETLEdS DExAmE1SN! | N0
Exanpl e 3 and tldgheing Wikhnanknewn: Jdahding H#ireplheoficthe AEG ig‘ﬂc’? ng

10 hours and the HE¥{RYS €héX.electrodes as in Example 2 of the
10 arrangement of FIG. 1 was carried out, and both arc

U ' tubes thus lit were subjected to a measurement of the
relationship between the lighting hour and the luminous
flux.

Comparative Example 1:
15 Several ten Torr of Ar as well as Hg (40mg), Nal

(8mg), T1lI (1.5mg) and InI (0.5mg) were enclosed in the
same electrodeless arc tube as in Example 3, and this
arc tube was lit by means of the lighting circuit 20 of
high frequency voltage application system as shown in
20 FIG. 9. The relationship between the lighting hour and
the luminous flux was measured with respect to this arc
tube.

. | Comparative Example 2:
\ An arc tube having electrodes and the same filling
25 materials therein as those in the foregoing Comparative
Example 1 was lit by means of the same lighting circuit
as in the foregoing Example 2, and was subjected to the
measurement of the relationship between the 1lighting

hour and the luminous flux.

R 30 Comparative Example 3:
' Several ten Torr of Ar as well as Hg (40mg), NaIl
(14mg) and Sc':I'.—s (4mg) were enclosed in the same arc tube
having the electrodes as in FIG. 1, and this arc tube
was subjected to the 1lighting by means of the known



The rate of deterioration in the luninous flux with respect to the lighting
hours as neasured for the foregoing Exanples 2 and 3 as well as Conparative

Exanples 1 to 4 is shown in the follow ng Table: 15 Li ghti ng Hour™
(h) 0 100 1, 000 3, 000 6, 000 Devi ce Exanple 2 115 e
100 . 80 65 50 20 3 105 100 95"
90 85 Conp. Exanple 1 103 - q06 97 92 87 2

105 100 95 85 75 3 110 100 87 70

60 4 105 100 95 90 85 25 It should be clear

from the abovkghiling t feiremisxt aadel kexddie ermegpysianert| anf déhiece can
be realised opge fufibniyThaRuseRRERE! 18ntingnEaRs! bhil end avmmashal i de

as in Exanpl'e are encrl ose n the eleCtrodéless arc tube and this arc
tube is |it BJUK-30 lighting circuit such as shown in FIG 9. = It has

been found that ,cggﬁaga{:lj%ge E?am?ghegi;oration in the |uminous flux occurs
less in the |anp_devigce O el ectrodel ess tu than in the a
t ube havi®g el ecMoo%]se.c‘ﬁ’Fﬁ’ée eSHufHD ?’ efa‘gf‘gﬁha 12 P zfﬁ'?ﬁgrﬁjbe
havi ng el ecthatepiadsr asctironCompasapiveecExampden X Ivasesubjkeatiede tand
quartz form t u . e%lgl : h t Len R t hus
produced Sil tﬂgggﬁagge%g\/\#oa?{ n%o %Pt e e*]é%ﬁ%%%séégﬁggepf’gcg& Fo IE)yr3 oduce
an all oy of &npdmyedofim |theneforagojsicnt Example thi sabfl ofcadfdi®es to
the tube wal eéguﬁgﬂéﬂtb | 68k &¢hd heetaltlionBRipO be¥Reehhethé dNlighting
transm ssivily. 1en I n : :
10 hours and the luminous flux.
The rate of deterioration in the luminous flux with u
respect to the lighting hours as measured for the
foregoing Examples 2 and 3 as well as Comparative

Examples 1 to 4 is shown in the following Table:

15 ‘Lighting Hour
(h)

0 100 1,000 = 3,000 6,000

-Device
Example 2 115 100 80 . 65 50
20 " 3 105 100 95 - 90 85 _
Comp. Example 1 103 100 97 92 87 W
" " 2 105 100 95 85 75
" " 3 110 100 87 70 60
" " 4 105 100 95 90 85
25 It should be clear from the above Table that an

extremely excellent discharge 1lamp device can be

realised when such luminous materials which constitute a

complex halide as in Example 3 are enclosed in the

electrodeless arc tube and this arc tube is 1lit by a
30 1lighting circuit such as shown in FIG. 9.



particul ar the | uninous materials enclosed in the arc tube constitute the
for inproving the lum nous efficiency, an intense reaction
t akgs .pl ace 15 between chlorine and the el ectrodes to cause a remarkabl e

conplex hal i de

bl acKehi ng to occur.

therefore nost

desirable. On the other

The el ectrodel ess structure of the arc tube is

hand, there arises a remarkabl e

difference in circuit sinplification of th&2 i gh 20 frequency vol t age

application typ
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I I n
I's started, an electric é*ﬁ#%##%ﬁctﬁe
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particular the luminous materials enclosed in the arc
tube constitute the complex halide for improving the

luminous efficiency,

an intense reaction takes place

between chlorine and the electrodes to cause a
remarkable blackening to occur. The electrodeless
structure of the arc tube is therefore most desirable.
On the other hand, there arises a remarkable
difference in circuit simplification of the high
frequency voltage application type lighting circuit,
between the arc tube having the filling materials
according to the present invention and the other arc
tube having filling materials which include mercury as
in the Comparative Examples. The lighting circuit 30 of
FIG. 10 will now be explained. This lighting circuit 30

comprises an impedance

matching circuit 34 connected to

a power supplying coil 31 wound around the arc tube and
having variable capacitors 32 and 32a and a variable

inductance coil 33,

a circuit 38 for detecting

input/output power difference, a power amplifier 35, a
switch 36 and a high frequency oscillator 37. A
servomotor controlling circuit 39 is connected to the
input/output power difference detecting circuit 38, so

that servomotors 40,

40a and 40b for regulating the



proportion to the tinme variation ratio of a magnetic 10 field generated by
the current fed to the coil 31, therefore as the conductivity within the
arc tube increases, the thus generated electric field causes a current to™
flowin the arc tube and electric power is thereby supplied to the tube;"f,%-!»'-
Since the filling 15 materials in the arc tube include nercury in the case
of the Conparative Exanples, nercury df'sélﬁarge Is fornmed and a weak

em ssion is reveal ed. Thereafter, with the power consuned within the tube,
the tenperature of the tube wall rises, an,déﬂfzqe encl osed mercury .or netal
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therefore as the conductivity within the arc tube
increases, the thus generated electric field causes a
current to flow in the arc tube and electric power is
thereby supplied to the tube. Since the filling
15 materials in the arc tube include mercury in the case of
the Comparative Examples, mercury discharge is formed
and a weak emission is revealed. Thereafter, with the
power consumed within the tube , the temperature of the
tube wall ris‘es', and the enclosed mercury or netal
20 halide is gradxially evaporated, and such metal emits
' light. . '
At the same time, mercury vapour pressure within the
arc tube is raised to increase the impedance, and there .
arises gradually a deviation in the impedance matching o/
25 between the source side and the arc tube side, so the
power supply to the arc tube becomes difficult and the
arc sometimes vanishes. 1In order to prevent these
phenomena, the input/output power difference is
constantly monitored by the input/output power
30 difference detecting circuit 38 so that, when the
detected input/output power difference approaches a
level at which the turning-off takes place in the arc
tube, the servomotor control circuit 39 drives the
servomotors 40, 40a -and 40b to regulate the



5 and costly. Also in the lighting circuit of FIG 9 for the arc tube
accordi ng to the present invention, closing the switch 26 causes an
e%lc field to be generated in proportion to the tine variation ratio of
he gnetic 10 field generated by a current flow ng through the coil 21,
and power is supplied to the arc tube with the current nade to flow in the
tube by the electric field, in the same ¥amer as in the lighting circuit
30 of FIG 10. In the arc tube according to the present invention, 15

however, the rise in the tube wall tenperature causes the vapour pressure
of the fillingekectrogtatic tﬁ@pwé‘a’t @nq sénguctanget ©&ctheal vaniahial
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arc tube does r nd no turning-off due to the inpedance 25
m smat chi ng%vm ?}%%t \kél‘%%:oﬁg source side takes place. It will be appreciated

here that the |igh®Alsp cincthe lightingacircuis ofcFLEngdt Sorhdher cawmt
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circuit, servonotors and control clrcult
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foregoing (i%rrp%rle& Veggﬁ(g @Leé by a currex% fJXBow:Lng through the coil
v 21, and power is supplied to the arc tube with the
current made to flow in the tube by the electric field,

in the same manner as in the lighting circuit 30 of FIG.

10. In the arc tube according to the present invention,

15 however, the rise in the tube wall temperature causes
the vapour pressure of the filling materials in the tube
to rise only up to several hundred Torr and never to
several thousand Torr as in the case where mercury is
included.

20 In this case, too, substantially the same amount of
the metal halide required for the emission as that in
the presence of mercury is assured. Even when the tube
wall temperature rises, the impedance in the arc tube
does not vary, and no turning-off due to the impedance

25 nismatching with the power source side takes place. It
will be appreciated here that the lighting circuit for
the arc tube according to the present invention does not
require the input/output power difference detecting
circuit, servomotors and their controlling circuit, and

30 that the lighting circuit can be remarkably simplified
and reduced in cost, while realising substantially the
same level of function and effect as in the foregoing
comparative examples.



1. A high intensity dlscharge | anp devi ce conpri sing

encl osing therein an arc discharge materi al consl rare
gas, Li halide and two or nore netal halides sele W ﬂ E
consisting of Tl halide, In halide, Al halide, Sn ha q e and

m xtures of said netal halides including said Lii halide, in the absence of

mercury. 2. A device according to=-chdim 1 wherein said arc tube is
formed by a ceramcs. 3. A -devi ce according to claiml or claim2,
wherein said arc tube has no el ectrode. 4. - A high intensity discharge

| anp device conprising an el ectrodel eS&AIME t ube for enclosing therein an
arc di scharge materi al consisting soIer of a rare gas, Al halide and two

or nore netal halides selected ro onsi tln of Li haljde, T1
e T Py e, Aohish | REeng fe] dLscnege; Seup caeyhtes CPMRREIN, | dos

i ncl udi ng Al ahahreéetube dneldadenc &lférélii'f car yars. dlscMrﬁevmamr di ng

o cla e RLELDIM St bce, P, on s AR A g

frequency | imbrengetdl halidesAselleghed fromsithe qmau@h&mgsxstmng afevi ce

substantial | y; ag 8%, PP BGMG4HR, MAD KE1EAENCEN hd1Fad! AWa"Sa1ide
and mixtures of said metal halides including said Li
halide, in the absence of mercury.

2. A device according'to claim 1 wherein said arc ;~)
tube is formed by a ceramics.

3. A device according to claim 1 or claim 2, wherein
said arc tube has no electrode.

4. A high intensity discharge lamp device comprising
an electrodeless arc tube for enclosing therein an arc
discharge material consisting solely of a rare gas, Al
halide and two or more metal halides selected from the
group consisting of Li halide, Tl halide, In halide, Sn
halide, Na halide and nmixtures of said metal halides
including Al halide, in the absence of mercury.

5. A device according to claim 4, wherein said al
halide is AlCl,.

6. A device according to any one of claims 3 to 5,
wherein said arc tube is provided for high frequency
lighting.

7. A high intensity discharge 1lamp device
substantially as described herein with reference to the
drawings.
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