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HIGH PRESSURE MERCURY VAPOR DISCHARGE 
LAMP WITH METAL HALIDE ADDITIVES 

The present application is a continuation application 
of Ser.'No. 224,708 ?led Feb. 9, 1972, and abandoned 
with the ?ling of the present application. 
The invention relates to a high pressure mercury 

vapor (HPMV) electric discharge lamp with metal hal 
ide additives. Such lamps comprise a discharge tube of 
fused silica with electrodes of refractory metal protrud 
ing into the discharge tube, spaced apart by a distance 
which is a multiple of the discharge tube diameter. A 
foil seal, each, is hermetically bonded to the electrodes. 
An outer envelope or jacket surrounds the discharge 
tube. 

It is well-known to add several elements in the form 
of halogen compounds to the mercury. At least one of 
the additives may be a rare earth metal halide. The 
color appearance of illuminated objects is affected by 
the spectral radiation distribution of the illuminant. ln 
order to obtain a lamp of good color rendering proper 
ties dysprosium iodide and thallium iodide were added, 
for instance, to the mercury ?ll (see US. Pat. No. 
3,452,238). By this means a color rendering index R“ 
of about 85 is attained. Brie?y, the color rendering 
index is a measure of the color rendering property and 
shows the conformity of the color impression of objects 
illuminated by a light source, with the color impression 
of the same object when illuminated by a reference illu 
minant. For further de?nitions of this and other terms 
used herein, reference is made to the [ES Lighting 
Handbook, published by the Illuminating Engineering 
Society, New York, NY. 

It is an object of the present invention to provide a 
lamp having a still better color rendering index. 

SUBJECT MATTER OF THE PRESENT 
INVENTION 

The discharge tube, besides containing mercury and 
a noble or inert gas, contains halides of at least three 
elements of similar average or median excitation en 
ergy, among them at least three rare earth metals in a 
total amount of from 0.3 to 1.2 mg/cm of arc length. 
The wall loading of the discharge tube is between 8 and 
20 W/cm2. 
The selection of elements of possibly identical me 

dian excitation energy is of importance to the inven 
tion. lf the elements are differently chosen, the radia 
tion of the elements having higher excitation energy 
would be decreased in view of the presence of elements 
with lower excitation energy and, consequently, the 
total radiation would be less, in effect like that in the 
prior art. 

Surprisingly, it was found that the color rendering 
index obtained is higher than could be expected from 
a mere superposition of spectra of the individual com 
ponents. This phenomenon might possibly be explained 
by the fact that due to the addition of the partial pres 

A sures, and the thereby resulting higher total pressure, 
the conditions for excitation of each individual compo 
nent are improved whereby the continuous portion of 
the spectrum is increased. This favorably affects both 
luminous efficacy and color rendering. Thus, a color 
rendering index of more than 95 is obtained, which has 
never before been achieved with the previously known 
lamps. This renders the lamp especially suited for il 
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lumination of color television pickup, for instance, dur 
ing sports meetings in large stadiums. 
Another great advantage is that the wall loading of 

the discharge tube can be kept low. In order to obtain 
similarly favorable excitation conditions as in the in 
ventive lamp with at least three rare earth metals, the 
wall load of a lamp containing several elements among 
which only one rare earth metal such as dysprosium is 
present, would be about ?ve times as high and would 
thus reach inadmissible values in such a type of lamp. 

Preferably, from the group of rare earth metals, dys 
prosium, holmium and thulium should simultaneously 
be present in the lamp; other rare earth metals such as 
erbium, europium or lutetium might be added thereto. 
Thallium halide, preferably thallium iodide, and cesium 
halide, preferably cesium iodide are preferred further 
additives, the latter for stabilization of the discharge. 
An embodiment of the lamp according to the invention 
is illustrated in the accompanying ?gures, wherein: 
FIG. 1 shows the lamp in vertical section; and 
FIG. 2 the spectral distribution of radiant flux of the 

lamp. 
A typical lamp has a cylindrical discharge tube 1 of 

fused silica with an inner diameter of 31 mm; the vol 
ume is 130 cc. One electrode 2, 3, each, of Th0.) 
activated tungsten, is provided at each end of the enve 
lope. The electrodes 2 and 3 are connected to the lead 
in wires 6 and 7, respectvely, by means of foil seals 4 
and 5. The electrode spacing is 155 mm. Thev ends of 
the discharge tube are provided with a coating 8 or 9 
of zirconium oxide re?ecting heat rays. ln vertical or 
inclined operating position of the lamp, the area of the 
discharge tube end covered by coating 8 and adjacent 
screw base 12, is smaller than the area of the other end 
of the discharge tube covered by coating 9. The dis 
charge tube 1 is mounted with supports 10, 11 in an 
outer envelope or jacket 13 provided at one end with 
the screw base 12. ‘ 

EXAMPLE 1 

The discharge tube is ?lled with: Ar of 30 Torr; 80 
mg Hg; 12 mg Tll; 3 mg Csl (the Csl being useful to sta 
bilize the are); 25 mg Hglz; 3 mg Tm; 3 mg Ho; and 3 
mg Dy. The latter three rare earth elements react with 
the Hgl2 (probably disassociated) in the discharge ves 
sel upon being heated, so that the discharge vessel will 
contain the desired amounts of mercury and the iodides 
of thulium, holmium and dysprosium. The'design data 
and the fill quantities apply to a lamp with a wattage 
input of 3.5 kW, operated with 18 amps. and from a 
voltage of 380 V. The luminous flux is 325000 lumens, 
the luminous ef?cacy 93 lm/W. The correlated color 
temperature is 6000 K, the color rendering index R” is 
95. 

EXAMPLE 2 

Wattage input of the lamp 250 W; the discharge tube 
has an inner diameter of 14 mm and a volume of 5.3 cc; 
and an electrode spacing of 25 mm. The ?ll in the lamp 
is Ar of 30 Torr, 10 mg Hg, 1 mg Csl, 12 mg Hgl2 and 
1 mg Tm, 1 mg Ho, 1 mg Dy. Upon heating, the Tm, 
I-lo ad Dy react with the mercury iodide in the dis 
charge vessel so that the discharge vessel will have the 
desired amounts of mercury and the iodides of thulium, 
holmium and dysprosium. 
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EXAMPLE 3 

Lamp dimensions and power as in Example 2; ?ll 
within the discharge vessel: Ar of 30 Torr; 8 mg Hg; 1 
mg Csl; 16 mg Hglz; and 1 mg Dy; 1 mg Tm; 1 mg Eu; 
1 mg Ho; the Dy, Tin, Eu, and Ho react with the Hglz 
as the discharge vessel is heated. 
FIG. 2 shows the spectral radiant flux distribution 

standardized to a luminous flux of 1000 lumens of a 3.5 
kW lamp in comparison with daylight D 55 having a 
color temperature of 5500 K. The ?gure reveals how 
well the spectral energy distribution of the inventive 
lamp approximates the daylight curve with a correlated 
color temperature of 5500 K. 

Besides using the lamp of the present invention, due 
to its good color rendering properties, for high quality 
color television live pickup and for the lighting of stadi 
ums and exhibition halls, the lamp is also suited, due to 
its daylight-resembling color, for all places where illum 
ination in addition to daylight is required. 
Terbium also appears to be an element useful in the 

present invention. In the examples, holmium and/or 
thulium may be replaced by europium or lutetium. 

. We claim: . 

l. A high pressure mercury vapor discharge lamp 
comprising 
a quartz glass discharge tube; 
electrodes of refractory metal protruding into the dis 
charge tube and spaced by a'distance which is a 
multiple of the discharge tube diameter; 

an envelope surrounding the discharge tube; metal 
halides and an inert gas as additive ?ll to the mer 
cury, contained in the discharge tube; 

the improvement wherein 
the discharge tube contains halides of at least three 
elements which have essentially similar median ex 
citation energy, and which comprise dysprosium 
and at least two other rare earth metals, said dys 
prosium and at least two other rare earth metals 
being present in a total amount of from 0.3 to 1.2 
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mg/cm of arc length which during operation of the 
lamp provide a saturated vapor pressure and a wall 
loading of between 8 and 20 W/cm2. 

2. Discharge lamp as set forth in claim 1, wherein the 
total amount of rare earth metals is between 0.5 and 
0.9 mg/cm of arc length. 7 

3. Discharge lamp as set forth in claim 1, wherein 
heat-accumulating coatings are provided at the end 
portions of the discharge tube. 

4. Discharge lamp as set forth in claim 3, wherein the 
heat-accumulating coatings comprise ZrO-2. 

5. Discharge lamp as set forth in claim 1, wherein the 
halides are iodides. 

6. The discharge lamp as set fof'th in claim 1 wherein 
the discharge tube contains the halides of holmium and 
thulium in addition to that of dysprosium. 

7. The discharge lamp as set forth in claim 6 wherein 
the discharge tube also contains the halide of erbium. 

8. The discharge lamp as set forth in claim 6 wherein 
the discharge tube also contains the halides of thallium 
and cesium. 

9. Discharge lamp as set forth in claim 8, wherein the 
halides are iodides. 

10. The discharge lamp as set forth in claim 1 
wherein the discharge tube contains at least two of the 
halides of holmium, thulium, erbium, europrum, and 
lutetium, in addition to the halide of dysprosium. 

11. The discharge lamp as set forth in claim 1 
wherein the discharge tube contains the halide of at 
least one other element than the said rare earth metals, 
said other element and said rare earth metals having 
similar median excitation energy. 

12. The discharge lamp as set forth in claim 1 
wherein the discharge tube also contains the halides of 
thallium and cesium. 

13. The discharge lamp as set forth in claim 12 
wherein said halides are iodides. 

* =|< * * * 


