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[57] ABSTRACT 

A high-Pressure s?edis2he£selampprovided with a 
gasdlilling which comprises at least IO-T'granTitoms of 
germanium per cubic cm of the discharge vessel and 
selenium. The selenium-germanium ratio has a value 
of between 0.5 and 4. Furthermore the gas ?lling may 
comprise tin and a halogen in which the selenium 
halogen ratio is chosen between 0.02 and 4. In addi 
tion to the said elements the lamp preferably includes 
a starter gas (rare gas) and a buffer gas (mercury). 
The lamp emits the continuous molecular radiation of 
germanium selenide and a very satisfactory colour 
rendition is possible in a wide range of colour temper 
ature . 

8 Claims, 3 Drawing Figures 
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1 
HIGH-PRESSURE GAS DISCHARGE LAMP 
CONTAINING'GERMANIUM AND SELENIUM 

The invention relates to a high-pressure gas discharge 
lamp having a light-transmitting discharge vessel pro 
vided with a gas ?lling-in which the discharge takes 
place. , ~ 

A lamp of this kind which has been known for a long 
time and is used on a large scale is the high-pressure 
mercury vapour discharge lamp. A drawback of this 
lamp is that it has less satisfactory colour rendition 
properties and is therefore less suitable for general illu 
mination purposes in which a satisfactory rendition of 
colours is required. 1 
The addition of metal halides, particularly metal io 

dides to the ?lling in high-pressure gas discharge lamps, 
particularly high-pressure mercury vapour discharge 
lamps, provides a considerable improvement of colour 
rendition in many cases and also of the radiation effi 
ciency of the lamps (see U.S. Pat. No. 3,234,421). Said 
Patent Speci?cation describes, for example, a lamp 
which in addition to a rare gas and mercury contains 
theiodides of sodium, thallium and indium. These met 
als emit their characteristic radiation during operation 
of the lamp while the mercy spectrum is suppressed so 
that a lamp is obtained which has a much better colour 
rendition than the lamps containing mercury only. The 
spectrum of the emitted radiation of these iodide 
containing lamps is, however, predominantly consti 
tuted by spectral lines and thus deviates considerably 
from the continous’ spectrum of a black radiator or of 
natural daylight. lf very stringent requirements are im' 
posed on the rendition of colours, a continuous spec 
trum of the radiation emitted by the lamp is necessary. 
A high-pressure gas discharge lamp containing tim 

bromide and/or tin iodide is known from the Nether 
lands Pat. application No. 6610396. This lamp emits 
radiation originating from the .tin halide molecules. 
Thismolecular radiation has a continuous spectral dis 
tribution of such a shape that a very satisfactory colour 
rendition can be obtained. A drawback of the known 
lamps which generally contain both tin bromide and tin 
iodide is that with these lamps colour temperatures of 
the emitted radiation can be achieved which are lo 
cated in a relatively limited region namely between ap 
proximately 4,000 and 6,000 K. 
A high-pressure gas discharge lamp which emits mo 

lecular radiation having a continuous spectrum is fur 
thermore known from German Pat. application No. 
2,023,770. This lamp contains tin chloride and further 
more tin, either as a metal or as tin iodide. It is stated 
that the use of tinchloride generally yields higher radi 
ation ef?ciencies than the use of tin bromide and tin io 
dide. A drawback of this known lamp is, however, that 
the presence of the aggressive chlorine may give rise to 
serious chemical attack of the electrodes. 
The object of the invention is to provide a high 

pressure gas discharge lamp which contains new molec 
ular radiators. A further object of the invention is to 
provide a lamp of this kind which does not have the 
above-mentioned drawbacks of the known lamps or has 
these drawbacks to a limited extent only and which has 
very satisfactory colour rendition properties in a large 
region of colour temperatures. 
A high-pressure gas discharge lamp according to the 

invention has a light-transmitting discharge vessel pro 
vided with a gas ?lling in which the discharge takes 
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place and is characterized in that the'?lling comprises 
at least 10" gram atoms of germanium per cubic cen 
timetre of contents of the discharge vessel and sele 
nium, the ratio between the numbers of atoms of sele 
nium and germanium being between 0.5 and 4. 
A lamp according to the invention comprises germa 

nium selenide which is introduced as‘such or in the 
form of the composite elements into the lamp. Investi 
gations which have led to the invention have shown 
that germanium selenide is an efficient molecular radi 
ator whose emitted radiation has a continuous spectral 
distribution at a maximum of between 360 and 380 nm. 
The quantity of germanium in a lamp according to the 
invention is to be at least 10-’ gram atoms per cubic cm 
of contents of the discharge vessel. In fact, when less 
than this quantity is used an insuf?cient effect of the 

1 addition of germanium selenide is obtained and light 
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outputs which are too low'in practice are obtained. For 
practical uses the quantity of germanium is chosen to 
be not more than 10‘4 gram atoms per cubic cm be 
cause more germanium does not provide additional ad 
vantages and only gives rise to a quantity of unevapo 
rated germanium and/or germanium selenide during 
operation of the lamp. The ratio between the number 
of atoms of selenium and germanium may deviate from 
the stoichiometric value 1 which vapplies to the com 
pound GeSe. This ratio is, however, to be chosen be 
tween the values 0.5 and 4 because for values of more 
than 4 a too large quantity of free selenium is present 
in the lamp which may give rise to the production of ul 
traviolet radiation which is unwanted for many uses, 
and because for values of less than 0.5 free germanium 
may be deposited on the wall of the discharge vessel 
which may detrimentally influence the light output of 
the lamp. , 
A special advantage of a lamp according to the inven 

tion is that the discharge is stable even at high values 
of the concentration of germanium selenide present in 
vapour form during operation of the lamp. in the 
known tin halide containing lamps disturbing instabili-_ 
ties of the discharge occur above given tin halide con 
centrations. In a lamp according to the invention it is 
possible to use an excess of germanium selenide so that 
the vapour pressure of germanium selenide is only lim 
ited by the temperature of the coldest spot in the lamp. 
A lamp according to the invention which comprises 

germanium selenide only may advantageously be used 
for many applications, for example, in photo-chemical 
processes. However, this lamp is less suitable for gen 
eral illumination purposes because the emitted radia 
tion is too blue and has a very high colour temperature 

(> 12,000 K). 
The colour temperature of a lamp according to the 

invention may, however, assume values which are very 
desirable for general illumination purposes if in addi 
tion to germanium and selenium other radiators are 
added to the ?lling of the lamp, which radiators exhibit 
a considerable emission in the red part of the visible 
spectrum. A very satisfactory colour rendition can be 
achieved with a lamp of this kind. 
For this purpose tin and one or more of the halogens 

are preferably added in addition to germanium and se 
lenium to the ?lling of a lamp. The ratio between the 
numbers of atoms of halogen and tin must then be not 
more than 4 because otherwise too much free halogen 
is present in the lamp which gives rise to instabilities of 
the discharge. In practice this ratio is chosen to be not 
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less than 0.5 because below this value a too large quan 
tity of free tin is present which does not contribute to 
the light emission. The ratio between the numbers of 
atoms of selenium and halogen is chosen to be between 
0.02 and 4. At values of this ratio of less than 0.02 the 
contribution of germanium selenide to the emitted ra 
diation is too small while for values of more than 4 the 
colour temperature of the emitted radiation is too high 
for general illumination purposes. For selenium 
halogen ratios in the above-mentioned region it is pos 
sible to manufacture lamps whose colour temperature 
is located in the very wide range of approximately 
4,000 to approximately 12,000 K. 
Furthermore a starter gas and a buffer gas is prefera 

bly applied in known manner to the ?lling of a lamp ac 
cording to the invention. The starter gas which serves 
to promote the ignition of the lamp generally consists 
of a rare gas or a mixture of rare gases having a pres 
sure of between, for example, 1 and 100 Torr (at room 
temperature). The buffer gas serves to increase the 
overall pressure in the discharge lamp and to increase 
the arc voltage so that a larger quantity of energy can 
be dissipated in the lamp. Mercury in a quantity of be 
tween 2.5-10“ and 210‘4 gram atoms per cubic cm of 
contents of the discharge vessel is preferably used as a 
buffer gas. , 

Lamps according to the invention which in addition 
to germanium and selenium also contain tin and a halo 
gen and in which the halogen is iodine and/or bromide 
are preferred. In fact, tin iodide and tin bromide emit 
molecular radiation whose contribution in the red part 
of the spectrum is larger than that of tin chloride so that 
when using tin iodide and/or tin bromide for general 
illumination purposes the optimum implementation of 
the germanium selenide spectrum is obtained. Further 
more iodine and bromide have the advantage that they 
are less aggressive than chorine so that electrode attack 
and the like are limited to a minimum. 
Optimum results are obtained with lamps according 

to the invention in which the ratio between the num 
bers of atoms of halogen and tin is between 1.5 and 2.5 
and the ratio between the numbers of atoms of sele 
nium and germanium is between 0.8 and 1.2. At these 
ratios the formation of free tin and free germanium de 
posited on the wall of the lamp and on the electrodes 
is limited to a minimum and a too large excess of free 
halogen and free selenium is also prevented. 

In a particularly advantageous embodiment of a lamp 
according to the invention the quantity of germanium 
is between 510‘7 and 210‘5 gram atoms per cubic cm 
of contents of the discharge vessel and the ratio be 
tween the numbers of atoms of selenium and halogen 
is between 0.05 and 2. In fact, a very satisfactory colour 
rendition is achieved with these lamps at the colour 
temperature values of more than 5,000 K which are 
very much desirable for practical uses. Lamps having 
such a relatively high colour temperature can be used 
to great advantage for scene lighting for colour televi 
sion recordings, especially in those cases where the 
lamps are used together with daylight. - 
The invention will now be further described in detail 

with reference to a drawing and a number of examples 
and measurements. 

In the drawing 
FIG. 1 shows an embodiment of-a lamp according to 

the invention. 
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4 
FIGS. 2 and 3 graphically show the spectral distribu 

tion of the emitted radiation of two lamps according to 
the invention. , 

In FIG. 1, l is the quartz glass discharge vessel of a 
high-pressure gas discharge lamp according to the in 
vention. Pinches 2 and 3 in which current supply ele~ 
ments 4 and 5 have been sealed are formed at both 
ends of the discharge vessel 1. These current supply el 
ements are connected within the discharge vessel to 
tungsten electrodes 6 and 7 between which the dis 
charge takes place during operation. The discharge 
vessel 1 is placed in an outer envelope 8, for example, 
of hard glass one end of which has a pinch 9 through 
which current supply wires 10 and 11 are passed in a 
vacuum-tight manner. The current supply wires 10 and 
11 are connected to the current supply elements 4 and 
5 and also serve as supporting terminals for the dis 
charge vessel. The discharge vessel 1 has an internal di 
ameter of 15.5 mms and a content of 7.5 cubic cm. The 
distance between the electrodes is 41 mms. The lamp 
is suitable for a power of 400 W. ‘ 

EXAMPLE 1 

The discharge vessel of a lamp according to FIG. 1 
is ?lled with 25 mg of mercury, 5.0 mg of germanium 
selenide (GeSe) and argon up to a pressure of 20 Torr. 
The spectral distribution of the radiation emitted by 
this lamp is shown in FIG. 2. In FIG. 2 the wavelength 
is plotted in nm‘on the horizontal axis. The energy E of 
the emitted radiation per constant wavelength interval 
is plotted in arbitrary units on the vertical axis. The 
spectral distribution of this lamp according to the in-' 
vention, which in addition to mercury and argon com 
prises germanium and selenium only, is found to consist 
of a continum which extends throughout the visible 
part of the spectrum up to the ultraviolet part of the 
spectrum with a maximum at approximately 360-380 
nm. In addition to this continuum originating from ger 
manium selenide molecules, mercury lines and germa 
nium lines are also present in the spectral distribution. 

EXAMPLES 2, 3 and 4 

Three lamps (to be denoted by characters A, B and 
C, respectively) having a construction as shown in FIG. 
1 are provided with the following ?lling: 1.5 mg of tin, 
5.7 mg of mercury iodiode (I-IgIZ), 22 mg of mercury 
and argon up to a pressure of 20 Torr. Furthermore the 
lamps contain germanium selenide (GeSe) in the quan 
tities mentioned below: 
Lamp A : 1.0 mg 
Lamp B : 3.0 mg 
Lamp C : 5.0 mg 
The colour temperature T,‘ and the light output LO 

of these lamps which consume a power of 400 W dur 
ing operation have been measured. The measurements 
are summarised in thefollowing table. 

TABLE 

lamp ratio Sell T. in K L0 in Im/W 
A ' 0.26 6830 44 
B 0.78 10250 40 
C 1.30 >1l000 32 

The measurements show that higher colour tempera 
tures are achieved with increasing values of the ratios 
between the numbers of atoms of selenium and halogen 

' (Se/I). 
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EXAMPLE 5 

The discharge vessel of a lamp according to FIG. 1 
of the drawing is provided with 1.0 mg GeSe, 2.4 mg 
tin, 7.3 mg mercury bromide (ligBrz), 21 mg mercury 
and argon up to a pressure of 20 Torr. For this lamp in 
which the selenium-halogen ratio is 0.16, at a con 
sumed power of 400 W, there was measured: 
colour temperature 8,010 K 
colour rendition-index R0 = 96 
lightoutput 60 lm/W. 

10 

The spectral distribution of the radiation emitted by 
this lamp is shown in a graph in FIG. 3. This embodi 
ment of a lamp according to the invention is very suit 
able for general illumination purposes in those cases in 
which in addition to a perfect colour rendition a high 
colour temperature is required. 
What is claimed is: 
l. A high-pressure gas discharge lamp comprising: 
a light transmitting discharge vessel having at least a 20 

pair of electrodes secured thereto for exciting the V 
lamp, said vessel provided with a gas ?lling in 
which the discharge takes place, said gas ?lling in 
cluding at least 10'7 gram atoms of germanium per 
cubic centimeter of contents of the discharge ves 
sel and selenium, the ratio between the numbers of 
atoms of selenium and germanium being between 
0.5 and 4. 

2. A high-pressure gas discharge lamp as claimed in 
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6 
claim 1, wherein the ?lling further comprises tin and at 
least one halogen, in which the ratio between the num 
ber of atoms of halogen and tin is not more than 4 and 
in which the ratio between the numbers of atoms of se 
lenium and halogen is between 0.02 and 4. 

3. A high-pressure gas discharge lamp as claimed in 
claim 2 wherein the halogen is iodine. 

4. A high-pressure gas discharge lamp as claimed in 
claim 2 wherein the ratio between the numbers of 
atoms of halogen and tin is between 1.5 and 2.5 and 
that the ratio between the numbers of atoms of sele 
nium and germanium is between 0.8 and 1.2. 

5. A high-pressure gas discharge lamp as claimed in 
claim 2 wherein the quantity of germanium is between 
5 X 10*’ and 2 X 10'5 gram atoms per cubic cm of con 
tents of the discharge vessel, and that the ratio between 
the numbers of atoms of selenium and halogen is be 
tween 0.05 and 2. 

6. A high-pressure gas discharge lamp as claimed in 
claim 2 wherein the halogen is bromine. 

7. A high-pressure gas discharge lamp is claimed in . 
claim 2 wherein the halogens are iodine and bromine. 

8. A high-pressure gas discharge lamp as claimed in 
claim 1 wherein the ?lling comprises a starter gas and 
furthermore between 2.5 X 10‘6 and 2 X 10‘4 gram 
atoms of mercury per cubic cm of contents of the dis 
charge vessel as a buffer gas. 

* * * * * 


