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[57] , ABSTRACT 

A high-pressure mercury vapor discharge lamp includ 
ing halide additions. The lamp comprises, next to mer 
cury and a rare gas, one or more of the halogens io 
dine, bromine and chlorine and furthermore sodium, 
thallium and possibly indium. The lamp comprises cal 
cium in the, form of calcium halide which emits in a 
broad band in the red part of the spectrum. Cadmium 
may replace part of mercury. The lamp may comprise 

. as extra additions one or more of the elements scan 

1 dium, yttrium, lanthanum and the lanthanides. 

7v Claims, 2 Drawing Figures 
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HALOGEN CONTAINING HIGH-PRESSURE 
MERCURY VAPOR DISCHARGE LAMP 

The invention relates to a high-pressure mercury va 
pour discharge lamp comprising a discharge vessel 
whose wall is subjected to a power of between 10 and 
‘100 W per sq.cm during operation _of the lamp. In addi 
tion to mercury and one or more rare gases the dis 
charge vessel contains halides of given elements. In 
such a lamp the rare gas which has a relatively low par 
tial pressure, for example, between 5 and 100 Torr 
serves as an ignition gas. At the operating temperature 
of the lamp the mercury vapour pressure has a value of 
between approximately 0.5 and 30 atmospheres and 
the halides are partly evaporated and decomposed. 
The addition of elements in the form of halides par 

ticularly iodides of these elements to the discharge ves 
sel of a high-pressure mercury vapour discharge lamp 
is known (see, for example, U.S. Pat. No. 3,234,421) 
and results in a colour variation of the emitted light and 
an improvement of the colour rendition. In most cases 
the efficiency of the lamp is ,also satisfactorily in?u 
enced. ' 

A‘ lamp ?lling which is often used in practice is de 
scribed in Netherlands Pat. No. 137,797 issued on Oct. 
3, 1973 _(see ' corresponding British Pat. ' No. 
1,008,339). The lamp described in this Application not 
only contains a rare gas and mercury but also the io 
dides of sodium, thallium and indium. Sodium iodide is 
present in an excess in the lamp, that is to say, unevapo 
rated sodium iodide is still present during operation of 
the lamp. In connection with the sodium iodide dosage 
in the lamp a very high excess. is used in practice. The 
addition of iodides results in the mercury spectrum of 
vthe radiation emitted by the lamp being- suppressed to 
a considerable extent. Sodium iodide provides a strong 
contribution in the yellow part of the spectrum. As a 
result of the addition of thallium and indium iodide a 
strong contribution in the green and blue parts, respec 
tively, of the spectrum is obtained. A high light output 
and a colour rendition which is satisfactory for general 
_uses can'be achieved with the known lamp. 

_ lj‘or those-uses where stringent requirements are im-’ 
7 ‘posed, on the rendition of colours an addition of the 
spectrumof the radiation emitted by the lamp is, how 

i ever, necessary. It has been found that particularly the 
intensity in the red part of the spectrum is insufficient 
so that a satisfactory rendition of red colours cannot be 
obtained. To improve this Netherlands Patent Applica 
tion No. 6,603,920 published on Sept. 26, 1967 (see 
also corresponding British Pat. No. 1,425,063 ) pro 
poses to add lithium iodide to such a lamp. By using 
lithium iodide, which likewise as sodium iodide is dosed 
in an excess, two strong emission lines atapproximately 

. 610 and 670 nm are produced in the spectral distribu 
tion of the radiation emitted by the lamp. . 

‘ A great drawback of the use of lithium iodide in a 
' high-pressure mercury vapour discharge lamp is that 
the wall of the discharge vessel, which generally con 
sists of quartz or hard glass, is severely attacked as the 
result of the ‘aggressiveness of lithium iodide. Such 
lamps therefore have a comparatively short lifetime 
(for example, several hundred operating hours). 
One of the objects of the'invention is to provide a 

high-pressure mercury vapour discharge lamp which 
has also a satisfactory colour rendition in the red part 
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of the spectrum and in which the drawbacks of the use 
of lithium iodide do not occur. v ' 

According to the invention a high-pressure mercury 
vapour discharge lamp has a discharge vessel whose 
wall is subjected to a power of between 10. and 100 vW 
per sq.cm during operation of the lamp and which com 
prises a rare gas as an ignition gas, at least one of the 
halogens iodine, bromine and chlorine, from 0.5 to 40 
mg of mercury per cubic cm of content of the discharge 
vessel, such a quantity of sodium in the form of sodium 
halide that unevaporated sodium halide is present dur 
ing operation, from 0.25 to 25 percent by weight of 
thallium calculated on the quantity of mercury and 
from 0 to 15 percent by weight of indium calculated on 
the quantity of mercury, and is characterized in that the ' 
discharge vessel furthermore contains calcium in a 
quantity of between 1 and 30 percent by weight of the 
quantity of mercury and that the quantity of halogen is 
at least equal to the chemical equivalent of sodium and 
calcium presentand amounts to not more than twice 
the chemical equivalent of sodium, calcium, thallium 
and indium present. _ 

Likewise as the known lamps a lamp according to the 
invention comprises a rare gas as an ignition gas, mer 
cury, which predominantly serves for the formation of 
a buffer gas, sodium halide in an- excess and further 
more the metals thallium and possibly indium. Under _ 
the operating conditions'of the lamp, the wall of the 
lamp is to be subjected to a power of between 10 and 
100 W per sq. cm cm in order to ensure a wall tempera, 
ture whichis high. enough to reach thevdesired vapour 
pressure‘ of the halides. The quantity of mercury is to 

' be chosen within the above-mentioned limits. If .less 
than 0.5 mg of mercury per cubic cm is useda too low 
‘arc voltage is obtained so'that too little energy is taken 

' up by the lamp. When using a mercury quantity of 
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more than 40 mg' per cubic cm an unstable discharge 
is obtained. The quantity of thallium is to be at least 
0.25 percent by weight calculated on the quantity of 
mercury because otherwise a too' low light output isob 
tained. When using more than 25 percent by weight of . 
thallium the colour of the emitted radiation becomes 
too green. in order to obtain a suitable contribution in 
the ‘blue. part of the spectrum indium may be added to 
the lamp filling. However, the above-given maximum 
quantity must not be exceeded because otherwise too 
much blue radiation is obtained. 
A lamp'according to the invention furthermore com 

prises calcium in a quantity of between 1 and 30 per 
cent by weight vof the quantity of mercury. Calcium is 
present in' the lamp in the form of calcium halide (for 
example, Cab) which evaporates during operation of 

. the lamp and entirely or. partly decomposes in the dis 
charge. A quantity of calcium monohalide (for exam 
ple, Cal) is then formed. As a-result of the calcium hal-v 
ide addition a strong contribution in the red part be 
tween approximately 605 and 670 nm is obtained in the 
spectrum of the emitted radiation of a lamp according - 
to the invention. This contribution originates from the 
calcium monohalide molecules._ Furthermore atomic 
emission lines of calcium are found at approximately 
610 and 645 nm. 
The quantity of halogen in a lamp according to the _ 

invention is at least equal to the chemical equivalent of 
sodium and calcium present, that is to say, the quantity 
of halogen is sufficient to bind sodium and calcium to 

v NaX and CaX2, respectively, in which X represents one 
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or more of the elements I, Br and Cl. It has been found 
that with this minimum quantity of halogen also the 
other metals present in the lamp, with the exception of 
mercury, can be introduced into the discharge in the 
form of halides of these elements. The maximum quan 
tity of halogen is twice the chemical equivalent of so 
dium, calcium, thallium and indium present. In fact, if 
the lamp contains more halogen than the said maxi 
mum quantity, an unstable discharge and a low effi 
ciency is obtained. 
A lamp according to the invention has the advantage 

that the spectral distribution of the radiation emitted in 
the red part of the spectrum consists for a considerable 
part of a broad band. This originates from the calcium 
monohalide molecules. As is known such a spectral dis 
tribution has a favourable in?uence on the colour ren 
dition of the lamp. 
A further advantage of a lamp according to the in 

vention is that calcium halide used is not aggressive 
which is in contrast with lithium iodide used in the 
known lamps. As a result there is substantially no at 
tack of the wall of the lamp according to‘ the invention 
and a long lifetime can be achieved with these lamps. 

Lamps according to the invention are preferred in 
which the wall load is between 10 and 30 W per sq.cm 
and which contains from 0.5 to 10 mg of mercury per 
cubic cm from 5 to 20 percent by weight of thallium 
and from 0 to 10 percent by weight of indium and in 
which furthermore the quantity of calcium is between 
5 and 20 percent by weight. The highest light outputs 
and optimum results as regards the colour rendition are 
achieved with such lamps. 
A lamp according to the invention has the advantage 

that the location in the spectrum of the emission band 
of calcium monohalide can be influenced by suitable 
choice of the halogen to be used. For CaIthis band is 
located between approximately 630 and 670 nm, for 
CaBr between approximately 610 and 640 nm and for 
CaCl between approximatey 605 and 640 nm. In a pre 
ferred embodiment of a lamp according to the inven 
tion iodine is used as a halogen because bromine and 
chlorine may give rise to, for example, electrode at» 
tack. 

In a lamp according to the invention up to 50 percent 
by weight of the quantity of mercury may be advanta 
geously replaced by cadmium. Likewise as mercury, 
cadmium has the function of a buffer gas. Furthermore 
cadmium gives rise to a desirable extra contribution to 
the ‘light emission in the green and green-blue parts of 
the spectrum. ' 

' In an advantageous embodiment of a lamp according 
to the invention the discharge vessel furthermore com 
prises one or more of the elements scandium, yttrium, 
lanthanum and the lanthanides in a quantity of between 
0.l and 40 percent by weight calculated relative to 
mercury. The quantity of halogen is chosen between 
the quantity which is chemically equivalent to sodium, 
calcium, scandium, yttrium, lanthanum and the lantha 
nides present and twice the quantity which is chemi 
cally equivalent to all metals present, with the excep 
tion of mercury and cadmium. The addition of the said 
extra elements has the advantage that in the spectrum 
of the radiation emitted by the lamp a desired addition 
is obtained particularly in the range between 400 and 
530 nm. If one or more of the said extra elements are 
added to the lamp, indium may be completely omitted 
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4 
in the lamp filling while yet obtaining a sufficient con 
tribution in the blue part of the spectrum. The omission 
of indium has the further advantage that generally 
higher light outputs are obtained. 
A lamp according to the invention preferably com 

prises as an extra element neodymium in a quantity of 
between 3 and 40 percent by weight of the quantity of 
mercury. The extra contribution provided by neodym 
ium to the spectrum of the radiation emitted by the 
lamp consists of a large number of lines. Especially in 
the green-blue part of the spectrum these lines consti 
tute a quasi-continuous radiation contribution so that 
the colour rendition of the lamp is still further im 
proved. . 

In a further preferred embodiment of a lamp accord 
ing to the invention dysprosium (possibly in combina 
tion with neodymium) is present as an extra element in 
a quantity of between 3 and 40 percent by weight (cal 
culated relative to mercury). Dysprosium likewise pro 
vides a quasi-continuous contribution and this in sub 
stantially the entire visible part of the spectrum so that 
the colour rendition of the lamp is favourably in?u 
enced. v 

The invention will now be described in greater detail 
with reference to a drawing and a number of embodi 
ments. In the drawing 
FIG. 1 shows a lamp according to the invention and 

FIG. 2 shows in a graph the spectral distribution of 
the emitted radiation of a lamp according to the inven 
tion. . 

In FIG. 1, l is a quartz glass discharge vessel of a 
lamp according to the invention which has a power out 
put of approximately 400 Watts during operation. 
Pinches 2 and 3 in which current supply elements 4 and 
5 have been sealed are formed at both ends of the dis 
charge vessel I. These current supply elements are con 
nected within the discharge vessel to tungsten elec 
trodes 6 and 7 between which the discharge takes place 
during operation. The discharge vessel 1 is placed in an 
evacuated or inert gas-?lled outer envelope 8, for ex 
ample, of hard glass which has a pinch 9 at one end 
through which current supply wires 10 and 11 have 
been 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 discharge vessel. The discharge vessel I 
1 has an internal diameter of 15.5 mm and a content of 
7.5 cubic cm. The distance between the electrodes is 
41 mm. 

EXAMPLE I 

The discharge vessel of a lamp according to FIG. 1 
is ?lled with 

35 mg Hg 
0.20 Nal 

mol 
7.5 mg Tl 
l.7 mg In 
0. l6 Cal, 

mol 

and furthermore with a mixture of neon and 1 percent 
of argon up to a pressure of 40 Torr. 
A light output '1) of 56 lm/W and a colour tempera 

ture T of the emitted radiation of 5350 K were mea 
sured on this lamp. In order to determine the colour 
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rendition quality of the lamp the colour rendering indi 
ces were measured (see ClE Publication No. 13 (E 
l.3.2.), 1965). The values for Rhd a8 and RM (mean 
value of the colour rendering index for 8 and 14 test 
colours, respectively) were 75 and 63, respectively. For 
the purpose of comparison the values of colour temper 
ature and colour rendering index of a completely anal 
ogous lamp which does not contain Calz were mea 
sured. These values were: T = 4200 K and R08 = 68.5 
and RG14 = 7 

Example 2. > 

A lamp as shown in FIG. 1 was provided with 

_ 28 mg Hg 
0.22 Nal 

mol 
5.2 mg Tl 
2 mg In 
0.18 Cal: 

. mol ‘ 

10 mg Cd 

and furthermore with a mixture of neon and 1 percent 
of argon up to a pressure of 40 Torr. 

Measured: 1) == 58 lm/W T = 4650 K 
Rm, =85.5 Rm =78 I ’ 

EXAMPLE 3 

A lamp as shown ‘in FIG. 1 was provided with 

. 36 ' mg Hg 
0.08 ' Nal 

‘ mol 

2.5 mg Tl 
. 0.08 Cal, 

mol . 

0.03 Gd‘: 
_mol 

and furthermore with a mixture of neon and 1 percent 
of argon up to a pressure of 20 Torr. 

Measured: ' 1| = 78 lrn/W T = 4950 K 
T R,,_“ = 83.5 Rmv = 75.5. 

EXAMPLE 4 

A lamp as showril in FIG. 1 was provided with 

.35 mg Hg 
_ 0.08 Na] 

mol 
4.5 mg Tl 
l.5 mg' In 
0.08 Cal, 

mol . 

' 0,03 - DyJ“ 

mol 

and furthermore ‘with argon up to a pressure of 20 Torr. 

T = 5250 
__ _ Measured: v ‘RG14: 

6 
' EXAMPLE 5 

A lamp as shown in FIG. 1 was ?lled with 

.5 v 36 mg Hg 

0.08 Nal 
mol 

5 mg Tl 
1.7 mg In 
0.08 Cal2 

mol 
10 0.03 Ndla 

mol ' 

and furthermore with a mixture of neon and 1 percent 
of argon up to a pressure of 40 Torr. 

l5 

Measured: 

20 

1 =s150 K 
12,,H = 80.5 p 

The spectral energy distribution of the radiation emit 
ted by this lamp is shown in the drawing of FIG. 2. In 
the Figure the wavelength A is plotted in nm on‘the hor 
izontal axis. The emitted radiation energy E per wave 
length interval of 5 nm is plotted in arbitrary units on 

25 

the vertical axis. 
30 .__..w_ . . '.._.:._. 2-2%,...“ __. _..__.__ 2.5.2,». ._._,._.A_...,..__. 

‘ . EXAMPLE 6 

A lamp as shown in FIG. 1 was provided with 

35 . 

24 mg Hg 
0.l NaI 

mol ‘ 

5 mg Tl 
I mg ln 

l0 mg ca 
40 0.l , Cal, ' 

mol - > 

0.05- >DyI,_ 
‘ mol ' 

0.05 'Ndla 
mol 

45 ' t ‘ . 

‘and furthermore with a'mixture of_ neon and v1 percent 
of argon up to a pressure of 40 Torr.v 

‘so 

Measured: n = sq Im/W r '=-420o K - 
' R,,,, = 94 R...4 = 90. . ' 

55 - _ a.-- __. .._ W .. , V EXAMPLE 7 

I A lamp as shown in FIG. 1 was provided with 
60 - ' ' ' 

36 mg Hg 
0.22 Nal 

mol 
5.2 mg Tl 

' . 2 mg In 

65 0.2 CaBr, 
mol - . 

and furthermore with-argon up to a pressure of 20 Torr. 
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Results: 1; = 65 lm/W T = 5200 K 
Ran = 73-5 Run .= 6‘ 

EXAMPLE 8 

A lamp as shown in FIG. 1 was provided with 

28 mg _Hg 
0.22 Na] 

mo] 
5.2 mg Ti 
2 mg In 
0.I6 CaClz 

mol 

and furthermore with argon up to a pressure of 20 Torr. 

Measured: T = 5150 K 

What is claimed is: . 

l. A high-pressure mercury vapour discharge lamp 
comprising a discharge vessel whose wall is subjected 
to a power of between 10 and 100 W per sq.cm. during 
operation of the lamp and consisting of a rare gas as an 
ignition gas, at least one of the halogens iodine, bro 
mine and chlorine, from 0.5 to 40 mg of mercury per 
cubic cm of content of the discharge vessel, such a 
quantity of sodium in the form of sodium halide that 
unevaporated sodium halide is present during opera 
tion, from 0.25 to 25 percent by weight of thallium cal 
culated on the quantity of mercury and from 0 to 15 
percent by weight of indium calculated on the quantity 
of mercury, wherein the discharge vessel furthermore 
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8 
contains calcium in a quantity of between 1 and 30 per 
cent by weight of the quantity of mercury and that the 
quantity of halogen is at least equal toithe chemical 
equivalent of sodium and calcium present and is not 
more than twice the chemical equivalent of sodium, 
calcium, thallium and indium present. 

2. A high-pressure mercury vapour discharge lamp as 
claimed in claim 1 in which the wall load is between 10 
and 30 W per sq.cm and comprising from 0.5 to 10 mg 
of mercury per cubic cm of content of the discharge 
vessel, from 5 to 20 percent by weight of thallium and 
from 0 to 10 percent by weight of indium calculated on 
the quantity of mercury, and wherein the discharge ves 
sel contains calcium in a quantity of between 5 and 20 
percent by weight of the quantity of mercury. 

3. A high-pressure mercury vapour discharge lamp as 
claimed in claim 1, wherein the halogen is iodine. 

4. A high-pressure mercury vapour discharge lamp as 
claimed in claim 1, wherein up to 50 percent by weight 
of mercury is replaced by cadmium. 

5. A high-pressure mercury vapour discharge lamp as 
claimed in claim 1, wherein the discharge vessel fur 
thermore contains one or more of the elements scan 
dium, yttrium, lanthanum and the lanthanides in a 
quantity of between 0.1 and 40 percent by weight of 
the quantity of mercury and that the quantity of halo 
gen is at least equal to the chemical equivalent of so 
dium, calcium, scandium, yttrium, lanthanum and the 
lanthanides present and is not more than twice the 
chemical equivalent of all metals present, with the ex 
ception of mercury and cadmium. 

6. A high-pressure mercury vapour discharge lamp as 
claimed in claim 5, wherein the discharge vessel con 
tains neodymium in a quantity of between 3 and 40 per 
cent by weight of the quantity of mercury. 

7. A high-pressure mercury vapour discharge lamp as 
claimed in claim 5, wherein the discharge vessel con 
tains dysprosium in a quantity of between 3 and 40 per 
cent by weight of the quantity of mercury. 

* * * * * 
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