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Description

[0001] The invention relates to a low-pressure mercury discharge lamp comprising a light-transmitting envelope
which encloses a discharge space in a gastight manner, which discharge space is provided with an ionizable filling of
mercury as well as one or several rare gases, and further comprising means for maintaining an electric discharge in
the discharge space, said envelope being provided with a luminescent material which is excitable by means of radiation
having a wavelength of 254 nm.
[0002] Such a low-pressure mercury discharge lamp is known from EP 660 371 A1. The envelope enclosing the
discharge space of the known lamp is a tubular discharge vessel in which electrodes are positioned at both ends so
as to serve as the means for maintaining a discharge in the discharge space. The discharge vessel is provided with a
luminescent layer at a surface facing towards the interior, with a luminescent material comprising the luminescent
substances: cerium-magnesium aluminate activated by trivalent terbium, barium-magnesium aluminate activated by
bivalent europium, and yttrium oxide activated by trivalent europium. The known lamp serves as a replacement for an
incandescent lamp. It is a disadvantage that this lamp in a dimmed operational state has a color point whose x-coor-
dinate value is lower than it is during nominal operation. The known lamp differs from an incandescent lamp in this
respect; indeed, the value of the x-coordinate of the color point in the dimmed operational state of an incandescent
lamp is higher than it is in the nominal operational state.
[0003] It is an object of the invention to provide a low-pressure mercury discharge lamp of the kind described in the
opening paragraph whose x-coordinate value of the color point in the dimmed operational state is higher than it is in
the nominal operational state. According to the invention, the low-pressure mercury discharge lamp of the kind de-
scribed in the opening paragraph is for this purpose the envelope being in addition provided with a further luminescent
material, having an emission spectrum with a maximum in a wavelength range from 580 to 720 nm characterized in
that said further luminescent material has an excitation spectrum whose value for a wavelength of 436 nm amounts
to at least 10% of that for a wavelength of 254 nm.
[0004] The inventor has found that the intensity of the radiation with a wavelength of 436 nm generated in the dis-
charge space decreases less strongly than that of 254 nm radiation when the lamp is dimmed. The radiation having
the former wavelength is converted into radiation lying in a wavelength range from 580 to 720 nm in the lamp according
to the invention. The lamp according to the invention thus has a color point in the dimmed operational state whose x-
coordinate has a higher value than in the nominal operational state.
[0005] It is noted that a low-pressure mercury discharge lamp is known from US-P 5,592,052 whose envelope is
provided with a luminescent material which is excitable by means of radiation having a wavelength of 254 nm and with
a further luminescent material which is excitable by means of radiation having a wavelength in the range from 330 to
440 nm. The combination of these luminescent materials aims to achieve that the color temperature of the lamp can
be adjusted by means of the manner of operation. The color temperature of the known lamp rises when the known
lamp is operated in the pulse burst mode instead of continuously. The luminous flux decreases at the same time with
this change in the manner of operation. This is undesirable when a low-pressure mercury discharge lamp is used as
a replacement for an incandescent lamp. Incandescent lamps by contrast have the property that the color temperature
falls when the luminous flux is set for a lower value. In an embodiment of the lamp known from US-P 5,592,052, the
further luminescent material is formed by the luminescent substance YVO4:Eu3+. This luminescent material is not or
hardly excitable by means of radiation having a wavelength of 436 nm.
[0006] The further luminescent material of the lamp according to the invention may comprise a single luminescent
substance or may be composed of several luminescent substances. Suitable luminescent substances for the further
luminescent material are, for example, CaS:Eu2+, SrS:Eu2+ or (Zn,Cd)S:Ag+, or an organic luminescent material such
as Eu cinnamate.
[0007] In an attractive embodiment of the low-pressure mercury discharge lamp according to the invention, the max-
imum of the emission spectrum of the further luminescent material lies between 630 nm and 700 nm. The further
luminescent material then contributes to the color rendering index R9 (deep red). The luminescent substance
Mg4GeO5.5F:Mn4+, for example, is suitable for this.
[0008] The degree to which the value of the x-coordinate of the color point rises when the lamp is dimmed can be
influenced by the degree to which the further luminescent material absorbs the 436 nm radiation. In a practical em-
bodiment, the further luminescent material absorbs 20 to 70% of the radiation having a wavelength of 436 nm generated
in the discharge space. The effect of the measure is comparatively small for values lower than 20%. Values above
70% in general lead to a comparatively strong absorption also of the radiation generated by the luminescent material.
The degree of absorption may be readily chosen by those skilled in the art. For example, the further luminescent
material may be provided in a suspension. A higher percentage by weight of the further luminescent material in the
suspension will lead to a higher coating weight and thus to a stronger absorption. The luminescent material may consist
of a single luminescent substance which emits over a wide wavelength range or a single luminescent substance which
emits in different wavelength ranges. Alternatively, the luminescent material may be composed of different luminescent
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substances which emit in mutually differing wavelength ranges.
[0009] The luminescent material may comprise, for example, one or several of the luminescent substances
Ce0.67Tb0.33MgAl11O19 (CAT), Ce0.3Gd0.5Tb0.2MgB5O10 (CBT) for emission in a wavelength range from 520 to 565
nm. Tb3+ here performs the role of activator. If a comparatively high nominal color temperature is desired, the lumi-
nescent material may in addition comprise one or several of the luminescent substances (Ba,Ca)1.29Al12O19.29:Eu2+

(BAL), Sr5(PO4)3Cl:Eu2+ (SCAP), BaMgAl10O17:Eu2+ (BAM), and Sr2Al6O11:Eu2+ (SAL) for emission in a wavelength
range from 430 to 490 nm. The radiation in this wavelength range may be entirely realized by direct emission of the
mercury discharge, in particular the 436 nm line, in lamps having a comparatively low nominal color temperature. The
further luminescent material contributes to the wavelength range from 580 to 720 nm in the spectrum. If so desired, a
luminescent substance may be present in the luminescent material which makes an additional contribution to this
wavelength range, such as Y2O3:Eu3+ (YOX).
[0010] In an embodiment of the lamp according to the invention, the envelope is a discharge vessel which is closed
in a vacuumtight manner, while the luminescent material and the further luminescent material are jointly provided in a
luminescent layer. An attractive embodiment is characterized in that the luminescent material and the further lumines-
cent material are provided in mutually differing luminescent layers, the luminescent layer comprising the luminescent
material being arranged between the discharge space and the luminescent layer comprising the further luminescent
material. This has the advantage that UV radiation generated in the discharge space has already been largely converted
in the luminescent layer comprising the luminescent material before it can reach the luminescent layer comprising the
further luminescent material. In addition, the luminescent material here protects the further luminescent material against
bombardment with ions and electrons from the discharge space. This widens the range of options from which the
further luminescent material can be chosen.
[0011] In a modification of the above attractive embodiment, the luminescent layers are provided on the surface of
the discharge vessel facing to the interior, such that the luminescent layer comprising the further luminescent material
supports the luminescent layer comprising the luminescent material. A favorable modification of said attractive em-
bodiment of the lamp according to the invention is characterized in that the envelope comprises not only a discharge
vessel which is closed in a vacuumtight manner but also an outer bulb which surrounds the discharge vessel, said
discharge vessel supporting a luminescent layer comprising the luminescent material on a surface facing towards the
interior and the outer bulb supporting a luminescent layer comprising the further luminescent material. The luminescent
layer comprising the further luminescent material then serves at the same time as a diffusor for the light generated by
the luminescent layer comprising the luminescent material. The outer bulb may be made from glass, or alternatively
from a synthetic resin. It is obviously sufficient in those embodiments in which the envelope consists of several parts
for only one of these parts, for example the discharge vessel or the outer bulb, of the envelope to be closed in a gastight
manner.
[0012] It is self-evident that the nature of the means for maintaining the discharge is immaterial to the essence of
the invention. Said means may be constructed, for example, as a pair of electrodes which may or may not be positioned
inside the discharge vessel. Alternatively, the means may be constructed, for example, as a coil with which an alternating
magnetic field is generated in the discharge space during operation. The coil is preferably positioned outside the dis-
charge space because electrical lead-through elements through the discharge vessel are thus avoided.
[0013] These and other aspects of the invention will be explained in more detail with reference to a drawing, in which:

Fig. 1 shows a first embodiment of the low-pressure mercury discharge lamp according to the invention,
Fig. 2 shows the emission spectrum of the further luminescent material used in the lamp of Fig. 1,
Fig. 3A shows the excitation spectrum of this further luminescent material,
Fig. 3B shows the excitation spectrum of another luminescent material,
Fig. 4 shows the difference (∆x, ∆y) in color point during dimmed operation versus nominal operation, and
Fig. 5 shows a second embodiment of the low-pressure mercury discharge lamp according to the invention.

[0014] The first embodiment of the low-pressure mercury discharge lamp shown in Fig. 1 comprises a light-trans-
mitting envelope 1 which encloses a discharge space 2 in a gastight manner, which discharge space is provided with
an ionizable filling comprising mercury and one or several rare gases. The lamp shown further comprises means 3 for
maintaining an electric discharge in the discharge space 2. The envelope 1 is provided with a luminescent material 4
which is excitable by means of radiation having a wavelength of 254 nm. The luminescent material 4 here comprises
the luminescent substances Ce0.67Tb0.33MgAl11O19, and Y2O3:Eu3+ in a weight ratio of 23:77. The envelope 1 is in
addition provided with a further luminescent material 5 which has an excitation spectrum whose value for a wavelength
of 436 nm is at least 10 % of that for a wavelength of 254 nm, while the emission spectrum has a maximum in a
wavelength range from 580 to 720 nm.
[0015] The further luminescent material 5 in this case comprises the luminescent material Mg4GeO5.5F:Mn4+ whose
emission spectrum has a maximum which lies between 630 nm and 700 nm, i.e. at approximately 660 nm.
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[0016] The envelope 1 in the embodiment shown comprises several parts, i.e. a discharge vessel 10 which is closed
in a vacuumtight manner and an outer bulb 11. The discharge vessel 10 is constructed as a tube which is bent into a
hook shape and which has an internal diameter of 10 mm. An electrode 3a, 3b is arranged in the tube at each end.
The electrodes 3a, 3b form the means 3 for maintaining an electric discharge in the discharge space 2. The outer bulb
11 surrounds the discharge vessel 10.
[0017] The low-pressure mercury discharge lamp shown here forms part of a lighting unit which in addition comprises
a supply unit 6 which can be controlled with a controller 7. The supply unit 6 is accommodated in a housing 8 and
connected to contacts 9a, 9b of a lamp cap 9 attached to the housing 8.
[0018] The luminescent material 4 and the further luminescent material 5 are provided in mutually differing lumines-
cent layers 40 and 50, respectively. The luminescent layer 40 comprising the luminescent material 4 is present between
the discharge space 2 and the luminescent layer 50 comprising the further luminescent material 5. The discharge
vessel 10 here supports the luminescent layer 40 with the luminescent material 4 at a surface 10' facing towards the
interior. The outer bulb 11 supports the luminescent layer 50 with the further luminescent material 5, here again at a
surface 11' which faces towards the interior.
[0019] Fig. 2 shows the emission spectrum of Mg4GeO5.5F:Mn4+. The emission has a maximum at a wavelength of
660 nm. The excitation spectrum of this luminescent substance used in the further luminescent material is shown in
Fig. 3A. It is apparent therefrom that the value of the excitation spectrum of the further luminescent material at a
wavelength of 436 nm amounts to 48% of that at 254 nm. Fig. 3B shows the excitation spectrum of YVO4:Eu3+, for
comparison, from which it appears that the value of the excitation spectrum of this luminescent substance at a wave-
length of 436 nm is negligibly small compared with that at a wavelength of 254 nm.
[0020] Two lamps (inv1, inv2) according to the embodiment of the invention shown in Fig. 1 and one lamp (ref) not
according to the invention were manufactured. The luminescent layer 50 comprising the further luminescent material
5 absorbs 39 and 61 % of the radiation having a wavelength of 436 nm in the lamps inv1 and inv2, respectively. The
absorption lies between the limits of 20% and 70% mentioned above in both cases. The luminescent layer 50 with the
further luminescent material 5 was obtained in that a suspension comprising the luminescent substance Mg4GeO5.5F:
Mn4+ with butyl acetate as a suspension agent and nitrocellulose as a binder was caused to flow over the inner surface
of the outer bulb and dried, whereupon the binder was driven from the luminescent layer 50 by heating. The quantities
by weight of said luminescent substance in the suspension were 1.39 and 1.48 g/cm3 in the lamps inv1 and inv2,
respectively. An outer bulb was absent in the lamp ref.
[0021] The lamps ref, inv1, and inv2 were operated in the nominal and in the dimmed state consecutively. In the
nominal operational state, the power P dissipated by the lamp is 8.5 W, in the dimmed state 3.4 W. The luminous flux
values of the lamps in the dimmed state were approximately 15 % of those in the nominal operational state. The
following Table lists the color temperature Tc and the coordinates x, y of the color points of said lamps in both operational
states.

[0022] Fig. 4 shows with arrows the change (∆x, ∆y) of the color point in a transition from the nominal operational
state to the dimmed operational state. It is apparent from Fig. 4 that the value of the x-coordinate of the color point in
the dimmed operational state is higher than it is in the nominal operational state for the lamps inv1 and inv2 according
to the invention. For the lamp ref not according to the invention, the x-coordinate of the color point in the dimmed
operational state by contrast has a lower value than in the nominal operational state.
[0023] A second embodiment of the lamp according to the invention is shown in Fig. 5. Components therein corre-
sponding to those in Fig. 1 have reference numerals which are 100 higher. The envelope 101 in this embodiment
comprises an inner part 112 and an outer part 113. The inner part 112 is a tube bent into a U-shape with a first closed
end 112a in which a first electrode 103a is arranged, and a second, open end 112b. The outer part 113 envelops the
inner part 112 in a gastight manner. A second electrode 103b is arranged in the outer part opposite the open end 112b.
A surface 112' facing inwards of the inner part 112 of the envelope 101 is provided with a luminescent material 104
which comprises the luminescent substances BaMgAl11O17:Eu2+, Ce0.67Tb0.33MgAl11O19, and Y2O3:Eu3+. The outer
part 113 of the envelope 101 is provided with a further luminescent material 105 comprising the luminescent substance
CaS:Eu2+ on a surface 113' facing towards the interior.

P(W) ref inv1 inv2

Tc(K) x y Tc(K) x y Tc(K) x y

8.5 2778 457 416 2710 473 436 2653 485 448

3.4 2699 454 400 2579 475 421 2537 489 438
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Claims

1. A low-pressure mercury discharge lamp comprising a light-transmitting envelope (1; 101) which encloses a dis-
charge space (2; 102) in a gastight manner, which discharge space is provided with an ionizable filling of mercury
as well as one or several rare gases, and further comprising means (3a, 3b; 103a, 103b) for maintaining an electric
discharge in the discharge space, said envelope (1; 101) being provided with a luminescent material (4; 104) which
is excitable by means of radiation having a wavelength of 254 nm, the envelope (1; 101) being in addition provided
with a further luminescent material (5; 105) having an emission spectrum with a maximum in a wavelength range
from 580 to 720 nm, characterized in that said further luninescent material has an excitation spectrum whose
value for a wavelength of 436 nm amounts to at least 10 % of that for a wavelength of 254 nm.

2. A low-pressure mercury discharge lamp as claimed in claim 1, characterized in that the maximum of the emission
spectrum of the further luminescent material (5) lies between 630 nm and 700 nm.

3. A low-pressure mercury discharge lamp as claimed in claim 1 or 2, characterized in that the further luminescent
material (5) absorbs 20 to 70% of the radiation having a wavelength of 436 nm generated in the discharge space.

4. A low-pressure mercury discharge lamp as claimed in claim 1, 2 or 3, characterized in that the luminescent
material (4) and the further luminescent material (5) are provided in mutually differing luminescent layers (40 and
50, respectively), the luminescent layer (40) comprising the luminescent material (4) being arranged between the
discharge space (2) and the luminescent layer (50) comprising the further luminescent material (5).

5. A low-pressure mercury discharge lamp as claimed in claim 4, characterized in that the envelope (1) comprises
a discharge vessel (10) which is closed in a vacuumtight manner and an outer bulb (11), which outer bulb (11)
surrounds the discharge vessel, said discharge vessel (10) supporting the luminescent layer (40) comprising the
luminescent material (4) on a surface facing towards the interior and the outer bulb (11) supporting a luminescent
layer (50) comprising the further luminescent material (5).

Patentansprüche

1. Niederdruck-Quecksilberentladungslampe mit einer lichtdurchlässigen Umhüllung (1; 101), die einen Entladungs-
raum (2; 102) gasdicht umschließt, welcher Entladungsraum mit einer ionisierbaren Füllung aus Quecksilber sowie
einem oder mehreren Edelgasen versehen ist, und weiterhin mit Mitteln (3a, 3b; 103a, 103b) zum Aufrechterhalten
einer elektrischen Entladung in dem Entladungsraum, wobei diese Umhüllung (1; 101) mit einem lumineszierenden
Material (4; 104) versehen ist, das mit Hilfe von Strahlung mit einer Wellenlänge von 254 nm anregbar ist, wobei
die Umhüllung (1; 101) zudem mit einem weiteren lumineszierenden Material (5; 105) versehen ist, das ein Emis-
sionsspektrum mit einem Maximum in einem Wellenlängenbereich von 580 bis 720 nm aufweist, dadurch ge-
kennzeichnet, dass das genannte weitere lumineszierende Material ein Anregungsspektrum aufweist, dessen
Wert für eine Wellenlänge von 436 nm zumindest 10% desjenigen fiir eine Wellenlänge von 254 nm beträgt.

2. Niederdruck-Quecksilberentladungslampe nach Anspruch 1, dadurch gekennzeichnet, dass das Maximum des
Emissionsspektrums des weiteren lumineszierenden Materials (5) zwischen 630 nm und 700 nm liegt.

3. Niederdruck-Quecksilberentladungslampe nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das weitere
lumineszierende Material (5) 20 bis 70% der in dem Entladungsraum erzeugten Strahlung mit einer Wellenlänge
von 436 nm absorbiert.

4. Niederdruck-Quecksilberentladungslampe nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass das lumi-
neszierende Material (4) und das weitere lumineszierende Material (5) in zueinander unterschiedlichen Leucht-
schichten (40 bzw. 50) vorgesehen sind, wobei die Leuchtschicht (40) mit dem lumineszierenden Material (4)
zwischen dem Entladungsraum (2) und der Leuchtschicht (50) mit dem weiteren lumineszierende Material (5)
angeordnet ist.

5. Niederdruck-Quecksilberentladungslampe nach Anspruch 4, dadurch gekennzeichnet, dass die Umhüllung (1)
ein vakuumdicht umschlossenes Entladungsgefäß (10) und einen Außenkolben (11) umfasst, welcher Außenkol-
ben (11) das Entladungsgefäß umgibt, wobei das Entladungsgefäß (10) auf einer nach innen gewandten Fläche
die Leuchtschicht (40) mit dem lumineszierenden Material (4) trägt und der Außenkolben (11) eine Leuchtschicht
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(50) mit dem weiteren lumineszierenden Material (5) trägt.

Revendications

1. Lampe à décharge au mercure basse pression comprenant une enveloppe transmettant la lumière (1; 101) qui
renferme un espace de décharge (2; 102) de manière étanche aux gaz, ledit espace de décharge étant muni d'un
remplissage ionisable de mercure ainsi que d'un ou plusieurs autres gaz rares, et comprenant en outre un moyen
(3a, 3b; 103a, 103b) pour entretenir une décharge électrique dans l'espace de décharge, ladite enveloppe (1;101)
étant munie d'un matériau luminescent (4;104) qui est excitable au moyen du rayonnement ayant une longueur
d'onde de 254 nm, l'enveloppe (1:11) étant en outre munie d'un autre matériau luminescent (5; 105) ayant un
spectre d'émission avec un maximum dans une plage de longueurs d'onde de 580 à 720 nm, caractérisée en ce
que ledit autre matériau luminescent a un spectre d'excitation dont la valeur pour une longueur d'onde de 436 nm
s'élève à au moins 10% de celle pour une longueur d'onde de 254 nm.

2. Lampe à décharge au mercure basse pression selon la revendication 1, caractérisée en ce que le maximum du
spectre d'émission de l'autre matériau luminescent (5) se situe entre 630 et 700 nm.

3. Lampe à décharge au mercure basse pression selon la revendication 1 ou 2, caractérisée en ce que l'autre
matériau luminescent (5) absorbe 20 à 70% du rayonnement ayant une longueur d'onde de 436 nm généré dans
l'espace de décharge.

4. Lampe à décharge au mercure basse pression selon la revendication 1, 2 ou 3, caractérisée en ce que le matériau
luminescent (4) et l'autre matériau luminescent (5) sont disposés dans des couches luminescentes différant mu-
tuellement (40 et 50, respectivement), la couche luminescente (40) comprenant le matériau luminescent (4) étant
aménagée entre l'espace de décharge (2) et la couche luminescente (50) comprenant l'autre matériau luminescent
(5).

5. Lampe à décharge au mercure basse pression selon la revendication 4, caractérisée en ce que l'enveloppe (1)
comprend un récipient de décharge (10) qui est fermé de manière étanche au vide et une ampoule externe (11),
ladite ampoule externe (11) entourant le récipient de décharge, ledit récipient de décharge (10) supportant la
couche luminescente (40) comprenant le matériau luminescent (4) sur une surface tournée vers l'intérieur et l'am-
poule externe (11) supportant une couche luminescente (50) comprenant l'autre matériau luminescent (5).
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