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LAMP WITH GRADED ABSORPTION COATING

FIELD OF THE INVENTION
The invention describes a lamp with a graded absorption coating, a light-

ing assembly comprising such a lamp, and a method of manufacturing such a lamp.

BACKGROUND OF THE INVENTION

In automotive lighting applications, several different types of lamp can be
used to generate a beam in front lighting applications. For example, filament lamps such
as the H7 lamp are widely used in reflector assemblies that use a reflector to shape the
beam, while discharge lamps such as the D4 lamp are well known for use in projector
headlamps that use a lens as well as a reflector to shape the beam. Filament lamps such
as the H-series lamps generate a mainly white light that may be perceived to be yellowish
in colour. In contrast, the more modern high-intensity discharge (HID) lamps (often
simply referred to as "xenon" lamps) generate a very bright light with a distinct blue hue.
However, an existing filament lamp cannot simply be replaced by a better and more xe-
non lamp, since the reflector for a filament lamp is only approved for those filament lamp
types covered by the UNECE (United Nations Economic Commission for Europe) regu-
lations such as regulation R37. Therefore, some efforts have been invested in altering the
exterior of a conventional lamp to modify its beam properties. For example, a prior art
lamp has been modified to include a coating in a region of the lamp close to the base,
leaving the rest of the lamp surface uncoated. The purpose of the coating is to alter the
colour of the light emitted towards the base of the lamp while leaving the beam unaf-
fected. Other lamps are known in an interference filter is applied to the surface of the
lamp to alter the beam. However, such an interference filter is quite expensive to apply,
since several very thin but very uniform layers in the region of a few tens of nanometres
must be applied in succession.

Therefore, it is an object of the invention to provide a more efficient and
robust way of modifying the light and colour output of a lamp while complying with the

relevant regulation.

SUMMARY OF THE INVENTION
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The object of the invention is achieved by the lamp according to claim 1,
the lighting assembly according to claim 11, and the method of coating a lamp according
to claim 13.

According to the invention, the lamp comprises a glass envelope, and an
axially and/or circumferentially graded absorption coating applied to a surface of the
glass envelope, wherein the graded absorption coating exhibits a smooth transition in a
transition region from a first coated region on the glass envelope to a second coated re-
gion on the glass envelope.

An obvious advantage of the graded absorption coating on the lamp ac-
cording to the invention is that the properties of the beam generated by the lamp can be
altered in such a way that the main beam — formed largely with light exiting the lamp in
the vicinity of the light generating means — is altered only to an extent governed by the
first coated region, while light exiting at an outer region, for example an end-region
close to the base of the lamp, is altered to a different extent governed by the second
coated region, without any sharp distinction or pronounced 'step'. In other words, the
main beam and outer parts of the beam blend into each other in a smooth transition ac-
cording to the smooth transition between the first and second coated regions, unlike the
effect which would be reached if the coating were to comprise a distinct boundary be-
tween the first and second regions. With appropriate choice of material for the graded
coating and with appropriate application of the coating, a basic and relatively cheap au-
tomotive filament lamp can easily be altered to deliver a desired beam performance,
while ensuring that the lamp still satisfies any automotive lighting regulations, thus mak-
ing the lamp according to the invention particularly attractive for the "aftermarket” or
original equipment manufacturer (OEM).

According to the invention, the lighting assembly comprises such a lamp
and a reflector for collecting and shaping any light passing through the graded absorp-
tion coating of the lamp. When the lamp is operational, light generated by the light gene-
rating means of the lamp — for example a filament in a halogen lamp or a discharge arc in
a high-intensity discharge lamp — will be collected by the reflector and shaped into a
beam with a smooth transition between its central and outer regions, as described above.
When the lamp is off, any stray light passing through the lamp will be altered according
to the graded coating and collected by the reflector, so that the appearance of the lamp
in the reflector can be altered even when the lamp is not operational.

According to the invention, the method of manufacturing a lamp compris-

ing a glass envelope enclosing a light generating means comprises the step of applying an
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axially and/or circumferentially graded absorption coating to a surface of the glass
envelope such that the graded absorption coating exhibits a smooth transition in a transi-
tion region from a first coated region to a second coated region.

The dependent claims and the following description disclose particularly
advantageous embodiments and features of the invention. Features of the embodiments
may be combined as appropriate.

The lamp and the lighting assembly according to the invention can be
used in any suitable application. However, such a lamp may be mostly used in an auto-
motive application such as a front beam or fog beam assembly. Therefore, in the follow-
ing, it may be assumed that the lamp and lighting assembly are intended for an automo-
tive application, without however restricting the invention in any way. Furthermore, the
modifications described herein could be carried out on the glass envelope of a filament
lamp such as a H4 or H7 lamp, a 9005 lamp, a 9006 lamp, etc., but may also be carried
out on the outer glass envelope of a gas-discharge lamp such as a D-series lamp, even
though reference is more often made to a filament lamp in the following. Also, an auto-
motive lamp in a reflector-based lighting assembly is generally mounted horizontally in
the reflector, with the tip of the lamp facing 'outward' and the base of the lamp is
mounted in a socket held in the bowl of the reflector. This convention may be assumed
in the following, without however restricting the invention in any way. For an automo-
tive low beam application, one end of the lamp (the tip) is usually covered by an opaque
anti-glare cap, and the other end is attached to a base or socket. The light generating
means or light source, for example the filament of a halogen lamp or the burner of an
HID lamp, is generally positioned such that images of the light source are collected at
the sides of the reflector, which casts these images into a beam profile with a bright/dark
cut-off and a shoulder region, as will be known to the skilled person. Light emitted from
the 'top' and 'bottom' of the lamp, and light escaping towards the base of the lamp, makes
no significant contribution to the beam and may only appear at the 'edges' of the beam.
The region on the glass envelope of the lamp in the 'vicinity' of the light source is there-
fore to be understood to be that region from which the 'useful' light is emitted from the
lamp during operation, while an 'outer region' can refer to any other region on the lamp
envelope through which the 'less useful' light is emitted, for example a region close to the
tip or a region close to the base.

The graded coating can act in various ways on the light that passes
through the coating. For example, it may be desirable to slightly alter the colour of the
light, to slightly alter its path, etc. However, the light emitted by an automotive head-
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lamp must satisfy certain regulations such as the ECE-R37 and ECE-R112 (filament
lamps) or ECE-R98 and ECE-R99 regulations (gas-discharge lamps), which dictate the
tolerances for the light output of filament lamps, the beam shape, and the permissible
colour range of the lamp. Therefore, in a particularly preferred embodiment of the inven-
tion, the first coated region (in the region of the light source of the lamp) and the second
coated region (an end-region of the glass envelope) differ in layer thickness and/or par-
ticle density and/or layer count and/or colour, so that the light that contributes to the
beam can be altered to an extent in keeping with the relevant regulation, while other light
that makes no significant contribution to the beam can be altered to a greater extent.

The main part of the beam generated by a lamp in a lighting assembly
originates from the central part of the lamp in which the light source is positioned.
Again, the light source can be a filament in the case of a filament lamp, or a burner in
which a discharge arc is generated in the case of a gas-discharge lamp. Light leaving the
lamp at one or both ends generally does not make any significant contribution to the
front beam. Therefore, in a particularly preferred embodiment of the invention, the first
coated region is applied in the vicinity of the light generating means of the lamp, and a
second coated region is applied to an outer region of the glass envelope. For example, in
the case of a H7 filament lamp, the first coated region can comprise the region on the
surface of the glass envelope between the anti-glare cap and the lower end of the fila-
ment, effectively including the entire filament, while the second coated region can com-
prise the remainder of the surface of the glass envelope down to the base of the lamp.

Preferably, the emitted light is absorbed only to a certain degree by the
coating, since a high level of light output is usually desired. Particularly in the case of a
lamp used for an automotive application, the light output must satisfy the relevant regu-
lations. Therefore, in a preferred embodiment of the invention, a coated region prefera-
bly absorbs at most 40%, more preferably at most 15%, of the light passing through that
coated region. For example, in one embodiment, the first coated region may absorb on-
ly 15% of the light, since the light emitted in this region essentially entirely contributes to
the front beam, while stray light exiting towards the base of the lamp makes no signifi-
cant contribution to the beam and can therefore be manipulated to a greater extent with-
out any negative impact on beam performance and safety, so that the second coated re-
gion could absorb up to 40% of the light.

The absorption coating can be graded axially and/or circumferentially. An
axially graded coating can comprise a first coated region applied to surround the

envelope towards one end of the lamp, a second coated region applied to surround the
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envelope towards the other end of the lamp (for example towards the base), and a transi-
tion region, around the circumference of the envelope, given for example by an overlap
between the first and second coated regions. A circumferentially graded coating can
comprise first and second coated regions applied along the length of the envelope, with a
transition region also along the length of the envelope, given for example by an overlap
between the first and second coated regions. A circumferentially varying coating can
provide specific light emission qualities for the different regions of the reflector, so that a
front beam with slightly coloured regions can be generated. For example, a yellow
second coated region on the right-hand side of the glass envelope can result in a yello-
wish light below the left-hand side of the bright/dark cut-off for that beam. Evidently, a
graded absorption coating can be axially as well as circumferentially graded, for example
by applying a coating along the length of the glass envelope such that it has a thin region
at one end and a thicker region at the other. Alternatively, a combination of a circumfe-
rentially and an axially graded coating can be applied at an angle, for example by apply-
ing the first and second coating regions at an angle of 20°-30° to the optical axis of the
lamp.

Since the light contributing to the main part of the front beam is prefera-
bly only slightly modified, while the remainder of the light can be modified to a greater
extent, in a further preferred embodiment of the invention the graded absorption coating
has a thickness in the range 200 nm to 500 nm in the first coated region and in the
range 500 nm to 1000 nm in the second coated region. For example, a thin coated region
with 300 nm coating thickness can blend into a 'thickly' coated region with 800 nm coat-
ing thickness over a transition distance of 3 mm, so that this graded coating has a slope
of about 0.167 x 10™. In this way, the slight alteration to the light originating from the
region around the actual light source can ensure that the beam still satisfies the relevant
regulation, while the light exiting the lamp through an end of the envelope can be altered
to a greater extent without detracting from the beam performance. For example, if the
coating acts to alter the colour of the light exiting the lamp, the main beam is only very
slightly affected, while any light exiting the base of the lamp is affected to a greater de-
gree, as will be explained below. The thickness of the coating results in a favourable ro-
bustness, since such a relatively thick layer can easily withstand the high temperatures
reached during operation of the lamp and will not be prone to separate from the glass.

It may be desired to alter the colour of the light emitted by the lamp.
Therefore, in a further preferred embodiment of the invention, the first coated region

comprises an absorption coating with a low density of absorption particles, and the
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second coated region comprises an absorption coating with a high density of absorption
particles. With such a graded coating, the light contributing to the main beam is only
subject to a low level of absorption, with only a slight colour change or no colour
change at all, while the remainder of the light is subject to more absorption. For exam-
ple, the desired effect may be to leave the colour of the main beam essentially un-
changed, and to only modify the colour of the light exiting the lamp near the base. Alter-
natively, it may be desirable to apply coatings with different colour nuances, so that, for
example, one coated region alters the light to give it a first colour nuance, while another
coated region gives that portion of the light a different colour nuance. In this way, a
front beam can be generated having different beam portions with different colour
nuances. These and other effects may be achieved by appropriate choice of the absorp-
tion materials in the first and second coated regions.

Equally, it may be desired to minimise any refraction effect of the coating.
Therefore, in a further preferred embodiment of the invention, a refractive index of the
first coated region and a refractive index of the second coated region differ by at
most 0.2. In this way, the light portions exiting the lamp in the first and second coated
regions are not very differently refracted. For example, the first coated region could
comprise an absorption material with a first refractive index close to 1.0, so that this
layer only slightly refracts the exiting light, and the second coated region could comprise
an absorption material with a second refractive index slightly greater than 1.0, so that the
light is only slightly more refracted when leaving the lamp in this region, and the differ-
ence between the effect on the main part of the beam and the effect on the remainder of
the light is not too pronounced.

As mentioned above, the graded coating can have a first region that is
thinner than the second region. This variation in thickness can be achieved in a number
of ways. For example, in a preferred embodiment of the invention, the number of layers
in the first coated region is less than the number of layers in the second coated region.
This can be achieved, for example, by applying one or more layers essentially to the en-
tire outer surface of the glass envelope. One or more subsequent layers can then be ap-
plied to a lower region of the lamp below the position of the light source, for example
below the filament of a filament lamp. Preferably, to maintain a high robustness at the
high temperatures reached during operation, only one layer is applied to the entire sur-
face and only one subsequent layer is applied in the second region. In this realisation, the
second region comprises only two layers. The material properties of the first layer and its

thickness can be chosen to have a favourably minor effect on the main beam, while the
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material properties of the second layer and its thickness can in turn be chosen to have a
greater, more noticeable effect on the rest of the light. Of course, the layers can be ap-
plied in any order. For instance, the layer(s) of the second coated region could be applied
first, and one or more subsequent layer can than be applied to essentially coat the entire
surface of glass envelope as well as the underlying layers of the second coated region.

For the embodiments mentioned above, the main beam was modified only
slightly, while the light exiting the lamp at the base was modified to a greater extent. Of
course, the functions of the first coated region and second coated region can be re-
versed, i.e. the first coated region can be thicker, can have an additional layer, or can
have a higher density of absorption particles, etc., than the second coated region. Such
an embodiment may be suited for applications in which a pronounced alteration of the
main beam is desired, while only slightly modifying the rest of the light. A further alter-
native embodiment might comprise an axially graded absorption coating with alternating
first and second coated regions, with transition regions between each neighbouring first
and second region, in the manner of 'stripes’ or 'bands' around the glass envelope. In such
an embodiment, the stripes or bands may be correspondingly dimensioned, so that, for
example, four, five or more bands can be applied to the surface of the glass envelope.
With such an embodiment, the lamp can be used in a reflector-based lighting assembly to
provide a very specific beam as regards the 'placement’ of colour nuances in specific
parts of the beam profile.

The graded coating can be applied using any suitable technique, for ex-
ample by sputtering one or more coating layers onto the glass envelope. In a preferred
embodiment of the invention, however, the step of applying the axially and/or circumfe-
rentially graded absorption coating comprises the steps of immersing the glass envelope
in a coating bath of absorption material, partially withdrawing the glass envelope from
the coating bath at a first rate of withdrawal, and completely removing the glass
envelope from the coating bath at a second rate of withdrawal. The thickness of the
coating may depend on several factors, for example the wettability of the liquid coating,
its surface tension and viscosity, and the speed at which the lamp is withdrawn from the
coating bath. The graded absorption coating can comprise a single layer of an absorption
material, while still being thinner in the first coated region than in the second coated re-
gion. Such a realisation can be preferred depending on the material properties of the ab-
sorption coating, since the absence of layer boundaries can favourably prolong the life-
time of the coating. In one embodiment of the method according to the invention, the

graded single coating can be applied by holding the lamp at its base and immersing the
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lamp (tip downwards) in a coating bath and then lifting it from the bath at a first, higher
speed to obtain a relatively thick first coated region, and then decreasing the speed grad-
ually to obtain a transition region with decreasing thickness, and proceeding to raise it
from the bath at a lower speed to obtain a relatively thin second coated region. Evident-
ly, the point at which the speed is decreased can be chosen according to a desired
'boundary' between first and second coated regions, and the speed can be adjusted to
obtain a uniform gradient over this boundary. Alternatively, beyond a certain point, for
example below the position of the light source, the speed can be progressively decreased
to obtain a gradually increasing thickness over the entire second coated region. Such
techniques are straightforward and result in a favourable homogenous absorption coat-
ing. Clearly, different layers of absorption material can be achieved by successively dip-
ping the lamp into baths of different materials.

A circumferentially graded coating, in which a first coated region runs the
length of the glass envelope, may be preferred for some lighting applications. Therefore,
in a further preferred embodiment of the invention, the step of applying the graded ab-
sorption coating comprises the steps of applying the coating essentially to the entire sur-
face of the envelope in a desired thickness for the second coated region, and removing a
portion of the coating in an area corresponding to the first coated region such that only a
thin layer of the absorption coating remains in that area. For example, the glass envelope
can be drawn out of the bath (at uniform speed for an even coating all round; or at vary-
ing speeds for an additional axial gradient) and the coating can then be partially removed
from the first coated region by passing a suitable scraper or other tool over this region to
leave a relatively thin first coated region and a thicker second coated region. Alternative-
ly, a jet of air can be directed at an area of the still liquid coating to 'push’ the coating
outward from that area, leaving a thinner layer corresponding to a first coated region. Of
course, any other appropriate technique could be applied to obtain the desired distribu-
tion of the coating in the first and second regions.

The different realisations of the first and second coatings can be realised
in desired combination regarding layer thickness, particle density, layer count, colour,
etc. For example, a first coating having a single layer with a certain layer thickness and a
certain particle density can be combined with a second coating comprising one layer with
a certain colour nuance and a further layer with a certain density of absorptive particles.
Evidently, any number of possible combinations can be realized. Any suitable material
can be used for the different regions of the coating, for example a transparent lustre

coating or a lustre coating with a pronounced colour or a colour nuance.
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As mentioned in the introduction, vehicles equipped with conventional
lighting assemblies for filament lamps cannot simply be 'upgraded' to use to the newer
type of lamps, considered by many to be desirable, for technical reasons. Light emitted
by a "xenon" headlamp is characteristically blue in colour. In contrast, light emitted by a
filament lamp is yellowish-white. Therefore, in a preferred embodiment of the invention,
the material of the graded absorption coating is chosen to raise the colour temperature of
the lamp by about 100K — 2500K compared to an uncoated lamp. To this end, in a pre-
ferred embodiment of the invention, the material of the graded absorption coating com-
prises an essentially blue-coloured material such as cobalt aluminate (CoAl,O,4). Other
materials may also be equally suitable, for example bismuth vanadium oxide (BiVO,),
ferric oxide (Fe,03) and a metal oxide lustre coating, etc.

The width of the transition region between the first coated region and the
second coated region is preferably chosen to provide a smooth transition between the
altered parts of the light emitted from the lamp. For example, for a H7 lamp, the transi-
tion between a thin first coated region and a thicker second coated region can be about 4
mm, commencing at a point at which the filament ends and progressing in the direction
of the lamp base. In another example, the transition between a first coating having a low
density of absorption particles and a second coating having a high density of absorption
particles can also extend over a band with a certain width, within which the two mate-
rials are mixed with the first material being phased out and the second material being
phased in.

Since most candidate replacement lamps are H7 lamps, a preferred embo-
diment of the lighting assembly according to the invention comprises a H7 filament lamp
in a suitable reflector, and the graded absorption coating is applied over the entire sur-
face of the glass envelope of the lamp such that the first coated region is applied in the
region of the filament, and the second coated region is applied to an end-region of the
glass envelope below the filament.

By altering the exterior of the lamp as described above, a conventional
lamp can, with relatively little effort, be altered to provide a beam with one or more spe-
cifically modified regions, or to appear as a more expensive "xenon" lamp, whether or
not the lamp is in its operational state. For example, the first coated region can be cho-
sen and applied to move the colour point of the beam towards the blue region during
operation of the lamp, i.e. to slightly increase the colour temperature of the beam but
without altering the beam profile. A second coated region can be designed to give a yel-

low nuance to the predominantly white light exiting the lamp to one side of a lower re-
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gion, causing the corresponding region in the front beam (close to the vehicle and below
the cut-off) to take on a yellowish cast. A second coated region can be designed to
change the light exiting the lamp in the lower region into a noticeably blueish white light,
which does not contribute to the beam, but which gives the visual impression of "blue-
ness", when looking into such the lighting assembly Any traffic participant looking into

such an assembly may be given the impression that the lamp is a xenon lamp.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic representation of a prior art filament lamp for an
automotive application;

Fig. 2 shows a schematic representation of the filament lamp of Fig. 1
with an axially graded absorption coating according to the inven-
tion;

Fig. 3 shows a gradient profile for the graded absorption coating of
Fig. 2;

Fig. 4 shows a lighting assembly according to an embodiment of the in-
vention;

Fig. 5 shows a schematic representation of the filament lamp of Fig. 1,
with a first circumferentially graded absorption coating according to
the invention;

Fig. 6 shows a schematic representation of the filament lamp of Fig. 1,
with a second circumferentially graded absorption coating accord-
ing to the invention;

Fig. 7 shows a schematic representation of the filament lamp of Fig. 1,
with a third circumferentially graded absorption coating according

to the invention.

In the drawings, like numbers refer to like objects throughout. Objects in

the diagrams are not necessarily drawn to scale.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig 1 shows a schematic representation of a H7 filament lamp 3 with a
quartz glass envelope 10 and a filament 11 supported by two electrodes 12, 13. A quartz
glass bead 14 secures the electrode legs within the envelope 10, which is sealed by pinch
and mounted onto a base or socket 16. An opaque cap 15 is attached to the tip of the
lamp 3 to reduce glare produced by the lamp 3 when used in an automotive headlamp.
The light produced by this type of lamp 3 is mainly white and may have a yellowish
tinge.

Fig. 2 shows a schematic representation of a H7 filament lamp 1A of the
type shown in Fig. 1 with an axially graded absorption coating 2A applied to the outer
surface of the envelope 10 to essentially entirely cover the outer surface of the glass

envelope 10. The diagram shows a first coated region 21A and a second coated re-
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gion 2A2 with a transition region 23 A between the first and second coated re-

gions 21A, 22A. In this embodiment, the transition region 23A is about 4 mm in width.
For a coating thickness of 200 nm in the first coated region 21A and a coating thickness
of 1000 nm in the second coated region 22A, the slope of the gradient in the transition
region 23A 1s 0.2 x 10°.

Fig. 3 shows a gradient profile P, for an axially graded absorption coating
such as that described in Fig. 2, commencing at the end of the anti-glare cap 15 and pro-
gressing to the base 16 (indicated on the X axis). The coating in the first region 21A
results in a low level of absorption ay, (shown on the Y axis) of at most 15% of the light
being absorbed as it passes through the envelope in that region. If a material such as co-
balt (II) aluminate is used in this region, the front beam can be given a slight blue tint,
i.e. the colour temperature of the light can be increased. The first coated region is fol-
lowed by a transition region 23A in which the properties of the first and second re-
gions 21A, 22A are effectively blended (the slope of the absorption gradient should not
be confused with the slope of the graded coating in the transition region). In the second
coated region 22A, the light is absorbed to a greater degree ay;, in this example by
about 30%. The different levels of absorption in the first and second coated re-
gions 21A, 22A can be obtained by different layer thicknesses, different absorption par-
ticle densities, etc. The choice of cobalt (II) aluminate for the second coated region can
result in a marked blue colour of the light leaving the lamp close to the lamp base, which
light does not contribute to the main beam when used in a lighting assembly 4 according
to an embodiment of the invention as shown in Fig. 4. Here, the lamp 1A is mounted in a
reflector 40 shaped to collect images of the light source 11 exiting the lamp 1A through
the first coated area 21A and shape a beam 41 using these images. The coating itself is
not shown for the sake of simplicity. The remainder of the light leaving the lamp 1A to-
wards the base of the lamp 1A, for example through the transition region 23A and the
second coated area 22A, does not contribute to the beam 41. According to the inven-
tion, this light is given a pronounced blue colour and therefore gives the appearance of a
xenon lighting assembly to anyone looking into the reflector, even though the lighting
assembly only features a conventional H7 lamp.

Fig. 5 shows a schematic representation of another lamp 1B with a first
type of circumferentially graded absorption coating 2B and a gradient profile Py (shown
on its side for the sake of clarity). Here, a first coated region 21B is applied along the
length of the glass envelope 10, and a second coated region 22B is applied to the re-

mainder of the envelope 10. In this embodiment, the first coated region 21B provides a
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thin strip of coating through which the light can pass largely unaffected or only slightly
modified, with a corresponding low level of absorption ay,, and the second coated re-
gion 22B can alter the light in that region to a greater extent and a greater level of ab-
sorption ay;, for example by changing its colour, depending on the application for which
the lamp is to be used. A transition region 23B ensures a smooth transition between the
light portions emitted from the first and second coated regions 21B, 22B.

Fig. 6 shows a schematic representation of another lamp type 1C with a
second type of circumferentially graded absorption coating 2C and a gradient profile Pc
(also shown on its side for the sake of clarity), in which the coating 22C is applied at a
slant to the lamp 1C. Here, a thinner first coated region 21" with a corresponding low
level of absorption ay, is applied to one side of the tip of the glass envelope 10, and a
second coated region 22C and a greater level of absorption ay; is applied to the remaind-
er of the envelope 10 including the outer regions 17. A transition region 23C ensures a
smooth transition between the light portions emitted from the first and second coated
regions 21C, 22C.

For a lamp with a graded coating applied so that the first coated region
has a greater effect than the second coated region, the gradient profile could show a cen-
tral region with a higher level of absorption than the outer regions, for example if a more
absorptive coating is applied in the region of the filament, while a less absorptive coating
is applied in the tip and base regions. Such a lamp 1D is shown in Fig. 7, with a graded
coating 2D according to the invention, this time with a more absorptive first coated re-
gion 21D in the centre of the lamp 1D, and two less absorptive second coated re-
gions 22D, one on either side of the first coated region 21D. These first and second
coated regions 21D, 22D lie on cither side of two transition regions 23D. The corres-
ponding gradient profile Py, is shown beneath the lamp 1D, and indicates a higher ab-
sorption level ay; in the first coated region 21D, and lower levels of absorption a, in the
outer coated regions 22D.

For a realisation in which a more absorptive coating is applied between
the tip and into the filament region, with a less absorptive coating only in the base re-
gion, the gradient profile would essentially be a mirror image of the gradient profile
shown in Fig. 3.

Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of

the invention. For example, although a filament lamp was described in the above, the
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graded absorption coating can equally well be applied to the outer envelope of a gas-

discharge lamp such as a D1 - D4 lamp in order to obtain a specific beam performance

or lamp appearance.

For the sake of clarity, it is to be understood that the use of "a" or "an"
throughout this application does not exclude a plurality, and "comprising” does not ex-

clude other steps or elements
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CLAIMS:

1. A lamp (1A, 1B, 1C, 1D) comprising a glass envelope (10) enclosing a
light generating means (11), and an axially and/or circumferentially graded absorption
coating (2A, 2B, 2C, 2D) applied to a surface of the glass envelope (10), wherein the
graded absorption coating (2A, 2B, 2C, 2D) exhibits a smooth transition in a transition
region (23A, 23B, 23C, 23D) from a first coated region (21A, 21B, 21C, 21D) on the
glass envelope (10) to a second coated region (22A, 22B, 22C, 22D) on the glass
envelope (10).

2. A lamp according to claim 1, wherein the first coated re-
gion (21A, 21B, 21C, 21D) and the second coated region (22A, 22B, 22C, 22D) differ

in layer thickness and/or particle density and/or layer count and/or colour.

3. A lamp according to claim 1 or claim 2, wherein the graded absorption
coating (2A, 2B, 2C, 2D) has a thickness in the range 200 nm to 500 nm in the first
coated region (21A, 21B, 21C, 21D) and in the range 500 nm to 1000 nm in the second
coated region (22A, 22B, 22C, 22D).

4. A lamp according to any of the preceding claims, wherein the first coated
region (21A, 21B, 21C, 21D) comprises an absorption coating with low particle density
and the second coated region (22A, 22B, 22C, 22D) comprises an absorption coating
with high particle density.

5. A lamp according to any of the preceding claims, wherein the number of
layers in the first coated region (21A, 21B, 21C, 21D) is less than the number of layers
in the second coated region (22A, 22B, 22C, 22D).

6. A lamp according to any of the preceding claims, wherein a refractive
index of the first coated region (21A, 21B, 21C, 21D) and a refractive index of the
second coated region (22A, 22B, 22C, 22D) differ by at most 0.2.

7. A lamp according to any of claims 1 to 6, wherein the graded absorption

coating (2A, 2B, 2C, 2D) comprises a single layer of an absorption material.
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8. A lamp according to any of the preceding claims, wherein the first coated
region (21A, 21B, 21C, 21D) is applied in the vicinity of the light generating means (11)
of the lamp (1A, 1B, 1C, 1D), and a second coated region (22A, 22BB, 22C, 22D) is
applied to an outer region (17) of the glass envelope (10).

9. A lamp according to any of the preceding claims, wherein the material of
the graded absorption coating (2A, 2B, 2C, 2D) is chosen to raise the colour tempera-
ture of the lamp (1A, 1B, 1C, 1D) by at least 100K compared to an uncoated state of the

lamp.

10. A lamp according to any of the preceding claims, wherein the graded ab-
sorption coating (2A, 2B, 2C, 2D) essentially entirely covers the surface of the glass
envelope (10).

11. A lighting assembly (4) comprising a lamp (1A, 1B, 1C, 1D) according to
any of claims 1 to 10 and a reflector (40) for collecting and shaping any light passing
through the graded absorption coating (2A, 2B, 2C, 2D) of the lamp (1A, 1B, 1C, 1D).

12. A lighting assembly according to claim 11, wherein the lamp (1A) com-
prises a H7 lamp (1A) with a light generating means (11) comprises a filament (11), and
the graded absorption coating (2A) is applied over the entire surface of the glass
envelope (10) of the lamp (1A) such that the first coated region (21A) is applied in the
region of the filament (11), and the second coated region (22A) is applied to an outer
region (17) of the glass envelope (10) below the filament (11).

13. A method of manufacturing a lamp (1A, 1B, 1C, 1D) comprising a glass
envelope (10) enclosing a light generating means (11), which method comprises applying
an axially and/or circumferentially graded absorption coating (2A, 2B, 2C, 2D) to a sur-
face of the glass envelope (10) such that the graded absorption coating (2A, 2B, 2C, 2D)
exhibits a smooth transition in a transition region (23A, 23B, 23C, 23D) from a first
coated region (21A, 21B, 21C, 21D) to a second coated region (22A, 22B, 22C, 22D).
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14. A method according to claim 13, wherein the step of applying the axially
and/or circumferentially graded absorption coating (2A, 2B, 2C, 2D) comprises the steps
of

- immersing the glass envelope (10) in a coating bath;

- partially withdrawing the glass envelope (10) from the coating bath at a

first rate of withdrawal;

- and completely removing the glass envelope (10) from the coating bath at

a second rate of withdrawal

whereby the first rate of withdrawal is gradually adjusted until the second

rate of withdrawal 1s reached.

15. A method according to claim 13 or claim 14, wherein the step of applying
the axially and/or circumferentially graded absorption coating (2A, 2B, 2C, 2D) com-
prises the steps of

- applying the coating (2A, 2B, 2C, 2D) essentially to the entire surface of
the envelope (10);

- and removing a portion of the coating (2A, 2B, 2C, 2D) in an area cot-
responding to the first coated region (21A, 21B, 21C, 21D) such that a thin layer of the
absorption coating (2A, 2B, 2C, 2D) remains in that area.
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