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(57) ABSTRACT 

Disclosed are improved photoluminescence wavelength con 
version components and lamps that incorporate such compo 
nents. The photoluminescence wavelength conversion com 
ponent comprises a hollow cylindrical tube having a given 
bore of diameter and an axial length. The relative dimensions 
and shape of the component can affect the radial emission 
pattern of the component and are configured to give a required 
emission pattern (typically omnidirectional). The photolumi 
nescence material can be homogeneously distributed 
throughout the Volume of the component during manufacture 
of the component. An extrusion method can be used to form 
the improved photoluminescence wavelength conversion 
component. Injection molding or casting can also be used to 
form the component. Another possible approach is to manu 
facture the component is by forming a flexible sheet material 
to include the phosphor and/or quantum dots, and then rolling 
the sheet material into the desired shape and dimensions for 
the component. The improved wavelength conversion com 
ponents and lamps that incorporate these components provide 
for improved emission characteristic, while allowing for rela 
tively cost-effective manufacturing costs. A further advan 
tage of components is that their light emission resembles a 
filament of a conventional incandescent light bulb. 
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SOLID-STATE LAMPS UTILIZING 
PHOTOLUMNESCENCE WAVELENGTH 

CONVERSION COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application claims the benefit of U.S. Provi 
sional App. Ser. No. 61/746,986, filed on Dec. 28, 2013 and 
entitled “SOLID-STATE LIGHT EMITTING LAMPSUTI 
LIZING PHOTOLUMINESCENCE WAVELENGTH CON 
VERSION COMPONENTS, which is hereby expressly 
incorporated by reference in its entirety. 

FIELD 

0002 This invention relates to solid-state lamps that uti 
lize photoluminescence wavelength conversion components. 
In particular, although not exclusively, embodiments concern 
photoluminescence wavelength conversion components for 
Solid-state lamps (bulbs) with an omnidirectional emission 
pattern. Moreover, the invention provides methods of manu 
facturing photoluminescence wavelength conversion compo 
nentS. 

BACKGROUND 

0003. White light generating LEDs, “white LEDs, are a 
relatively recent innovation and offer the potential for a whole 
new generation of energy efficient lighting systems to come 
into existence. It is predicted that white LEDs could replace 
filament (incandescent), fluorescent and compact fluorescent 
light sources due to their long operating lifetimes, potentially 
many 100,000 of hours, and their high efficiency in terms of 
low power consumption. It was not until LEDs emitting in the 
blue/ultraviolet part of the electromagnetic spectrum were 
developed that it became practical to develop white light 
sources based on LEDs. As taught, for example in U.S. Pat. 
No. 5,998,925, white LEDs include one or more phosphor 
materials, that is photoluminescence materials, which absorb 
a portion of the radiation emitted by the LED and re-emit 
radiation of a different color (wavelength). Typically, the 
LED die generates blue light and the phosphor(s) absorbs a 
percentage of the blue light and emits yellow light or a com 
bination of green and red light, green and yellow light or 
yellow and red light. The portion of the blue light generated 
by the LED that is not absorbed by the phosphor is combined 
with the light emitted by the phosphor to provide light which 
appears to the human eye as being nearly white in color. 
0004. Due to their long operating life expectancy (>50,000 
hours) and high luminous efficacy (70 lumens per watt and 
higher) high brightness white LEDs are increasingly being 
used to replace conventional fluorescent, compact fluorescent 
and incandescent light sources. 
0005 Typically in white LEDs the phosphor material is 
mixed with a light transmissive material Such as a silicone or 
epoxy material and the mixture applied to the light emitting 
surface of the LED die. It is also known to provide the phos 
phor material as a layer on, or incorporate the phosphor 
material within, an optical component (a photoluminescence 
wavelength conversion component) that is located remote to 
the LED die (typically physically spatially separated from the 
LED die). Such arrangements are termed “remote phosphor 
arrangements. Advantages of a remotely located phosphor 
wavelength conversion component are a reduced likelihood 
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of thermal degradation of the phosphor materials and a more 
consistent color of generated light. 
0006 Traditional incandescent light bulbs are inefficient 
and have lifetime issues. LED-based technology is moving to 
replace traditional bulbs and even CFL (Compact Fluorescent 
Lamp) with a more efficient and longer life lighting solution. 
However the known LED-based lamps have difficulty match 
ing the omnidirectional (evenly in all directions) emission 
characteristics of an incandescent bulb due to the intrinsically 
highly directional light emission characteristics of LEDs. 
0007 FIG. 1 shows a schematic partial sectional view of a 
known LED-based lamp (lightbulb) 10 that utilizes a photo 
luminescence wavelength conversion component. The lamp 
10 comprises a generally conical shaped thermally conduc 
tive body 12 and connector cap 14 mounted to the truncated 
apex of the body 12. The body 12 further comprises a conical 
shaped pedestal 16 extending from the base of the body 12 
and one or more blue light emitting LEDs 18 mounted in 
thermal communication with the truncated apex of the ped 
estal 16. In order to generate white light the lamp 10 further 
comprises a photoluminescence wavelength conversion com 
ponent 20 mounted to the pedestal and configured to enclose 
the LED(s) 18. As indicated in FIG. 1 the wavelength conver 
sion component 20 comprises a spherical hollow shell and 
includes one or more phosphor materials to provide photolu 
minescence wavelength conversion of blue light generated by 
the LED(s). To give a diffuse light emission, and for aesthetic 
considerations, the lamp 10 further comprise a light transmis 
sive envelope 22 which encloses the wavelength conversion 
component 20. 
0008 Whilst the lamp 10 of FIG. 1 has an improved emis 
sion characteristic, the emission characteristic of Such a lamp 
fails to meet required industry standards since it emits too 
much light on axis 24. A further problem with such lamps is 
the relatively high manufacturing cost of the photolumines 
cence wavelength conversion component which is typically 
manufactured by injection molding. The high cost of manu 
facture results from the opening of the component being 
Smaller than the maximum internal size of the component 
requiring use of a collapsible former to enable removal of the 
component from the injection molder. Embodiments of the 
invention at least in-part address the limitation of the known 
LED-based lamps. 

SUMMARY 

0009 Embodiments of the invention concern improved 
photoluminescence wavelength conversion components and 
lamps that incorporate Such components. The improved 
lamps and wavelength conversion components of the embodi 
ments of the invention provide for improved emission char 
acteristic, while allowing for relatively cost-effective manu 
facturing costs. 
0010. According to some embodiments, the photolumi 
nescence wavelength conversion component comprises a hol 
low cylindrical tube having a bore of diameter Ø and an axial 
length L. In one exemplary embodiment, the length of the 
component is approximately four times the bore diameter of 
the component and the aspect ratio of the component in an 
axial direction (ratio of length to bore diameter) is approxi 
mately 4:1. The relative dimensions and shape of the compo 
nent can affect the radial emission pattern of the component 
and are configured to give a required emission pattern (typi 
cally omnidirectional). For an A-19 bulb the bore Ø of the 
component is between about 1 mm and 10 mm. The photo 
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luminescence material can be homogeneously distributed 
throughout the Volume of the component during manufacture 
of the component. The wall thickness of the photolumines 
cence material is typically between 200 um and 2 mm. 
0011 Since the component has a constant cross section it 
can be readily manufactured using an extrusion method. The 
component can be formed using a light transmissive thermo 
plastics (thermosoftening) material such as polycarbonate, 
acrylic or a low temperature glass using a hot extrusion pro 
cess. Alternatively the component can comprise athermoset 
ting or UV curable material Such as a silicone or epoxy 
material and be formed using a cold extrusion method. A 
benefit of extrusion is that it is relatively inexpensive method 
of manufacture. 
0012. In an alternate embodiment, the component can be 
formed by injection molding. Since the component has a 
constant cross section it can be formed using injection mold 
ing without the need to use an expensive collapsible former. 
In other embodiments the component can be formed by cast 
ing. 
0013 Another possible approach is to manufacture the 
component is by forming a flexible sheet material to include 
the phosphor and/or quantum dots, and then rolling the sheet 
material into the desired shape and dimensions for the com 
ponent. The phosphor may be applied as a layer onto the sheet 
material, e.g., by coating, printing, or other Suitable deposi 
tion methods. Alternatively, the phosphor may be incorpo 
rated within the material of the flexible sheet. 
0014. One benefit of photoluminescence components in 
accordance with embodiments of the invention is that as well 
as improving the emission distribution pattern, they can also 
improve overall light emission efficiency. The hollow tubular 
wavelength conversion components described can gives a 
total light emission that is greater than the known wavelength 
conversion components. The increase in emission efficiency 
can result from the component having a high aspect ratio 
which reduces the possibility of re-absorption of light by the 
LED(S) positioned at the opening of the component. 
0015. A further advantage of photoluminescence wave 
length conversion components in accordance with the inven 
tion is that their light emission resembles a filament of a 
conventional incandescent lightbulb. 
0016. In some embodiments, the photoluminescence 
materials comprise phosphors. However, the invention is 
applicable to any type of photoluminescence material. Such as 
either phosphor materials, quantum dots or combinations 
thereof 
0017. In one embodiment, a lamp comprises a generally 
conical shaped thermally conductive body, where the outer 
Surface of the body generally resembles a frustum of a cone. 
If the lamp is intended to replace a conventional incandescent 
A-19 light bulb, the dimensions of the lamp are selected to 
ensure that the device will fit a conventional lighting fixture. 
One or more solid-state light emitters are provided within the 
lamp, e.g., using a gallium nitride-based blue light emitting 
LED operable to generate blue light with a dominant wave 
length of 455 nm-465 nm. The solid-state light emitters can 
be configured such that their principle emission axis is paral 
lel with the axis of the lamp. The lamp further comprises a 
photoluminescence wavelength conversion component that 
includes one or more photoluminescence materials. The pho 
toluminescence wavelength conversion component com 
prises an elongate component having a constant cross section 
and a reflector on the end of the component distal to the LEDs. 
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The reflector operates to reduce or eliminate light emission 
from the end of the component. By reducing or eliminating 
light emission from the end of the component reduces the 
overall emission intensity along the axis of the lamp. 
0018. An alternate embodiment comprises an LED candle 
bulb utilizing a photoluminescence wavelength conversion 
component in accordance the invention. In this embodiment 
the photoluminescence wavelength conversion component 
comprises an elongate tubular component with the photolu 
minescence material incorporated into the material compris 
ing the component and homogeneously distributed through 
out its Volume. 

0019. Another embodiment is directed to a photolumines 
cence wavelength conversion component which comprises a 
tubular component in which the photoluminescence material 
is incorporated into the material comprising the component, 
and where the component is mounted to a hollow light trans 
missive tube and has a length Such that it covers only the end 
portion of the tube distal to the LED(s). In some embodi 
ments, the component can comprise a semi-flexible material 
and the component is slipped over the tube. In certain designs, 
the portion of the tube that is not covered with phosphor (i.e. 
the portion of the tube proximal to the LED(s)) can include a 
light reflective surface to prevent light emission from this 
portion of the tube. 
0020. In another embodiment, a plurality of openings at, 
within, and/or communicating with the interior of the lamp is 
provided to enable airflow through the lamp. In one approach, 
one or more passages within the lamp are in fluid communi 
cation with a plurality of openings between the fins on the 
lamp body. In operation, heat generated by the LEDs heats air 
within the passage which through a process of convection 
causes air to be drawn into and pass through the bulb thereby 
providing passive cooling of the LEDs. 
0021 While certain embodiments pertain to photolumi 
nescence components that comprise a hollow component (i.e. 
the central region or bore does not include a light transmissive 
medium), in other embodiments the component can comprise 
a component having a solid light transmissive core. A com 
ponent with a light transmissive core can further increase 
light emission by eliminating or significantly any air interface 
between the wavelength conversion component and the 
LEDs. This is particularly so for light travelling in a radial 
direction between walls of the component. 
0022. One embodiment of the invention pertains to a pho 
toluminescence wavelength conversion component that com 
prises a Solid cylindrical shaped component composed of a 
cylindrical light transmissive core and an outer coaxial phos 
phor layer. Such a component can be formed by co-extrusion 
of the core and phosphor layers. Alternatively the component 
can be manufactured by fabricating the component and then 
inserting a light transmissive cylindrical rod, such as a glass 
rod, into the bore of the component. In other embodiments the 
component can be fabricated by coating the phosphor mate 
rial onto the outer Surface of a light transmissive rod Such as 
a glass or polycarbonate rod. In some embodiments the com 
ponent is fabricated from a resiliently deformable (semi 
flexible) light transmissive material Such as a silicone mate 
rial. A benefit ofusing a resiliently deformable material is that 
this can assist in insertion of the rod. 

0023. Where the photoluminescence wavelength conver 
sion component comprises a solid component, the reflector 
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can comprise a coating, such as a light reflective paint or 
metallization layer, that is applied directly to the end face of 
the component. 
0024. In an alternate embodiment, the photoluminescence 
wavelength conversion component comprises a cylindrical 
light transmissive component with latitudinally extending 
phosphor regions (strips), e.g., where there are four phosphor 
regions that are equally circumferentially spaced, although it 
will be appreciated that the number, shape and configuration 
of the phosphor regions can be varied within the scope of the 
invention. 

0025. Whilst the invention finds particular application to 
lightbulbs, photoluminescence wavelength conversion com 
ponents of the invention can be utilized in other light emitting 
devices and lighting arrangements. Embodiments of the 
invention can be applied to manufacture an LED reflector 
lamp, such as an MR16 lamp. In this embodiment the photo 
luminescence wavelength conversion component comprises 
has either a hollow or a solid core with a phosphor layer 
covering an end portion distal to the LED(s). Optionally, the 
portion of the core that is not covered with phosphor (i.e. the 
portion of the tube proximal to the LED(s)) can include a light 
reflective surface to prevent light emission from this portion 
of the core. 

0026. Embodiments may also be applied to the manufac 
ture of an LED downlight that utilizes multiple photolumi 
nescence wavelength conversion components in accordance 
with the invention. In this embodiment, some or all of the 
photoluminescence wavelength conversion components 
comprise an elongate hollow (or Solid) tubular component 
with the photoluminescence material incorporated into the 
material comprising the component and homogeneously dis 
tributed throughout its volume. 
0027. The photoluminescence wavelength conversion 
component in Some embodiments comprises a first proximal 
end for receiving light and a reflector on the distal end. In 
alternate embodiments, the photoluminescence wavelength 
conversion component is configured such that each end of the 
component is configured to receive light thereby eliminating 
the need for the reflector. 

0028. In some embodiments, the component is configured 
to have LEDs located at both ends. In this embodiment the 
photoluminescence wavelength conversion component com 
prises an elongate hollow (or Solid) tubular component with 
the photoluminescence material incorporated into the mate 
rial comprising the component and homogeneously distrib 
uted throughout its volume. A first LED(s) are located at a first 
end of the component and a second LED(S) at the opposite 
end of the component. In an alternate embodiment, the com 
ponent comprises a tubular component whose ends are 
looped around Such that both ends share a common plane. 
0029. Yet another embodiment is directed to an LED lin 
ear lamp utilizing multiple photoluminescence wavelength 
conversion components. In this embodiment each photolumi 
nescence wavelength conversion component comprises an 
elongate tubular component with the photoluminescence 
material incorporated into the material comprising the com 
ponent and homogeneously distributed throughout its Vol 
le. 

0030. Further details of aspects, objects, and advantages 
of the invention are described below in the detailed descrip 
tion, drawings and claims. Both the foregoing general 
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description and the following detailed description are exem 
plary and explanatory, and are not intended to be limiting as to 
the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031. In order that the present invention is better under 
stood, LED lamps and photoluminescence components in 
accordance with embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings in which: 
0032 FIG. 1 is a schematic partial sectional view of a 
known LED bulb as previously described; 
0033 FIG. 2 is schematic partial sectional view of an LED 
bulb utilizing a hollow photoluminescence wavelength con 
version component in accordance with an embodiment of the 
invention; 
0034 FIG. 3 is an schematic exploded perspective view of 
the hollow photoluminescence wavelength conversion com 
ponent of FIG. 2; 
0035 FIG. 4 is a schematic partial sectional view of an 
LED candle bulb utilizing a hollow photoluminescence 
wavelength conversion component in accordance with an 
embodiment of the invention; 
0036 FIG. 5 is a schematic partial sectional view of an 
LED bulb utilizing a hollow photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; 
0037 FIG. 6 is a schematic partial sectional view of an 
LED bulb utilizing a hollow photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; 
0038 FIG. 7 is a schematic exploded perspective view of 
a solid photoluminescence wavelength conversion compo 
nent in accordance with an embodiment of the invention; 
0039 FIGS. 8A and 8B respectively show schematic end 
and perspective views of a solid photoluminescence wave 
length conversion component in accordance with an embodi 
ment of the invention; 
0040 FIG. 9 is a schematic partial sectional view of an 
LED bulb utilizing a solid photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; 
0041 FIG. 10 is a schematic partial sectional view of an 
LED reflector lamp utilizing a solid photoluminescence 
wavelength conversion component in accordance with an 
embodiment of the invention; 
0042 FIG. 11 is a schematic partial sectional view of an 
LED downlight utilizing multiple hollow photoluminescence 
wavelength conversion components in accordance with an 
embodiment of the invention; 
0043 FIG. 12 is a schematic partial sectional view of an 
LED bulb utilizing a hollow photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; 
0044 FIG. 13 is a schematic partial sectional view of an 
LED bulb utilizing a solid photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; 
0045 FIG. 14 is a schematic partial sectional view of an 
LED bulb utilizing a hollow photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention; and 
0046 FIG. 15 is a schematic partial sectional view of an 
LED linear lamp utilizing multiple hollow photolumines 
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cence wavelength conversion components in accordance with 
an embodiment of the invention. 

DETAILED DESCRIPTION 

0047 Lamps (light bulbs) are available in a number of 
forms, and are often standardly referenced by a combination 
of letters and numbers. The letter designation of a lamp typi 
cally refers to the particular shape of type of that lamp. Such 
as General Service (A. mushroom), High Wattage General 
Service (PS pear shaped), Decorative (B candle, 
CA twisted candle, BA bent-tip candle, F flame, 
P fancy round, G globe), Reflector (R), Parabolic alumi 
nized reflector (PAR) and Multifaceted reflector (MR). The 
number designation refers to the size of a lamp, often by 
indicating the diameterofalamp in units of eighths of an inch. 
Thus, an A-19 type lamp refers to a general service lamp 
(bulb) whose shape is referred to by the letter “A” and has a 
maximum diameter two and three eights of an inch. As of the 
time of filing of this patent document, the most commonly 
used household “light bulb' is the lamp having the A-19 
envelope, which in the United States is commonly sold with 
an E26 screw base. 
0048. There are various standardization and regulatory 
bodies that provide exact specifications to define criteria 
under which a manufacturer is entitled to label a lighting 
product using these standard reference designations. With 
regard to the physical dimensions of the lamp, ANSI provides 
the specifications (ANSI C78.20-2003) that outline the 
required sizing and shape by which compliance will entitle 
the manufacture to permissibly label the lamp as an A-19 type 
lamp. Besides the physical dimensions of the lamp, there may 
also be additional specifications and standards that refer to 
performance and functionality of the lamp. For example in 
the United States the US Environmental Protection Agency 
(EPA) in conjunction with the US Department of Energy 
(DOE) promulgates performance specifications under which 
a lamp may be designated as an "ENERGY STAR” compliant 
product, e.g. identifying the power usage requirements, mini 
mum light output requirements, luminous intensity distribu 
tion requirements, luminous efficacy requirements and life 
expectancy. 
0049. The problem is that the disparate requirements of 
the different specifications and standards create design con 
straints that are often in tension with one another. For 
example, the A-19 lamp is associated with very specific 
physical sizing and dimension requirements, which is needed 
to make sure A-19 type lamps sold in the marketplace will fit 
into common household lighting fixtures. However, for an 
LED-based replacement lamp to be qualified as an A-19 
replacement by ENERGY STAR, it must demonstrate certain 
performance-related criteria that are difficult to achieve with 
a solid-state lighting product when limited to the form factor 
and size of the A-19 light lamp. 
0050 For example, with regard to the luminous intensity 
distribution criteria in the ENERGY STAR specifications, for 
an LED-based replacement lamp to be qualified as an A-19 
replacement by ENERGY STAR it must demonstrate an even 
(+/-20%) luminous emitted intensity over 270° with a mini 
mum of 5% of the total light emission above 270°. The issue 
is that LED replacement lamps need electronic drive circuitry 
and an adequate heat sink area; in order to fit these compo 
nents into an A-19 form factor, the bottom portion of the lamp 
(envelope) is replaced by a thermally conductive housing that 
acts as a heat sink and houses the driver circuitry needed to 
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convert AC power to low voltage DC power used by the 
LEDs. A problem created by the housing of an LED lamp is 
that it blocks light emission in directions towards the base as 
is required to be ENERGY STAR compliant. As a result many 
LED lamps lose the lower light emitting area of traditional 
bulbs and become directional light sources, emitting most of 
the light out of the top dome (180° pattern) and virtually no 
light downward since it is blocked by the heat sink (body), 
which frustrates the ability of the lamp to comply with the 
luminous intensity distribution criteria in the ENERGY 
STAR specification. 
0051 Currently LED replacement lamps are considered 
too expensive for the general consumer market. Typically an 
A-19, 60W replacement LED lamp costs many times the cost 
of an incandescent bulb or compact fluorescent lamp. The 
high cost is due to the complex and expensive construction 
and components used in these lamps. 
0.052 An LED-based lamp 100 in accordance with 
embodiments of the invention is now described with refer 
ence to FIG. 2 which shows a schematic partial sectional view 
of the lamp. In some embodiments, the lamp 100 is config 
ured for operation with a 1 1 OV (r.m.s.) AC (60 Hz) mains 
power supply as is found in North America and is intended for 
use as an ENERGY STAR compliant replacement for an A-19 
incandescent light bulb. 
0053. The lamp 100 comprises a generally conical shaped 
thermally conductive body 110. The outer surface of the body 
110 generally resembles a frustum of a cone; that is, a cone 
whose apex (vertex) is truncated by a plane that is parallel to 
the base (i.e. substantially frustoconical). The body 110 is 
made of a material with a high thermal conductivity (typically 
>150 Wm K', preferably >200 Wm K') such as for 
example aluminum (s250 Wm K'), an alloy of aluminum, 
a magnesium alloy, a metal loaded plastics material Such as a 
polymer, for example an epoxy. Conveniently the body 110 
can be die cast when it comprises a metal alloy or molded, by 
for example injection molding, when it comprises a metal 
loaded polymer. 
0054) A plurality of latitudinal radially extending heat 
radiating fins (veins) 120 is circumferentially spaced around 
the outer curved surface of the body 110. Since the lamp is 
intended to replace a conventional incandescent A-19 light 
bulb the dimensions of the lamp are selected to ensure that the 
device will fit a conventional lighting fixture. The body 110 
further comprises a conical shaped pedestal portion 130 
extending from the base of the body 110. The body 110 can 
further comprise a coaxial cylindrical cavity (not shown) that 
extends into the body from the truncated apex the body for 
housing rectifier or other driver circuitry for operating the 
lamp. 
0055. The lamp 100 further comprises an E26 connector 
cap (Edison screw lamp base) 140 enabling the lamp to be 
directly connected to a mains power Supply using a standard 
electrical lighting screw Socket. It will be appreciated that 
depending on the intended application other connector caps 
can be used such as, for example, a double contact bayonet 
connector (i.e. B22d or BC) as is commonly used in the 
United Kingdom, Ireland, Australia, New Zealand and vari 
ous parts of the British Commonwealth or an E27 screw base 
(Edison screw lamp base) as used in Europe. The connector 
cap 140 is mounted to the truncated apex of the body 110. 
0056. One or more solid-state light emitter 150 is/are 
mounted on a circular substrate 160. In some embodiments, 
the substrate 160 comprises a circular MCPCB (Metal Core 
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Printed Circuit Board). As is known a MCPCB comprises a 
layered structure composed of a metal core base, typically 
aluminum, a thermally conducting/electrically insulating 
dielectric layer and a copper circuit layer for electrically 
connecting electrical components in a desired circuit configu 
ration. The metal core base of the MCPCB 160 is mounted in 
thermal communication with the upper Surface of the conical 
pedestal 130 with the aid of a thermally conducting com 
pound such as for example a material containing a standard 
heat sink compound containing beryllium oxide or aluminum 
nitride. 

0057 Each solid-state light emitter 150 can comprise a 
gallium nitride-based blue light emitting LED operable to 
generate blue light with a dominant wavelength of 455 
nim-465 nm. As indicated in FIG. 3 the LEDs 150 can be 
configured as a circular array and oriented Such that their 
principle emission axis is parallel with the axis 170 of the 
lamp with light being emitted in a direction away from the 
connector cap 140. A light reflective mask can be provided 
overlaying the MCPCB that includes apertures correspond 
ing to each LED to maximize light emission from the lamp. 
0058. The lamp 100 further comprises a photolumines 
cence wavelength conversion component 180 that includes 
one or more photoluminescence materials. The photolumi 
nescence wavelength conversion component 180 comprises 
an elongate component 190 having a constant cross section 
and a reflector 200 on the end of the component 190 distal to 
the LEDs 150. The reflector 200 has a shape that corresponds 
to the outer shape of the component 190, that is circular in this 
example, thereby reducing or eliminating light emission from 
the end of the component. By reducing or eliminating light 
emission from the end of the component reduces the overall 
emission intensity along the axis 170 of the lamp. 
0059. In some embodiments, the photoluminescence 
materials comprise phosphors. For the purposes of illustra 
tion only, the following description is made with reference to 
photoluminescence materials embodied specifically as phos 
phor materials. However, the invention is applicable to any 
type of photoluminescence material, such as either phosphor 
materials or quantum dots. A quantum dot is a portion of 
matter (e.g. semiconductor) whose excitons are confined in 
all three spatial dimensions that may be excited by radiation 
energy to emit light of a particular wavelength or range of 
wavelengths. 
0060. The one or more phosphor materials can include an 
inorganic or organic phosphor Such as for example silicate 
based phosphor of a general composition A-Si(O.D) or A.Si 
(O.D) in which Si is silicon, O is oxygen, A includes stron 
tium (Sr), barium (Ba), magnesium (Mg) or calcium (Ca) and 
D includes chlorine (Cl), fluorine (F), nitrogen (N) or sulfur 
(S). Examples of silicate-based phosphors are disclosed in 
U.S. Pat. No. 7,575,697 B2 “Silicate-based green phos 
phors’, U.S. Pat. No. 7,601.276 B2 “Two phase silicate-based 
yellow phosphors”, U.S. Pat. No. 7,655,156 B2 “Silicate 
based orange phosphors” and U.S. Pat. No. 7,311,858 B2 
“Silicate-based yellow-green phosphors’. The phosphor can 
also include an aluminate-based material Such as is taught in 
co-pending patent application US2006/0158090 A1 “Novel 
aluminate-based green phosphors’ and patent U.S. Pat. No. 
7.390,437 B2 Aluminate-based blue phosphors’, an alumi 
num-silicate phosphor as taught in co-pending application 
US2008/01 11472 A1 Aluminum-silicate orange-red phos 
phor” or a nitride-based red phosphor material such as is 
taught in co-pending United States patent application 
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US2009/0283721 A1 "Nitride-based red phosphors” and 
International patent application WO2010/074963 A1 
"Nitride-based red-emitting in RGB (red-green-blue) light 
ing systems”. It will be appreciated that the phosphor material 
is not limited to the examples described and can include any 
phosphor material including nitride and/or Sulfate phosphor 
materials, oxy-nitrides and oxy-Sulfate phosphors or garnet 
materials (YAG). 
0061 Quantum dots can comprise different materials, for 
example cadmium selenide (CdSe). The color of light gener 
ated by a quantum dotis enabled by the quantum confinement 
effect associated with the nano-crystal structure of the quan 
tum dots. The energy level of each quantum dot relates 
directly to the size of the quantum dot. For example, the larger 
quantum dots, such as red quantum dots, can absorb and emit 
photons having a relatively lower energy (i.e. a relatively 
longer wavelength). On the other hand, orange quantum dots, 
which are Smaller in size can absorb and emit photons of a 
relatively higher energy (shorter wavelength). Additionally, 
daylight panels are envisioned that use cadmium free quan 
tum dots and rare earth (RE) doped oxide colloidal phosphor 
nano-particles, in order to avoid the toxicity of the cadmium 
in the quantum dots. 
0062) Examples of suitable quantum dots include: 
CdZnSeS (cadmium zinc selenium sulfide), CdZnSe (cad 
mium zinc selenide), CdSe, S (cadmim selenium sulfide). 
CdTe (cadmium telluride), CdTeS (cadmium tellurium 
sulfide), InP (indium phosphide), In,Ga P (indium gallium 
phosphide), InAS (indium arsenide), CuInS (copper indium 
Sulfide), CuInSea (copper indium selenide), CuInSSe 
(copper indium sulfur selenide), CuIn GaS (copper 
indium gallium sulfide), CuIn Ga-Se (copper indium gal 
lium selenide), CuIn Al-Sea (copper indium aluminum 
Selenide), CuGaS (copper gallium sulfide) and 
CuInSZnS (copper indium selenium zinc selenide). 
0063. The quantum dots material can comprise core/shell 
nano-crystals containing different materials in an onion-like 
structure. For example, the above described exemplary mate 
rials can be used as the core materials for the core/shell 
nano-crystals. 
0064. The optical properties of the core nano-crystals in 
one material can be altered by growing an epitaxial-type shell 
of another material. Depending on the requirements, the core/ 
shell nano-crystals can have a single shell or multiple shells. 
The shell materials can be chosen based on the band gap 
engineering. For example, the shell materials can have aband 
gap larger than the core materials so that the shell of the 
nano-crystals can separate the Surface of the optically active 
core from its Surrounding medium. 
0065. In the case of the cadmiun-based quantum dots, e.g. 
CdSe quantum dots, the core/shell quantum dots can be Syn 
thesized using the formula of CdSe/ZnS, CdSe/CdS, CdSe/ 
ZnSe, CdSe/CdS/ZnS, or CdSe/ZnSe/ZnS. Similarly, for 
CuInS quantum dots, the core/shell nanocrystals can be Syn 
thesized using the formula of CulnS/ZnS, CuInS/CdS, 
CuInS/CuGaS, CuInS/CuGaS/ZnS and so on. 
0066. As shown in FIG. 2 the photoluminescence wave 
length conversion component 150 is mounted over the LED 
(s) on top of the pedestal 130 and fully encloses the LED(s) 
150. The lamp 100 can further comprise a light diffusive 
envelope or cover 210 mounted to the base of the body and 
encloses the component 180. The cover 210 can comprise a 
glass or a light transmissive polymer Such as a polycarbonate, 
acrylic, PET or PVC that incorporates or has a layer of light 
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diffusive (scattering) material. Example of light diffusive 
materials include particles of Zinc Oxide (ZnO), titanium 
dioxide (TiO), barium Sulfate (BaSO4), magnesium oxide 
(MgO), silicon dioxide (SiO) or aluminum oxide (AlO4). 
0067 FIG.3 show a schematic exploded perspective view 
of the photoluminescence wavelength conversion component 
180. As shown in FIG. 3 the component 190 can comprise a 
hollow cylindrical tube having a bore of diameter Ø and an 
axial length L. In the exemplary embodiment shown the 
length of the component is approximately four times the bore 
diameter of the component and the aspect ratio of the com 
ponent 180 in an axial direction (ratio of length to bore diam 
eter) is approximately 4:1. The relative dimensions and shape 
of the component can affect the radial emission pattern of the 
component and are configured to give a required emission 
pattern (typically omnidirectional). For an A-19 bulb the bore 
Ø of the component is between about 1 mm and 10 mm. The 
photoluminescence material can be homogeniously distrib 
uted throughout the volume of the component 190 during 
manufacture of the component. The wall thickness of the 
photoluminescence material is typically between 200m and 
2 mm. 
0068. The reflector 200 can comprise a light reflective 
circular disc that is mounted to the end of the component Such 
that covers the end face of the component. Conveniently the 
reflector 200 can comprise an injection molded part com 
posed of a light reflective plastics material. Alternatively the 
reflector can comprise a metallic component or a component 
with a metallization Surface. 

0069. Since the component has a constant cross section it 
can be readily manufactured using an extrusion method. The 
component can be formed using a light transmissive thermo 
plastics (thermosoftening) material such as polycarbonate, 
acrylic or a low temperature glass using a hot extrusion pro 
cess. Alternatively the component can comprise athermoset 
ting or UV curable material Such as a silicone or epoxy 
material and be formed using a cold extrusion method. A 
benefit of extrusion is that it is relatively inexpensive method 
of manufacture. 
0070 Alternatively the component can be formed by 
injection molding though such a method tends to be more 
expensive than extrusion. Since the component has a constant 
cross section it can be formed using injection molding with 
out the need to use an expensive collapsible former. In other 
embodiments the component can be formed by casting. 
0071 Another possible approach is to manufacture the 
component is by forming a flexible sheet material to include 
the phosphor and/or quantum dots, and then rolling the sheet 
material into the desired shape and dimensions for the com 
ponent. The phosphor may be applied as a layer onto the sheet 
material, e.g., by coating, printing, or other Suitable deposi 
tion methods. Alternatively, the phosphor may be incorpo 
rated within the material of the flexible sheet. 
0072. In operation the LEDs 150 generate blue excitation 
light a portion of which excite the photoluminescence mate 
rial within the wavelength conversion component 180 which 
in response generates by a process of photoluminescence 
light of another wavelength (color) typically yellow, yellow/ 
green, orange, red or a combination thereof. The portion of 
blue LED generated light combined with the photolumines 
cence material generated light gives the lamp an emission 
product that is white in color. 
0073. A particular benefit of photoluminescence compo 
nents in accordance with embodiments of the invention is that 
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as well as improving the emission distribution pattern they 
can also improve overall light emission efficiency. For 
example preliminary tests indicate that the hollow tubular 
wavelength conversion components described can gives a 
total light emission that is greater than the known wavelength 
conversion components. It is believed that the increase in 
emission efficiency results from the component having a high 
aspect ratio which it believed reduces the possibility of re 
absorption of light by the LED(s) positioned at the opening of 
the component. 
0074. A further advantage of photoluminescence wave 
length conversion components in accordance with the inven 
tion is that their light emission resembles a filament of a 
conventional incandescent light bulb. 
0075 FIG. 4 is schematic partial sectional view of an LED 
candle bulb utilizing a photoluminescence wavelength con 
version component in accordance the invention. In this 
embodiment the photoluminescence wavelength conversion 
component 180 comprises an elongate tubular component 
with the photoluminescence material incorporated into the 
material comprising the component and homogeneously dis 
tributed throughout its volume. 
0076 FIG. 5 is a schematic partial sectional view of an 
LED bulb utilizing a photoluminescence wavelength conver 
sion component in accordance the invention. In this embodi 
ment the photoluminescence wavelength conversion compo 
nent 180 comprises a tubular component in which the 
photoluminescence material is incorporated into the material 
comprising the component. The component 180 is mounted 
to a hollow light transmissive tube 220 and has a length such 
that it covers only the end portion of the tube 220 distal to the 
LED(s) 150. The component 180 can comprise a semi-flex 
ible material and the component, which comprises a sleeve, 
slipped over the tube 220. Optionally as indicated by heavy 
solid lines 230 the portion of the tube 220 that is not covered 
with phosphor (i.e. the portion of the tube proximal to the 
LED(s)) can include a light reflective surface to prevent light 
emission from this portion of the tube. 
0077 FIG. 6 is a schematic partial sectional view of an 
LED bulb utilizing a photoluminescence wavelength conver 
sion component in accordance with an embodiment of the 
invention. In this embodiment the photoluminescence wave 
length conversion component 180 comprises a tubular com 
ponent in which the photoluminescence material is incorpo 
rated into the material comprising the component. A plurality 
of LEDs 150 is mounted on an annular MCPCB 160 an 
configured as a circular array. A thermally conductive light 
reflective tubular passage 240 is mounted coaxially within the 
component and in thermal communication with the pedestal 
130 and body 110. The light reflective passage 240 passes 
through the reflector 200 which is annular in shape and has a 
circular opening 250 to a surrounding environment. A plural 
ity of openings between the fins 110 are in fluid communica 
tion with the interior of the light reflective passage 240 
enabling air flow through the passage. In operation heat gen 
erated by the LEDs heats air within the passage which 
through a process of convection causes air to be drawn into 
and pass through the bulb thereby providing passive cooling 
of the LEDs. The movement of air by thermal convection is 
indicated by heavy solid arrows 260. 
0078 Whilst the foregoing photoluminescence compo 
nents comprise a hollow component (i.e. the central region or 
bore does not include a light transmissive medium) in other 
embodiments the component can comprise a component hav 
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ing a solid light transmissive core. A component with a light 
transmissive core can further increase light emission by 
eliminating or significantly any air interface between the 
wavelength conversion component 180 and the LEDs 150. 
This is particularly so for light travelling in a radial direction 
between walls of the component. 
0079 FIG. 7 shows a perspective exploded view of a pho 
toluminescence wavelength conversion component in accor 
dance with an embodiment of the invention with a solid core. 
In this embodiment the component comprises a solid cylin 
drical shaped component composed of a cylindrical light 
transmissive core 270 and an outer coaxial phosphor layer 
190. 
0080 Such a component can beformed by co-extrusion of 
the core 270 and phosphor layers 190. Alternatively the com 
ponent can be manufactured by fabricating the component of 
FIG.3 and then inserting a light transmissive cylindrical rod, 
Such as a glass rod, into the bore of the component. In other 
embodiments the component can be fabricated by coating the 
phosphor material onto the outer Surface of a light transmis 
sive rod Such as a glass or polycarbonate rod. In some 
embodiments the component is fabricated from a resiliently 
deformable (semi-flexible) light transmissive material such 
as a silicone material. A benefit of using a resiliently deform 
able material is that this can assist in insertion of the rod. 
0081. Where the component comprises a solid compo 
nent, the reflector 200 can comprise a coating, such as a light 
reflective paint or metallization layer, that is applied directly 
to the end face of the component. 
0082 FIGS. 8A and 8B show schematic perspective and 
end views of a photoluminescence wavelength conversion 
component in accordance with an embodiment of the inven 
tion. As can be seen in the embodiment illustrated in FIGS. 
8A-B the component comprises a cylindrical light transmis 
sive component 270 with latitudinally extending phosphor 
regions (strips) 190. FIGS. 8A and 8B show four phosphor 
regions 190 that are equally circumferentially spaced though 
it will be appreciated that the number, shape and configura 
tion of the phosphor regions can be varied within the scope of 
the invention. 

0083 FIG. 9 is a schematic partial sectional view of an 
LED bulb utilizing a solid photoluminescence wavelength 
conversion component in accordance with an embodiment of 
the invention. In this embodiment the photoluminescence 
wavelength conversion component 180 comprises has a Solid 
core 270 with a phosphor layer 190 covering an end portion 
distal to the LED(s) 150. The phosphor layer 190 can com 
prise a semi-flexible material which is slipped over the core 
270. Optionally as indicated by heavy solid lines 230 the 
portion of the core 270 that is not covered with phosphor (i.e. 
the portion of the tube proximal to the LED(s)) can include a 
light reflective surface to prevent light emission from this 
portion of the core. 
0084. Whilst the invention arose in relation to and finds 
particular application to light bulbs, photoluminescence 
wavelength conversion components of the invention can be 
utilized in other light emitting devices and lighting arrange 
ments such as for example linear lamps. 
0085 FIG. 10 is a schematic partial sectional view of an 
LED reflector lamp, such as an MR16 lamp. In this embodi 
ment the photoluminescence wavelength conversion compo 
nent 180 comprises has a solid core 270 with a phosphor layer 
190 covering an end portion distal to the LED(s) 150. Option 
ally as indicated by heavy solid lines 230 the portion of the 
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core 270 that is not covered with phosphor (i.e. the portion of 
the tube proximal to the LED(s)) can include a light reflective 
Surface to prevent light emission from this portion of the core. 
The light emitting portion of the component is located at or 
near the focal point of a multifaceted reflector 280. 
I0086 FIG. 11 is a schematic partial sectional view of an 
LED downlight utilizing multiple hollow photoluminescence 
wavelength conversion component in accordance with an 
embodiment of the invention. In this embodiment, some orall 
of the photoluminescence wavelength conversion compo 
nents 180 comprise an elongate hollow tubular component 
with the photoluminescence material incorporated into the 
material comprising the component and homogeneously dis 
tributed throughout its volume. 
I0087. In each of foregoing embodiments the components 
comprises a first proximal end for receiving light and a reflec 
tor on the distal end. It is envisioned in further embodiments 
that each end of the component is configured to receive light 
thereby eliminating the need for the reflector. FIG. 12 is a 
schematic partial sectional view of an LED bulb utilizing a 
hollow photoluminescence wavelength conversion compo 
nent having LEDs located at both ends. In this embodiment 
the photoluminescence wavelength conversion component 
180 comprises an elongate hollow tubular component with 
the photoluminescence material incorporated into the mate 
rial comprising the component and homogeneously distrib 
uted throughout its volume. A first LED(s) are located at a first 
end of the component and a second LED(S) at the opposite 
end of the component. 
I0088 FIG. 13 is a schematic partial sectional view of an 
LED bulb utilizing a solid photoluminescence wavelength 
conversion component 180 having LEDs located at both ends. 
In this embodiment the component 180 can comprise the 
solid component of FIG. 7. 
I0089 FIG. 14 is a schematic partial sectional view of an 
LED bulb utilizing a hollow photoluminescence wavelength 
conversion component 180 having LEDs located at both ends. 
In this embodiment the component 180 comprises a tubular 
component whose ends are looped around Such that both ends 
share a common plane. 
0090 FIG. 15 is a schematic partial sectional view of an 
LED linear lamp utilizing multiple hollow photolumines 
cence wavelength conversion components inaccordance with 
an embodiment of the invention. In this embodiment each 
photoluminescence wavelength conversion component 180 
comprises an elongate hollow tubular component with the 
photoluminescence material incorporated into the material 
comprising the component and homogeneously distributed 
throughout its Volume. 
0091. It will be appreciated that the invention is not limited 
to the exemplary embodiments described and that variations 
can be made within the scope of the invention. For example 
whilst in the embodiments described the photoluminescence 
wavelength conversion component has a circular cross sec 
tion, the component can have other cross sections such as 
elliptical, triangular, Square, pentagonal, hexagonal. 
What is claimed is: 
1. A photoluminescence wavelength conversion compo 

nent comprising: 
a light transmissive component having first and second 

ends and a Substantially constant cross section, wherein 
the first end is for receiving light; 

a light reflective surface provided over at least a part of the 
second end; and 

at least one photoluminescence material. 
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2. The component of claim 1, wherein the component is 
elongate. 

3. The component of claim 2, wherein the ratio of the 
length of the component to width is at least two to one. 

4. The component of claim 1, wherein the ratio of the 
length of the component to width is at least four to one. 

5. The component of claim 1, wherein the component has 
a Substantially circular cross section. 

6. The component of claim 1, wherein the light transmis 
sive component comprises a hollow component. 

7. The component of claim 1, wherein the light transmis 
sive component comprises Solid component with a light trans 
missive core. 

8. The component of claim 1, wherein the at least one 
photoluminescence material is incorporated in and homoge 
neously distributed throughout the volume of the component. 

9. The component of claim 1, wherein the at least one 
photoluminescence material is provided as a layer on at least 
a part of the outer Surface of the component. 

10. The component of claim 1, wherein the component is 
manufactured using a process selected from the group con 
sisting of extrusion; injection molding; and casting. 

11. A lamp comprising: 
at least one solid-state light source operable to generate 

excitation light; and 
a photoluminescence wavelength conversion component 

comprising: 
a light transmissive component having first and second 

ends and a substantially constant cross section; 
a light reflective surface provided over at least a part of 

the second end of the component; and 
at least one photoluminescence material; 

wherein the at least one light Source is configured to emit 
excitation light into a first end of the component. 

12. The lamp of claim 11, wherein the component is elon 
gate. 

13. The lamp of claim 12, wherein the ratio of the length of 
the component to width is at least two to one. 

14. The lamp of claim 11, wherein the component has a 
Substantially circular cross section. 
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15. The lamp of claim 11, wherein the light transmissive 
component comprises a hollow component. 

16. The lamp of claim 11, wherein the light transmissive 
component comprises solid component with a light transmis 
sive core. 

17. The lamp of claim 11, wherein the at least one photo 
luminescence material is incorporated in and homogeneously 
distributed throughout the volume of the component. 

18. The lamp of claim 11, wherein the at least one photo 
luminescence material is provided as a layer on at least a part 
of the outer surface of the component. 

19. A lamp comprising: 
a photoluminescence wavelength conversion component 

comprising a light transmissive component having first 
and second ends and a Substantially constant cross Sec 
tion and 

at least one photoluminescence material; 
at least one solid-state light source operable to generate 

excitation light and configured to emit excitation light 
into the first end of the component; and 

at least one solid-state light source operable to generate 
excitation light and configured to emit excitation light 
into the second end of the component. 

20. The lamp of claim 19, wherein the component is elon 
gate. 

21. The lamp of claim 20, wherein the ratio of the length of 
the component to width is at least two to one. 

22. The lamp of claim 19, wherein the component has a 
Substantially circular cross section. 

23. The lamp of claim 19, wherein the light transmissive 
component comprises a hollow component. 

24. The lamp of claim 19, wherein the light transmissive 
component comprises solid component with a light transmis 
sive core. 

25. The lamp of claim 19, wherein the at least one photo 
luminescence material is incorporated in and homogeneously 
distributed throughout the volume of the component. 

26. The lamp of claim 19, wherein the at least one photo 
luminescence material is provided as a layer on at least a part 
of the outer surface of the component. 
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