GAS COOLED LIGHT EMITTING DIODES FIELD OF INVENTION 5The invention relates to gas
cooled light emitting diodes (LEDs). BACKGROUND Light emitting diode (LED) lighting sources
provide light in many settings. LED

10lightingsourcesarerelativelyefficient,lon -Iastiggfost-eﬁective and environmentally friendly. The

performance of LED lighting so%ﬁf%gg dd dgl%mﬁ@%rpmﬁ%mperature of the operating

environment. Overloading an LED lighting source in 15 high ambient temperatures can result in
overhea\tingg.?gkiﬁqﬁj&‘ﬂa}/i‘}i@%g\I &ﬁvice failure. Adequate heat dissipation is required to prolong the life
span of LED lighting sources. In particular, the LED has to maintain its diode junction temperature
within the 20 rated range to maximize efficiency, longevity, and reliability. Constant operation at high

junctions temperaturgs gRRIeSY idRtess light @ididtght-ashagaiddesspamdylost LEDs manufacturers
claim their light output and other performance data on the basis of the junction temperature of 25C.

These performance data are derived from tests that are done within micro seconds after lighting up.
Light outputtsieCiéasd3WisP5operation time increases and temperature increases. An important
design aspect of LED lighting is towards heat dissipation. Currently, the most common method of heat
dissipation involves the use of heat sinks that are usually made of metals with good thermal
conductivity charatt@hkRREinghdinds: (ER dghiae 1 e ALY light & comty SEEtweéf the LED array
and thtOhealigitikg Howenes canking fayahiesy sinkaeay nobkedmsting junativretiertperaturedof LEDS
c[osg to. the éﬂ\sﬁgr%ﬁeﬁéﬁr m&% i_med life span of 100,000 hqurs. This is because thg rate of heqt
dissipation does not corrgspon ith the rate of temperature rise of the LED (e.g. during a surge in
supply voltage). When dust is collected and trapped 35in between the heat sinks' fins, the heat transfer

rate deteriorates furthehefépeimadher light autiminabe tifespanrgalithteb&lds 2n théERSEAN also be
cooled by Ii(i]uids. T{Lere”%%'i S condugt heat away fr(t)npthe seggicondttc%ﬁljillm tion to the surface of the
a

LED enclostre. %?/r%onvectlor? R rger&%eerw):}“’opheeﬁe APHTELIRLL & e%hn'(rﬂ%ssuorlér%%ﬁnbe
dissipdﬁed W@Ed@@ﬁﬂﬂ%@ﬁmﬁwmimaeréﬁ%bﬂts&bﬁt@mmmheamamtymﬁﬁwﬂds cause
delays in Segiabhshine:a A0 MeERs iRt paeRtd w@@%f?aw@t@In@%&)sﬁc%ﬁt;_v@b/ﬁ&m&en the

heated liquids may release occluded gases, hindering effective convection. A need therefore
exists to proviiE&gas cooled light emitting diode (LED) that seeks to address at least one of the
abovementioned problems. '

in particuiar, the LED has to maintain iis diode junction temperature within the

20  rated range io maximize efficiency, longevity, and reliability. Constant operation at
high junction {emperatures can result in less light output and a shorter life span. Most

LEDs manufacturers claim their light output and other performance data on the basis

of the junction temperature of 25°C. These performance data are derived from tests

that are done within micro seconds after lighting up. Light output decreases as

25  operation time increases and temperature increases.

An important design aspect of LED lighting is towards heat dissipation.

Currently, the most common method of heat dissipation involves the use of heat

sinks that are usually made of metals with good thermal conductivity characteristics.

30 Heat is dissipated by means of surface contact between the LED array and the heat

sink. However, cooling by heat sinks may not keep the junction temperature of LEDs

close 1o the rated 25 °C for the claimed Ife span of 100,000 hours. This is because

the rate of heat dissipation does not correspond with the rate of temperature rise of

the LED (e.g. during a surge in supply voltage). When dust is collected and trapped

35  in between the heat sinks’ fins, the heat transfer rate deteriorates further, affecting
the light output and lifespan of the LED.



10 SUMMARY According to an aspect of the present invention, there is provided a light emitting
diode (LED) lighting source, comprising: an LED spurce; and an enclosure 15 surrounding the LED
source; wherein a gas or gas mixture is filled within the enclosure such that the gas or gas mixture
acts as a medium for heat transfer away from the LED source; and wherein the gas or gas mixture is

chosen to provideHASireR 8500 e AeH S lifdaP e dipHuFE U Part FIFRIFOPD TR heat may
be transferreshifaomdingdrEfratiorcedo the swrface affthaenckBurnbysgsvestiapourtast. The

material o g, ociashie meydae s i fadialedhs ansaission L il and s fgpsfer of heat

from the surface of the €nclosure to the aﬁélent Ssurroundings by radiz e surtace of the
enclosure nTVESRIpHSIYISERTHRCBEY GingSPaTifa reshapnrally afdismiBmeausfoRaaYariiveight of less

than 3Q5.3. estabf$18rgas ngasiBidune i ashrveHR eombinaddhrunalisenductivifyret npgre than 0.14
W/g/C. 3 ngalﬁlai .sayrce ma%/ m IC_%ED semi.c%nducto st{ucture. . The LED lighting source

may further compn!s Y5 Tt gg%&%r?g%%) gf?%ﬁ?’tﬂ'é‘ %Bgﬁﬁ ﬁﬁévgocl?@ée?g%e mains supply. 5

The LED lighting source may further comprise a stem for mounting the LED source within the

enclosure. ARG SRR COINIESS MGG&&B\%%%]@& MRS aRREqEBISRAlitrogen
10and Helium. BRIEF DESCRIPTION OF THE DRAWINGS 15Example embodiments of the invention

will be bette?ai3&PAGBESHE I8aiR G APErRRBYERE BHBIRHRISPSIFIN the art from the following

writterf @escription, by way of example only, and in conjunction with the drawings, in which:
Figure 1 is &pghgiaatic diagram illustrating the structure of an LED light 20source, according to an
embodiment of the present invention.

According to an aspect of the present invention, there is provided a light

emitting diode (LED) lighting source, comprising: an LED source; and an enclosure

15 surrounding the LED source; wherein a gas or gas mixture is filled within the
enclosure such that the gas or gas mixiure acts as a medium for heat transfer away

from the LED source; and wherein the gas or gas mixture is chosen to provide an

increased heat transfer from the LED source compared to air.

20 The heat may be transferred from the LED source to the surface of the

enclosure by convection current.
The material of the enclosure may be chosen to facilitate the transmission of
ight and the transfer of heat from the surface of the enclosure to the ambient
25 surroundings by radiation.

The surface of the enclosure may comprise glass.

The gas or gas mixture may have a combined molecular weight of less than
30 53

The gas or gas mixture may have a combined thermal conductivity of more
than 0.14 W/g/°C.

35 The enclosure may facilitate the funneling of the gas or gas mixture towards
the LED source.



Figure 2 is a schematic illustrating the formation of convection currents within an enclosure of an LED
light source, according to an embodiment of the present invention. 25 Figure 3 is a schematic
illustrating the temperature distribution within an LED light source, according to an embodiment of the
present invention. 30 DETAILED DESCRIPTION Embodiments of the present invention seek to
cool light emitting ditERP SR REHERY SBUPEES 36-B5 RETHEASHEIGHEISiiEqy efficiency, longer life
span and therefore provide cost benefits. Consequently, disadvantages associated with solid 35heat
sinks and liquid caglin stems can be avoided.. 4 In an example.embodiment of the present
venton, an LED ke LT e tos B e SR T G G R B an artigh
enclosure. TirelaPtightien sogard ¢sifitdapivgsappbire gas or a mixture of gases. The gas or mixture of
gases gct as a medium to transfer heat from the LED source to the surface of the 5enclosure by
gaseous convectiQn. Heat from the surface of the enclosure is subsequently dissipated through
radiation or conve%' n@%“m’%gm&’aﬁﬁay ¥UWFGCHW-FI18%&§E% t @%rt%ﬁi res of
non-reactivegeise svaine prefenasoe cooling LEDs. The gas or gas mixture is preferably non-corrosive
and 10 does not react with the LED and the components within the enclosure. Further, the gas or gas
mixture is preferably stable under heat and electric flow. Reactive and corrosive gases such as
Oxygen, Halogens! T &GRSR/ ERBEAIRS HY HAEBRETE E1a SRSIAPHEE SHRUBRMBIO DIFRPEE Ds.
15Gages hayei tedaitively low molecular weights and are very mobile (compared to solids or liquids).
For example, Hydrogen molecules move at a speed of 1840 m/s at 0 C and 1930 m/s at 100 C. Gases
with relatively heavier molecular weights are more sluggish compared with lighter ones. For example,
the relatively heavier molecules of Air move at a slower speed of 484.3 m/s. Thus, Hydrogen
molecules Bkraovprbomdtinrsdasteithar Ayimalgcules even without convection. Accordingly,
gases with low molecular weights can carry away / transfer and dissipate heat relatively faster than
solids and liquids and therefore gases are preferred in example embodiments. More preferably, the
gas origas mixturehzachpserntbodaverdsntd ieulayansightikdzethetteh. i@ stood miath rerdityple

em_bOdime”&gﬁ&éﬁt%&%@&%ﬁé‘?ﬁs&ﬁf/ﬂw%é%Wﬁ%@%‘(ﬂﬂ%@ﬁ;ﬂt&@ AL Sop Mg (molecular
weight of 28.03). Accordingly, the molecular weight of the gas mixture is [(0.95 x 4.02) + (0.05 x

28.03)] = 5.98Y 36in SKIMHRT eAplE e GasCOBHBIERSS 16830 H19H (ARSI Wetdit of 2.01).

This is in contrast to conventional light bulbs, wherein the bulb is filled with a gas/gas mixture having a

lativelv | iah . L i ion |
\r;it?] ilr\:?hi "E‘JLQISraf:?t?g‘iygjﬁ‘é\{g't%n&géig‘?g&?@%&&%%ﬁ%g%%%@'%ées?%ﬁﬂg igp 4nd ganygiion losses
20  source, according to an embodiment of the present invention.

Figure 2 is a schematic illustrating the formation of convection currents within
an enclosure of an LED light source, according to an embodiment of the present
invention.

25
Figure 3 is a schematic illustrating the temperature distribution within an LED

light source, according to an embodiment of the present invention.

30 DETAILED DESCRIPTION

Embodiments of the present invention seek to cool light emitting diode (LED)
fighting sources so as to promote higher energy efficiency, longer life span and
therefore provide cost benefits. Consequently, disadvantages associated with solid

35  heat sinks and liguid cooling systems can be avoided.



filament vaporization. 5 Gas Formula Molecular weight Specific gravity (g/ f )Jat STP Thermal
conductivity (k) (W/g/C) Cv=Specific Heatat Constant Volume Helium He 4.02 0176 0.1513 0.7463

Neon
In an example embodiment of the present invention, an LED source, here in
the form of an LED semiconductor structure, is placed in an air-tight enclosure. The
air-tight enclosure is filled with a pure gas or a mixture of gases. The gas or mixture
of gases act as a medium o transfer heat from the LED source {0 the surface of the
5 enclosure by gaseous convection. Heat from the surface of the enclosure is

subsequently dissipated through radiation or convection with the ambient air.

Pure non-reactive (inert) gases or mixtures of non-reactive gases are

preferred for cooling LEDs. The gas or gas mixiure is preferably non-corrosive and

10 does not react with the LED and the components within the enclosure. Further, the
gas or gas mixture is preferably stable under heat and electric flow. Reactive and

corrosive gases such as Oxygen, Hailogens, Freons, Hydrocarbons and Refrigerants
are not suitable for cooling LEDs.

18 Gases have relatively low molecular weights and are very mobile {compared
to solids or liquids). For example, Hydrogen molecules move at a speed of 1840 m/s
at 0 °C and 1930 m/s at 100 °C. Gases with relatively heavier molecular weights are
more sluggish compared with lighter ones. For example, the relatively heavier
molecules of Air move at a slower speed of 484.3 m/s. Thus, Hydrogen molecules

20  move about 4 times faster than Air molecules even without convection. Accordingly,
gases with low molecular weights can carry away / transfer and dissipate heat
relatively faster than solids and liguids and therefore gases are preferred in example
embodiments. More preferably, the gas or gas mixture is chosen to have a molecular
weight fess than 5.3.

25
in an example embodiment, a gas mixture comprises 95% of He (molecular
weight of 4.02) and 5% of N, {molecular weight of 28.03). Accordingly, the molecular
weight of the gas mixture is [{0.95 x 4.02) + (0.05 x 28.03)] = 5.221
30 in another example, the gas comprises 100% of H: (molecular weight of

2.01).

This is in contrast to conventional light bulbs, wherein the bulb is filled with a

gas/gas mixture having a relatively larger molecular weight {(e.g. argon) so as {o

35  minimize conduction and convection losses within the bulb and to reduce tungsten
filament vaporization.



Ne 20.18 0.899 0.0491 0.1487 Argon Ar, 39.95 1.782 0.01772 0.0250 Krypton Kr 83.80 3.75 0.00943
0.0119 Xenon Xe 131.01 5.761 0.00565 5

Gas Formula | Molecular | Specific | Thermal Cv=8pecific
weight gravity conductivity @ Heat at
(g/f) at| (k) Constant
STP (Wig/°C) Volume
Helium He 4.02 0.176 0.1513 0.7463
Neon Ne 20.18 0.899 0.0491 0.1487
Argon Ar 39.95 1.782 0.01772 0.0250
Krypton Kr 83.80 3.75 0.00943 0.0119
Xenon Xe 131.01 5.761 0.00565 0.0229
Radon Rn 222.00 9.730 0.00361 0.0135
Hydrogen | H; 2.01 0.088 0.1805 2.4876
Nitrogen | N» 28.03 1.165 0.02583 0.1783
Air - 28.97 1.293 0.02574
Table 1

N.B.: STP = Standard Temperature & Pressure, Standard Temperature = 300%K
Standard Pressure = 14.7psi = 760mmHg

5 With reference to Table 1 above, the thermal conductivity (k) of Hydrogen is
about 10 times more than Argon and about 7 times more than Nitrogen and Air.
Accordingly, the use of gases with a relatively higher thermal conductivity is preferred
in example embodiments. The gas or gas mixture is preferably chosen to have a
thermal conductivity larger than that of air. More preferably, the gas or gas mixture is

10 chosen to have a thermal conductivity larger than 0,14 W/ig/°C.

in an example embodiment, a gas mixture comprising 895% of He and 5% of
N, has a combined thermal conductivity of [{(C.95 x 0.1513) + (0.05 x 0.02583)] =
0.145 Wig/°C.
15

In another example, a gas comprising 100% of H; has a thermal conductivity
of 0.1805 W/g/°C.

In an example embodiment of the present invention, by using Hydrogen for
20  cooling, it is possible to cool LEDs 7 times {4 times more mobile supporting
conductivity and 7 times higher thermal conductivity) faster than cooling by Air with

the heat sinks.

The type of gas or gas mixture used for cooling, their constifuent ratios and
25 proportions (for a gas mixture), and the pressure in which they are contained within
the enclosure depend on the wattage, envelope, shape and mass of the LED. in

embodiments of the present invention, for a fixed enclosure size, as the wattage



0.0229 Radon Rn 222.00 9.730 0.00361 0.0135 Hydrogen H2 2.01 0.088 0.1805 2.4876 Nitrogen N2
28.03 1.165 0.02583 0.1783 Air 28.97 6

increases, the gas/gas mixture is chosen such that it has a higher thermal
conductivity.

The amount of gas can be calculated from the following:

5 Sp. Gravity = gms/litre

Mass of gas inside the bulb volume of 0.12 litre at T=300°K at Atmospheric
pressure of 14.7psi = Sp. Gravity x 0.12gms.

10 Example 1: 95% He and 5% N,

P:14.7psi

V:0.12litre

T:300°K

Mass inside bulb= [(0.95 x 0.178) + (0.05 x 1.185) = 0.2255] x 0.12gms =
15 0.02706gms

Example 2 : 100% H,
P:14.7psi
V:0.12iitre

20 T:300°K

Mass inside bulb=0.088 x 0.12gms = 0.01056gms

As the LED is operated, due to heat generated, the temperature rises from T1
{ambient temperature) to T2,
25
The heat generated, in calories per second, can be calculated using the
formula;
H= mst - (3)

30  where m = mass of the LED semiconductor.
s = specific heat of the LED semiconductor.

t= (T2 ~T1), the increase in temperature (in Kelvin)

The heat generated, in Jouies per second (Watts), can be calculated using
35  the formula:

H = 4.2(mst) watts - (4)

For cooiing gas = 4.2m’.Cv.t watts



1.293 0.02574 Table 1 N.B.: STP = Standard Temperature & Pressure, Standard Temperature =
300K Standard Pressure = 14.7psi = 760mmHg 5¥Vith reference to Table 1 above, the thermal
conductivity (k) of Hydrogen is about 10 times more than Argon and about 7 times more than Nitrogen
and Air. Accordingly, the use of gases with a relatively higher thermal conductivity is preferred in
example embodiments. THeag Qr(ﬁ%%)@t@rmé‘d erably chosen to have a thermal conductivity

larger than that of air. Mokre prefe ey, i@ gasdingaspaityrss isydoehosgastnfidye sdhermal
conductmty Qan 0,14 W/g/C. In an example embodiment, a gas mixture comprising 95% of
He and 5%%?7\%%%3 a combined thermal conductivity of [(0.95 x 0.1513) + (0.05 x 0.02583)] = 0.145
Wig/C. 15 In another example, a gas comprising 100% of H2 has a thermal conductivity of 0.1805

WI/g/C.4n an examgie ﬁ@é@@@ﬂ@@?@@?ﬂb@{ BECERBI KNIy 4G bbyiioaes s 2@igaeling, it is
possible to cool LEDs 7 t| S (4 fimes more_mobile supportin conductmty anci? times higher thermal
conductlvn)} fasE O[ﬂﬁﬁ if Anta\ﬁﬁ%% ﬁecgf’gﬁﬁ@afh‘)g %"e”&‘?‘ g&roa %grfﬁff?ﬁ used for

cooling, thelrycomstitaton r:atrmmf@sm@pﬁrtmwfmeai@asmmuteyltamdtt‘me grgssure in which they
are contaln%giggww Ttlﬂg W@Q@W@&@&W@twge envelope, shape and mass of the LED. In

embodiments of the present invention, for a fixed enclosure size, as the wattage 6 increases, the
gas/gas mixture is chosen such that it has a higher thermal conductivity. The amount of gas
can begalculated frigordhe itoboswigh &SdiSiravitycegmsiitie Masssof gasciesttedhaitmgiizivolume of

0.12 litre at @9%@@8‘?8&%@%%%@?%@% HigrERY rcBP a IR AP s B AEARBIPIE 1 95%

He and 5%
the present invention. The LED light source 100 comprises an enclosure 102, a base

104, an LED semiconductor 106, a driver/reguiator 108 and a stem 110. The stem
comprises 2 ieads 110a and 110b (e.g. positive and negative ieads; or AC leads)
15  extending from an air-tight sealed-in-glass portion 111 and the stem 110 functions to
mount the LED semiconductor 108 within the enclosure 102. The driver/regulator 108
can be a passive component such as a metal film resistor. The base 104 shown here
is an Edison screw base. However, it will be appreciated by a perscn skilled in the art
that other suitable bases, e.g. bayonet base, bipin can be used. The driver 108
20  comprises suitable circuitry to enable the appropriate voltage and current 1o be
supplied to the LED semiconductor 106. 1t will aiso be appreciated by a person
skilled in the art that other conventional components, e.g.. a ballast (not shown), can
be included in the LED light source. Figure 1 shows a single LED semiconductor 106,
However, more than one LED semiconductor {i.e.. an array of LED semiconductors)
25  canbe used.

Figure 2 is a schematic, generally designated as reference numeral 200,
ilustrating the formation of a convection current within an enclosure of an LED
lighting source, according to an embodiment of the present invention. Convection

30 currents 202, 204 and 206 are set-up with the enclosure and provide means for heat
dissipation away from the LED semiconductor to the surface of the enclosure. The
fiow of the convection currents 202, 204 and 206 are laminar to facilitate efficient
heat transfer. The shape of the enclosure is chosen such that it facilitates the
funneling of the gas or gas mixiure within the enclosure towards the junction of the

35 LED. Heat from the surface of the enclosure s subsequently dissipated through
radiation or convection with the ambient air. Accordingly, the material of the

enclosure is preferably chosen to facilitate the transmission of light and the transfer



P:14.7 psi V:0.121itre T:300K Mass inside bulb=[(0.95 x 0.176) + (0.05 x 1.165) = 0.2255] x
0.12gms = 150.02706gms Example 2 100% H2 Pgl4.7 psi V:0.12litre 20T:300K Mass inside
bulb=0.088 x 0.12gms = 0.01056gms As the LED is operated, due to heat generated, the
temperature rises from Ti (ambient temperature) to T2. 25  The heat generated, in calories per
second, caR’bRPELERTAES Ggfﬁﬁcﬂ@ff%ﬁﬁ‘&!%%@ﬁ%ﬁ@ﬁw{ﬁ%ﬁéfﬁ?"‘—“ﬁ%‘l’é%% Ry tReiFtiop
semicondugiprexamspesificdhent otdbe hiziksemsiemmrductor. t = (T2 - Ti), the increase in temperature
(in Kelvin) The heat generated, in Joules per second (Watts), can be calculated using 35the

formula H' = 4.2(ms.t) watts(4) For cooling gas = 4.2m'.Cv.t watts 7 = 4.2 x 0.01056 x 5/2.01 x 100
In an example embodiment of the present invention, the shape of the

5 enclosure is in the form of a General Lighting Service (GLS) lamp, in particular, the
conventional 60 mm diameter pear-shaped glass bulb. By using an existing bulb
shape for the enclosure, existing 25W, 40W, 80W and 100W Tungsten Filament
Lamps can be directly replaced with about 4W, 8W, 12W and 20W LED lighting
sources according to embodiments of the present invention. No change in electrical

10 wiring or design may be necessary as the same supply voliage sockets are used.
The surface of the bulb can be made of clear glass, soft coated, diffused coated or

coated with & reflective material for suitable/desirable lighting designs.

Figure 3 is a schemaiic, generally designhated as reference numeral 300,

15 illustrating the temperature distribution within an LED light source, according to an
embodiment of the present invention. The LED light source is rated at 230V AC,
0.020A and 4.60W and the temperature distribution during continuous operation (i.e..

at steady siate) is shown. Around the areas denoted by reference numerals 302, 304

and 306, the temperature is about 60°C, 50°C and 40°C respectively.

20
in embodiments of the present invention, a proper selection of the constituent
gases for heat dissipation, its quantity (and therefore pressure, assuming a fixed
enclosure shape) and the shape of the enclosure and the bulb surface finish
advantageously enabie the operation of LEDs around their safe junction temperature.

25

Embodiments of the present invention advantageously enabie relatively faster

heat dissipation compared to metallic heat sinks. An increase in power output without

a substantial increase in operating temperature may be achieved. In other words, an
increase in light output may be achieved with no additional input power. Increased

30  light cutput for the same input power, i.e. an increase in Lumens per Watt (LPW),
means that recurring cost is lower as less energy is required. Embodiments of the

present invention can also prolong the life span of LED light sources.

it will be appreciated by a person skilled in the art that numerous variations
35 andl/or modifications may be made to the present invention as shown in the

embodiments without departing from a spirit or scope of the invention as broadiy



= 11.03 watts is the cooling capacity of hydrogen gas inside a 60mm glass bulb. 5The heat generated
must be dissipated by the gas or gas mixture fillecbwithin the enclosure. Due to the nature of the
chosen gas or gas mixture, cooling is rapid by convection current. The flow of the convection current
within the enclosure is guided by the physical shape of the enclosure. 10Figure 1 is a schematic
diagram, q@SFARFte in STBBOLTERs hige WETREHE) 10 PSIIBRERARSHE SLIERREFHT nBED light
source, acctindirglite ancerobedineintof the present invention. The LED light source 100 comprises an
enclosure 102, a base 104, an LED semiconductor 106, a driver/regulator 108 and a stem 110. The
stem comprises 2 leads 110a and 110b (e.g. positive and negative leads; or AC leads) 15 extending
from an air-tight sealed-in-glass portion 111 and the stem 110 functions to mount the LED
semiconductor 106 within the enclosure 102. The driver/regulator 108 can be a passive component
such as a metal film resistor. The base 104 shown here is an Edison screw base. However, it will be
appreciated by a person skilled in the art that other suitable bases, e.g. bayonet base, bipin can be
used. The driver 108 20 comprises suitable circuitry to enable the appropriate voltage and current to
be supplied to the LED semiconductor 106. It will also be appreciated by a person skilled in the art that
other conventional components, e.g.: a ballast (not shown), can be included in the LED light source.
Figure 1 shows a single LED semiconductor 106. However, more than one LED semiconductor (i.e.:
an array of LED semiconductors) 25can be used. Figure 2 is a schematic, generally designated as
reference numeral 200, illustrating the formation of a convection current within an enclosure of an LED
lighting source, according to an embodiment of the present invention. Convection 30 currents 202,
204 and 206 are set-up with the enclosure and provide means for heat dissipation away from the LED
semiconductor to the surface of the enclosure. The flow of the convection currents 202, 204 and 206
are laminar to facilitate efficient heat transfer. The shape of the enclosure is chosen such that it
facilitates the funneling of the gas or gas mixture within the enclosure towards the junction of the 35
LED. Heat from the surface of the enclosure is subsequently dissipated through radiation or
convection with the ambient air. Accordingly, the material of the enclosure is preferably chosen to
facilitate the transmission of light and the transfer 8 of heat from the surface of the enclosure to the
ambient surroundings by radiation. An example of such a suitable material is glass. In an example
embodiment of the present invention, the shape of the 5 enclosure is in the form of a General Lighting
Service (GLS) lamp, in particular, the conventional 60 mm diameter pear-shaped glass bulb. By using
an existing bulb shape for the enclosure, existing 25W, 40W, 60W and 100W Tungsten Filament
Lamps can be directly replaced with about 4W, 8W, 12W and 20W LED lighting sources according to
embodiments of the present invention. No change in electrical 10 wiring or design may be necessary
as the same supply voltage sockets are used. The surface of the bulb can be made of clear glass, soft
coated, diffused coated or coated with a reflective material for suitable/desirable lighting designs.
Figure 3 is a schematic, generally designated as reference numeral 300, 15 illustrating the
temperature distribution within an LED light source, according to an embodiment of the present
invention. The LED light source is rated at 230V AC, 0.020A and 4.60W and the temperature
distribution during continuous operation (i.e.: at steady state) is shown. Around the areas denoted by
reference numerals 302, 304 and 306, the temperature is about 60C, 50C and 40C respectively. 20

In embodiments of the present invention, a proper selection of the constituent gases for heat
dissipation, its quantity (and therefore pressure, assuming a fixed enclosure shape) and the shape of
the enclosure and the bulb surface finish advantageously enable the operation of LEDs around their
safe junction temperature.



25 Embodiments of the present invention advantageously enable relatively faster heat dissipation
compared to metallic heat sinks. An increase in powver output without a substantial increase in
operating temperature may be achieved. In other words, an increase in light output may be achieved
with no additional input power. Increased 30 light output for the same input power, i.e. an increase in
Lumens per Watt (@M%eans that recurring cost is lower as less energy is required. Embodiments
of the present invention can also prolong the life span of LED light sources. It will be appreciated

by a person,iskilledAirﬂ gﬁﬁ@eﬁﬁtmﬁlt dpotﬂg?{%lt?z }{ﬁﬂﬁj&og&%ea%%/r%ﬁg% ifications may be made to the
Iments wit

present invention as Shown In the embo out departing from a spirit or scope of the
invention as broadfp GEdesewisedaThe embodiments are, therefore, to be considered in all respects to

be illustrative and patdiestdotysurkllifdify Me LEmAsbaiieemitting diode (LED) lighting source,
comprising: an LED source; and 5an enclosure %lllrrouq?in the LED sourca; %\’/herein a gas or gas
mixture is filled withitPiRE 85 reeS RR M& HE GhY BP Y ARG AR S 4 B EGTAP Br heat

transfer aw@pgéronxtire 126D seurcaeaidnwiterbasthsmgsisopgay Mixtutess Ehbsenn@ provide an
increased hgat HangierJ5emr e R HRUECE-EREIPRY Brbifiar thofeddat HER lighLRG fakICe as

claimed in claim 1, wherein the heat is transferred from the LED source to the surface of the enclosure
by convecti&"?&ﬁﬁ%ﬁ?.”@?”‘?ﬁ@ﬁ@@dlf&ﬂlﬁg source as claimed in claim 1 or 2, wherein the material of
15the #"hclosure is chosen to facilitate the transmission of light and the transfer of heat from the

surface of the enclogura-g ggsw@&w&s%g%m 5 Rkrgdiation < ﬁ?@%hﬁt@g'%@?@r?&me as
claimed in any of the preceding claims, wherein the surface of the enclosure comprises glass.
from the LED source to the surface of the enclosure by convection current.

3. The LED lighting source as claimed in claim 1 or 2, wherein the material of
15 the enclosure is chosen to facilitate the fransmission of light and the transfer of heat

from the surface of the enclosure to the ambient surroundings by radiation.

4, The LED lighting source as claimed in any of the preceding claims, wherein
the surface of the enclosure comprises glass.

20
5. The LED lighting source as claimed in any of the preceding claims, wherain

the gas or gas mixture has a combined molecuiar weight of iess than £.3.

6. The LED lighting source as claimed in any of the preceding claims, wherein
25 the gas or gas mixture has a combined thermal conductivity of more than 0.14
Wig/l°C.

7. The LED lighting source as claimed in any of the preceding claims, wherein
the enclosure facilitates the funneling of the gas or gas mixture towards the LED

30 source.,

8. The LED lighiing source as claimed in any of the preceding claims, wherein

the LED source comprises a LED semiconductor structure.

35 9 The LED lighting source as claimed in any of the preceding claims, further

comprising an electrical connection from the LED lighting source to the mains supply.



20 5. The LED lighting source as claimed in any of the preceding claims, wherein the gas or gas
mixture has a combined molecular weight of less than 5.3. 6. The LED lighting source as claimed in
any of the preceding claims, wherein 25the gas or gas mixture has a combined thermal conductivity of
more than 0.14 W/g/C. 7. The LED lighting source as claimed in any of the preceding claims,
wherein the!@nclostite FdlillethEFuReRn FBIMTE Jadny gadmiRiBreIbWarditRe Y EIS30s0urce. 8.
The LED liglgingremy eesasrclaimedntin yof e grecediigelaiamsnwbaiein the LED source comprises
a LED semiconductor structure. 11 10. The LED lighting source as claimed in any of the preceding
claims, further comprising a stem for mounting the LED source within the enclosure. 11. The LED
lighting souiide as dlagnmé&d lialing Falep Asce@ingeldirmBy fHereSEdgasiaoaprisesitydrogen. 12.
The LED lightinghseuragrasClajmegdn. any of the preceding claims, wherein the gas mixture comprises
Nitrogen and Helium. 10 15

12. The LED lighting source as claimed in any of the preceding claims, wherein
the gas mixture comprises Nitrogen and Helium.

10

15



