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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to a light-emitting
diode module with a heat dissipating structure. The
present invention also relates to a lamp with such a light-
emitting diode module.

[0002] Light-emitting diode modules including pack-
aged light-emitting diodes (LEDs) are widely used as light
sources in a variety of lamps, signs and image displays.
LED dies generate heat during operation, which heat
must be removed to keep high illumination efficiency. To
this end, heat dissipating devices are provided to dissi-
pate heat generated inside the light sources to the sur-
rounding environment. Conventional heat dissipating de-
vices for LED light sources generally include a heat sink
connected to a circuit board or a substrate on which LEDs
are disposed. However, directly assembling of the heat
sink to the circuit board or substrate is not easy and could
damage the LEDs during assembly.

[0003] U.S.Pat. No. 4,204,246 disclosed a cooling as-
sembly including a heat generating electric part, a heat
conductive block mounting the heat generating electric
part, and a heat pipe attached to the heat conductive
block for radiating the heat from the heat generating elec-
tric part to the air through the heat conductive block. Plu-
ral cooling fins are fixed on a condensing portion of the
heat pipe to obtain a higher radiation effect. However,
the assembly of the heat generating electric part and the
heat conductive block is complicated. Further, the heat
pipe is not in direct, thermal contact with the heat gener-
ating electric part, resulting in unsatisfactory heat dissi-
pation effect.

[0004] A need exists for a light-emitting diode module
with a heat dissipating structure that allow easy assembly
while having improved heat dissipation efficiency.

BRIEF SUMMARY OF THE INVENTION

[0005] The presentinvention solves this need and oth-
er problems in the field of heat dissipation for LEDs by
providing, in a preferred form, a light-emitting diode mod-
ule including a metal substrate having a first face and a
second face opposite to the first face. A plurality of light-
emitting diode dies are mounted to the first face of the
metal substrate and in direct, thermal contact with the
metal substrate. A jacket includes a coupling surface en-
gaged with the second face of the metal substrate. The
jacket further includes a longitudinal hole having a lon-
gitudinal axis. The coupling surface of the jacket has an
opening extending in a direction parallel to the longitudi-
nal axis and in communication with the longitudinal hole.
A heat conduction pipe includes a first portion received
in the longitudinal hole of the jacket and a second portion
outside the jacket. The first portion of the heat conduction
pipe has an outer periphery. A portion of the outer pe-
riphery of the first portion of the heat conduction pipe is
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indirect, thermal contact with the second face ofthe metal
substrate through the opening of the jacket to absorb
heat generated by the plurality of light-emitting diode
dies. Afinned heat sink is mounted on the second portion
of the heat conduction pipe and includes a plurality of
fins to dissipate heat transferred to the heat conduction
pipe into an environment outside the finned heat sink.
[0006] In a preferred form, the jacket is a thermally
conductive metal block. The longitudinal hole is circular
in cross section, and the opening extends in a plane tan-
gent to the longitudinal hole.

[0007] In another preferred form, the jacket is a ther-
mally conductive metal tube having C-shaped cross sec-
tions such that the first portion of the heat conduction
pipe can be clamped in the longitudinal hole. The metal
tube has two parallel, spaced, longitudinal edges each
extending in a direction parallel to the longitudinal axis,
and the opening is defined between the two longitudinal
edges. Two longitudinal bends project outwardly away
from each other and from the two longitudinal edges and
extend in a plane parallel to the opening. Each longitu-
dinal bend includes a surface facing the second face of
the metal substrate and forming the coupling surface.
[0008] In accordance with another aspect of the
present invention, a lamp is provided and includes a
housing adapted to be mounted to a lamp post. A metal
substrate is mounted in the housing and has a first face
and a second face opposite to the first face. A plurality
of light-emitting diode dies are mounted to the first face
of the metal substrate and in direct, thermal contact with
the metal substrate. A jacket includes a coupling surface
engaged with the second face of the metal substrate.
The jacket further includes a plurality of longitudinal holes
parallel to and spaced from one another and each having
a longitudinal axis. A spacing ranging from 0 to 0.5 mm
is defined between an inner periphery of each longitudi-
nal hole and the coupling surface. A plurality of heat con-
duction pipes each includes a first portion received in one
ofthelongitudinal holes of the jacket and a second portion
outside the jacket. A finned heat sink is mounted on the
second portions of the heat conduction pipes and in-
cludes a plurality of fins to dissipate heat transferred to
the heat conduction pipes into an environment outside
the finned heat sink.

[0009] In a preferred form, the coupling surface of the
jacket has a plurality of openings each extending in a
plane tangent to and in communication with one of the
longitudinal holes. The first portion of each heat conduc-
tion pipe has an outer periphery. A portion of the outer
periphery of the first portion of each heat conduction pipe
is in direct, thermal contact with the second face of the
metal substrate through one of the openings of the jacket
to absorb heat generated by the light-emitting diode dies.
[0010] The present invention will become clearer in
light of the following detailed description of illustrative
embodiments of this invention described in connection
with the drawings.
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DESCRIPTION OF THE DRAWINGS

[0011] The illustrative embodiments may best be de-
scribed by reference to the accompanying drawings
where:

FIG. 1 shows a perspective view of a light-emitting
diode module of a first embodiment according to the
preferred teachings of the present invention.

FIG. 2 shows an exploded perspective view of the
light-emitting diode module of FIG. 1.

FIG. 3 shows a side view of the light-emitting diode
module of FIG. 1.

FIG. 4 is a cross sectional view taken along plane
4-4in FIG. 3.

FIG. 5 shows a perspective view of a light-emitting
diode module of a second embodiment according to
the preferred teachings of the present invention.
FIG. 6 shows an exploded perspective view of the
light-emitting diode module of FIG. 5

FIG. 7 shows a side view of the light-emitting diode
module of FIG. 5.

FIG. 8 is a cross sectional view taken along plane
8-8inFIG. 7.

FIG. 9 shows a perspective view of a light-emitting
diode module of a third embodiment according to the
preferred teachings of the present invention.

FIG. 10 shows an exploded perspective view of the
light-emitting diode module of FIG. 9.

FIG. 11 shows a perspective view illustrating use of
alight-emitting diode module of another embodiment
according to the presentinventionin alamp mounted
to a lamp post.

FIG. 12 shows an exploded perspective view of the
lamp of FIG. 11.

FIG. 13 shows an exploded perspective view of the
light-emitting diode module of FIG. 11.

FIG. 14 is a top view of the lamp and the lamp post
of FIG. 11.

FIG. 15 is a cross sectional view taken along plane
15-15in FIG. 14.

FIG. 15a shows an enlarged view of a circled portion
of FIG. 15.

FIG. 16 is a cross sectional view taken along plane
16-16 in FIG. 14.

FIG. 17 shows an exploded perspective view similar
to FIG. 13, illustrating a modification of a jacket of
the light-emitting diode module of FIG. 11.

FIG. 18 is a cross sectional view similar to FIG. 15,
illustrating the modification of the jacket of FIG. 17.
FIG. 18a shows an enlarged view of a circled portion
of FIG 18.

DETAILED DESCRIPTION OF THE INVENTION
[0012] A light-emitting diode module with a heat dissi-

pating structure of an embodiment according to the pre-
ferred teachings of the present invention is shown in
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FIGS.1-4 of the drawings and generally designated 10.
According to the preferred form shown, light-emitting di-
ode module 10 includes a light-emitting diode (LED) light
source assembly 2 including a metal substrate 21 having
a first face 211 and a second face 212 opposite to first
face 211, a circuit board 23 mounted on first face 211,
and a plurality of light-emitting diodes 22 mounted to first
face 211 as a light source. Each light-emitting diode 22
includes at least one LED die 221 electrically connected
to circuit board 23 and in direct, thermal contact with met-
al substrate 21. According to the most preferred form
shown, metal substrate 21 has a thickness ranging from
0.5 to 1 mm and a plurality of through-holes 213 extend-
ing from first face 211 through second face 212.

[0013] According to the preferred form shown, light-
emitting diode module 10 further includes a heat dissi-
pating module 1 including a jacket 11, a heat conduction
pipe 12, and two finned heat sinks 13. Jacket 11 is made
of a thermally conductive metal, such as an aluminum or
copper block. Jacket 11 includes a longitudinal hole 111
having a longitudinal axis. Jacket 11 further includes a
coupling surface 112 engaged with second face 212 of
metal substrate 21. According to the most preferred form
shown, coupling surface 112 includes a plurality of en-
gaging holes 115, and a plurality of fasteners 3 are re-
spectively extended through through-holes 213 of metal
substrate 21 into engaging holes 115 of jacket 11 to en-
gage metal substrate 21 with jacket 11. Coupling surface
112 of jacket 11 has an opening 114 extending in a di-
rection parallel to the longitudinal axis of longitudinal hole
111 and in communication with longitudinal hole 111.
Longitudinal hole 111 is circular in cross section, and
opening 114 extends in a plane tangent to longitudinal
hole 111. Heat conduction pipe 12 includes a first portion
123 received in longitudinal hole 111 of jacket 11, a sec-
ond portion 121 outside jacket 11, and a third portion 122
outside jacket 11. First portion 123 of heat conduction
pipe 12 is intermediate between second portion 121 and
third portion 122. A portion of an outer periphery 124 of
first portion 123 of heat conduction pipe 12 is in direct,
thermal contact with second face 212 of metal substrate
21 through opening 114 of jacket 11 to absorb heat gen-
erated by light-emitting diode dies 221 (FIG. 4). Heat con-
duction pipe 12 includes annular cross sections and de-
fines a chamber 125 in which heat transfer medium 4
such as superconducting material is received. Finned
heat sinks 13 are respectively mounted on second and
third portions 122 and 123 of heat conduction pipe 12.
Each finned heat sink 13 includes a plurality of fins 131
to dissipate heat transferred to heat conduction pipe 12
into the environment outside finned heat sinks 13.
[0014] Heatdissipating module 1 of the present inven-
tion is engaged with metal substrate 21 of LED light
source assembly 2 via coupling surface 112 of jacket 11
to allow easy assembly and to prevent damage to LEDs
22. Further, a more effective thermal conduction path is
provided by direct, thermal contact between heat con-
duction pipe 12 and metal substrate 21 of LED light
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source assembly 2. Increased heat dissipating efficiency
is, thus, provided to LEDs 22.

[0015] FIGS. 5 through 8 show an alternate embodi-
ment of jacket 11 of light-emitting diode module 10 ac-
cording to the present invention. Jacket 11 in the pre-
ferred form shown is a thermally conductive metal tube
including C-shaped cross sections such that first portion
123 of heat conduction pipe 12 can be clamped in longi-
tudinal hole 111 of jacket 11 to facilitate engagement
between heat conduction pipe 12 and jacket 11. Accord-
ing to the preferred form shown, jacket 11 has two par-
allel, spaced, longitudinal edges 117 each extending in
a direction parallel to the longitudinal axis of longitudinal
hole 111, and an opening 114 is defined between longi-
tudinal edges 117. Two longitudinal bends 116 project
outwardly away from each other and from longitudinal
edges 117 and extend in a plane parallel to opening 114.
Each longitudinalbend 116 includes a surface facing sec-
ond face 212 of metal substrate 21. The surfaces of lon-
gitudinal bends 116 form coupling surface 112. Each lon-
gitudinal bend 116 further includes a plurality of engaging
holes 115, and a plurality of fasteners 3 are respectively
extended through through-holes 213 of metal substrate
21 into engaging holes 115 of metal tube 11 to securely
engage metal substrate 21 with jacket 11.

[0016] FIGS.9and 10show amodification of heat con-
duction pipe 12 of light-emitting diode module 10 accord-
ing to the presentinvention. In this modified embodiment,
third portion 122 and finned heat sink 13 mounted on
third portion 122 are omitted. By such an arrangement,
the length of heat conduction pipe 12 can be shortened
and the volume of the light-emitting diode module 10 re-
duced.

[0017] FIGS.11through 16 showanother embodiment
of light-emitting diode module 10 according to the present
invention and illustrate use of light-emitting diode module
10 in a light-emitting diode lamp. In this example, light-
emitting diode lamp is used as a road lamp 6 for illumi-
nation at night.

[0018] Lamp 6 includes a housing 5, light-emitting di-
ode (LED) light source assembly 2, and heat dissipating
module 1, wherein components in this embodiment iden-
tical or similar to those in FIGS. 1 through 4 are desig-
nated by the same reference numbers. Housing 5 in-
cludes a lower cover 52 consisting of two plates and an
upper cover 51 secured to lower cover 52. Upper cover
51 includes a semi-circular hole 54 in an end thereof, and
an arcuate mounting plate 55 is secured to an interior
wall of upper cover 51 and opposite to hole 54. Upper
cover 51 and mounting plate 55 together form a circular
hole into which an upper end 41 of a lamp post 4 is ex-
tended for mounting housing 5 to lamp post 4. A plurality
of perforations 53 are provided in upper cover 51 and
lower cover 52 for ventilation, and an opening 56 is pro-
vided in lower cover 52 for transmitting light.

[0019] According to the preferred form shown, LED
light source assembly 2 includes a plurality of metal sub-
strates 21 joined together, a plurality of circuit boards 23
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each mounted on firstface 211 of one of metal substrates
21, and a plurality of light-emitting diodes 22 mounted to
first faces 211 of metal substrates 21 as a light source.
Each light-emitting diode 22 includes at least one LED
die 221 electrically connected to one of circuit boards 23
and in direct, thermal contact with one of metal substrates
21. Aglass shade 24 in alignment with opening 56 covers
LED light source assembly 2 and is positioned by a frame
25 located in opening 56 and fixed around a periphery
of glass shade 24.

[0020] In this embodiment, heat dissipating module 1
includes a jacket 11, a plurality of first heat conduction
pipes 12, a plurality of second heat conduction pipes 15,
and three finned heat sinks 13 (FIG. 13). Jacket 11 in-
cludes a coupling surface 112 having a plurality of en-
gaging holes 115, and a plurality of fasteners 3 are re-
spectively extended through through-holes 213 of metal
substrates 21 into engaging holes 115 of jacket 11 to
engage metal substrates 21 with jacket 11. Jacket 11
further includes a plurality of longitudinal holes 111 par-
allel to and spaced from one another and each having a
longitudinal axis. An inner periphery of each longitudinal
hole 111 is closely adjacent to coupling surface 112 such
that a spacing D ranging from 0 to 0.5 mm is defined
therebetween (FIG. 15a). Furthermore, jacket 11 in-
cludes a plurality of transverse holes 118 parallel to and
spaced from one another and each extending from a first
side 119 of jacket 11 through a second side 119 of jacket
11 spaced from first side 119 in a direction perpendicular
to the longitudinal axes of longitudinal holes 111.
[0021] Each first heat conduction pipe 12 includes a
first portion 123 received in one of longitudinal holes 111
of jacket 11 and a second portion 121 outside jacket 11
(FIG. 16). A portion of outer periphery 124 of first portion
123 of each first heat conduction pipe 12 is in proximity
to second face 212 of metal substrate 21 to quickly ab-
sorb heat generated by light-emitting diode dies 221
(FIG. 15a). Each second heat conduction pipe 15 in-
cludes a first portion 151 received in one of transverse
holes 118 of jacket 11, a second portion 152 outside jack-
et 11, and a third portion 153 outside jacket 11 (FIG. 15).
Finned heat sinks 13 are respectively mounted on sec-
ond portions 121 of first heat conduction pipes 12 and
second and third portions 152 and 153 of second heat
conduction pipes 15 to dissipate heat transferred to heat
conduction pipes 12, 15 into the environment outside
finned heat sinks 13. Further, each finned heat sink 13
has an outer end face 132 facing away from the jacket
11. Two heat conduction blocks 17 are mounted on the
outer end face 132 of each finned heat sink 13 and in-
terconnected together by at least one connecting rod 16,
allowing quicker diffusion of heat throughout the whole
finned heat sink 13. A tab 172 having a through-hole 171
is provided on each heat conduction block 17 for engag-
ing with housing 5.

[0022] In this embodiment, lamp 6 further includes a
power supply 8 and a heat dissipating device 7 both of
which are mounted in housing 5. Heat dissipating device
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7 includes a body 71, a plurality of heat conduction pipes
72, and two finned heat sinks 73. Body 71 includes a
coupling surface 711 and a plurality of parallel, spaced,
transverse holes 712 each extending from afirst side 173
of body 71 through a second side 173 of body 71 spaced
from first side 173 in a direction perpendicular to the lon-
gitudinal axes of longitudinal holes 111. Each heat con-
duction pipe 72 is received in one of transverse holes
712 and includes two end portions 721 outside body 71.
Each finned heat sink 73 is mounted on one of end por-
tions 721 of heat conduction pipes 72 and includes a
plurality of fins 731 to dissipate heat transferred to heat
conduction pipes 72 into the environment outside finned
heat sinks 73. Power supply 8 includes a circuit board
81 and a plurality of electronic components 82. Circuit
board 81 is mounted to coupling surface 711 of body 71
by a plurality of support rods 83, and electronic compo-
nents 82 are directly mounted on coupling surface 711.
[0023] FIGS. 17 and 18 show a modification of jacket
11 of heat dissipating module 1 of lamp 6 in FIGS. 13
and 15. Coupling surface 112 of jacket 11 in this embod-
iment has a plurality of openings 114 extending in a di-
rection parallel to the longitudinal axes of longitudinal
holes 111. Each opening 114 extends in a plane tangent
to and in communication with one of longitudinal holes
111 such that a portion of outer periphery 124 of first
portion 123 of each first heat conduction pipe 12 is in
direct, thermal contact with second face 212 of metal
substrate 21 through one of openings 114 of jacket 11.
Namely, spacing D in FIG. 15ais reduced to 0 mm. Thus,
the heat dissipating efficiency provided for LEDs 22 is
increased.

[0024] Thus since the invention disclosed herein may
be embodied in other specific forms without departing
from the spirit or general characteristics thereof, some
of which forms have been indicated, the embodiments
described herein are to be considered in all respects il-
lustrative and not restrictive. The scope of the invention
is to be indicated by the appended claims, rather than by
the foregoing description, and all changes which come
withinthe meaning and range of equivalency of the claims
are intended to be embraced therein.

Claims
1. A light-emitting diode module comprising:

a metal substrate (21) having a first face (211)
and a second face (212) opposite to the first face
(211);

a plurality of light-emitting diode dies (221)
mounted to the first face (211) of the metal sub-
strate (21) and in direct, thermal contact with the
metal substrate (21);

a jacket (11) including a coupling surface (112)
engaged with the second face (212) of the metal
substrate (21), with the jacket (11) further includ-
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ing a longitudinal hole (111) having a longitudi-
nal axis, with the coupling surface (112) of the
jacket (11) having an opening (114) extending
in a direction parallel to the longitudinal axis and
in communication with the longitudinal hole
(111);

a heat conduction pipe (12) including a first por-
tion (123) received in the longitudinal hole (111)
of the jacket (11) and a second portion (121)
outside the jacket (11), with the first portion (123)
of the heat conduction pipe (12) having an outer
periphery (124), with a portion of the outer pe-
riphery (124) of the first portion (123) of the heat
conduction pipe (12) being in direct, thermal
contact with the second face (212) of the metal
substrate (21) through the opening (114) of the
jacket (11) to absorb heat generated by the plu-
rality of light-emitting diode dies (221); and

a finned heat sink (13) mounted on the second
portion (121) of the heat conduction pipe (12)
and including a plurality of fins (131) to dissipate
heat transferred to the heat conduction pipe (12)
into an environment outside the finned heat sink
(13).

The light-emitting diode module as claimed in claim
1, with the jacket (11) being a thermally conductive
metal block including the coupling surface (112) and
the longitudinal hole (111), with the longitudinal hole
(111) being circular in cross section, and with the
opening (114) extending in a plane tangent to the
longitudinal hole (111).

The light-emitting diode module as claimed in claim
1, with the jacket (11) being a thermally conductive
metal tube including C-shaped cross sections and
two parallel, spaced, longitudinal edges (117) each
extending in a direction parallel to the longitudinal
axis, with the opening (114) being defined between
the two longitudinal edges (117), with two longitudi-
nal bends (116) projecting outwardly away from each
other and from the two longitudinal edges (117) and
extending in a plane parallel to the opening (114),
with each said longitudinal bend (116) including a
surface facing the second face (212) of the metal
substrate (21), and with the surfaces of the two lon-
gitudinal bends (116) forming the coupling surface
(112).

The light-emitting diode module as claimed in claim
3, with each of the two longitudinal bends (116) of
the metal tube including a plurality of engaging holes
(115), with the metal substrate (21) including a plu-
rality of through-holes (213), and with a plurality of
fasteners (3) being respectively extended through
the plurality of through-holes (213) of the metal sub-
strate (21) into the plurality of engaging holes (115)
of the metal tube.
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The light-emitting diode module as claimed in claim
3, with the heat conduction pipe (12) including an-
nular cross sections and defining a chamber (125),
with the chamber (125) receiving heat transfer me-
dium (14) therein, and with the first portion (123) of
the heat conduction pipe (12) being clamped in the
longitudinal hole (111) of the jacket (11).

The light-emitting diode module as claimed in claim
1, with the heat conduction pipe (12) further including
a third portion (122) outside the jacket (11), with the
first portion (123) of the heat conduction pipe (12)
intermediate between the second portion (121) and
the third portion (122) of the heat conduction pipe
(12), and with the light-emitting diode module (10)
further including a second finned heat sink (13)
mounted on the third portion (122) to dissipate heat
transferred to the heat conduction pipe (12) into the
environment.

A lamp comprising:

a housing (5) adapted to be mounted to a lamp
post (4);

a metal substrate (21) mounted in the housing
(5) and having a first face (211) and a second
face (212) opposite to the first face (211);

a plurality of light-emitting diode dies (221)
mounted to the first face (211) of the metal sub-
strate (21) and in direct, thermal contact with the
metal substrate (21);

a jacket (11) including a coupling surface (112)
engaged with the second face (212) of the metal
substrate (21), with the jacket (11) further includ-
ing a plurality of longitudinal holes (111) parallel
to and spaced from one another and each hav-
ing a longitudinal axis, with a spacing ranging
from 0to 0.5 mm being defined between aninner
periphery of each said longitudinal hole (111)
and the coupling surface (112);

a plurality of first heat conduction pipes (12)
each including a first portion (123) received in
one of the longitudinal holes (111) of the jacket
(11) and a second portion (121) outside the jack-
et (11); and

a finned heat sink (13) mounted on the second
portions (121) of the plurality of first heat con-
duction pipes (12) and including a plurality of
fins (131) to dissipate heat transferred to the first
heat conduction pipes (12) into an environment
outside the finned heat sink (13).

8. The lamp as claimed in claim 7, with the jacket (11)

further including first and second sides (119) spaced
from each other in a direction perpendicular to the
longitudinal axes of longitudinal holes (111), with the
jacket (11) having a plurality of transverse holes
(118) parallel to and spaced from one another and
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10.

10

each extending from the first side (119) of jacket (11)
through the second side (119) of jacket (11), with the
lamp (6) further comprising a plurality of second heat
conduction pipes (15) each having a first portion
(151) received in one of the transverse holes (118)
of the jacket (11) and a second portion (152) outside
the jacket (11), and with the lamp (6) further com-
prising a second finned heat sink (13) mounted on
the second portions (152) of the second heat con-
duction pipes (15).

The lamp as claimed in claim 8, with the coupling
surface (112) of the jacket (11) having a plurality of
openings (114) each extending in a direction parallel
to the longitudinal axes of longitudinal holes (111),
with each said opening (114) extending in a plane
tangent to and in communication with one of the lon-
gitudinal holes (111), and with the first portion (123)
of each said first heat conduction pipe (12) having
an outer periphery (124), with a portion of the outer
periphery (124) of the first portion (123) of each said
firstheat conduction pipe (12) being in direct, thermal
contact with the second face (212) of the metal sub-
strate (21) through one of the openings (114) of the
jacket (11) to absorb heat generated by the plurality
of light-emitting diode dies (221).

The lamp as claimed in claim 8, with each said finned
heat sink (13) having an outer end face (132) facing
away from the jacket (11), and with the lamp (6) fur-
ther comprising a heat conduction block (17) mount-
ed on the outer end face (132) of each said finned
heat sink (13) and coupled to the housing (5).

Amended claims in accordance with Rule 137(2)

EPC.

1. A light-emitting diode module comprising a metal
substrate (21) having a first face (211) and a second
face (212) opposite to the first face (211);
characterized in that the light-emitting diode mod-
ule further comprises:

a plurality of light-emitting diode dies (221)
mounted to the first face (211) of the metal sub-
strate (21) and in direct, thermal contact with the
metal substrate (21);

a jacket (11) including a coupling surface (112)
engaged with the second face (212) of the metal
substrate (21), with the jacket (11) further includ-
ing a longitudinal hole (111) having a longitudi-
nal axis, with the coupling surface (112) of the
jacket (11) having an opening (114) extending
in a direction parallel to the longitudinal axis and
in communication with the longitudinal hole
(111);

a heat conduction pipe (12) including a first por-
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tion (123) received in the longitudinal hole (111)
of the jacket (11) and a second portion (121)
outside the jacket (11), with the first portion (123)
of the heat conduction pipe (12) having an outer
periphery (124), with a portion of the outer pe-
riphery (124) of the first portion (123) of the heat
conduction pipe (12) being in direct, thermal
contact with the second face (212) of the metal
substrate (21) through the opening (114) of the
jacket (11) to absorb heat generated by the plu-
rality of light-emitting diode dies (221); and

a finned heat sink (13) mounted on the second
portion (121) of the heat conduction pipe (12)
and including a plurality of fins (131) to dissipate
heat transferred to the heat conduction pipe (12)
into an environment outside the finned heat sink
(13).

2. The light-emitting diode module as claimed in
claim 1, with the jacket (11) being a thermally con-
ductive metal block including the coupling surface
(112) and the longitudinal hole (111), with the longi-
tudinal hole (111) being circular in cross section, and
with the opening (114) extending in a plane tangent
to the longitudinal hole (111).

3. The light-emitting diode module as claimed in
claim 1, with the jacket (11) being a thermally con-
ductive metal tube including C-shaped cross sec-
tions and two parallel, spaced, longitudinal edges
(117) each extending in a direction parallel to the
longitudinal axis, with the opening (114) being de-
fined between the two longitudinal edges (117), with
two longitudinal bends (116) projecting outwardly
away from each other and from the two longitudinal
edges (117) and extending in a plane parallel to the
opening (114), with each said longitudinal bend (116)
including a surface facing the second face (212) of
the metal substrate (21), and with the surfaces of the
two longitudinal bends (116) forming the coupling
surface (112).

4. The light-emitting diode module as claimed in
claim 3, with each of the two longitudinal bends (116)
of the metal tube including a plurality of engaging
holes (115), with the metal substrate (21) including
a plurality of through-holes (213), and with a plurality
of fasteners (3) being respectively extended through
the plurality of through-holes (213) of the metal sub-
strate (21) into the plurality of engaging holes (115)
of the metal tube.

5. The light-emitting diode module as claimed in
claim 3, with the heat conduction pipe (12) including
annular cross sections and defining a chamber
(125), with the chamber (125) receiving heat transfer
medium (14) therein, and with the first portion (123)
of the heat conduction pipe (12) being clamped in
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the longitudinal hole (111) of the jacket (11).

6. The light-emitting diode module as claimed in
claim 1, with the heat conduction pipe (12) further
including a third portion (122) outside the jacket (11),
with the first portion (123) of the heat conduction pipe
(12) intermediate between the second portion (121)
and the third portion (122) of the heat conduction
pipe (12), and with the light-emitting diode module
(10) further including a second finned heat sink (13)
mounted on the third portion (122) to dissipate heat
transferred to the heat conduction pipe (12) into the
environment.

7. A lamp comprising~+ a housing (5) adapted to be
mounted to a lamp post (4); and a light-emitting diode
module as claimed in any preceding claim; the lamp
being further characterized in that:

a the metal substrate (21) is mounted in the
housing (5); the jacket (11) further includes a
plurality of longitudinal holes (111) parallel to
and spaced from one another and each having
a longitudinal axis, with a spacing ranging from
0to 0.5 mm being defined between an inner pe-
riphery of each said longitudinal hole (111) and
the coupling surface (112);

the lamp comprises a plurality of first heat con-
duction pipes (12) each including a first portion
(123) received in one of the longitudinal holes
(111) of the jacket (11) and a second portion
(121) outside the jacket (11); and

the finned heat sink (13) is mounted on the sec-
ond portions (121) of the plurality of first heat
conduction pipes (12) and includes a plurality of
fins (131) to dissipate heat transferred to the first
heat conduction pipes (12) into an environment
outside the finned heat sink (13).

8. The lamp as claimed in claim 7, with the jacket
(11) further including first and second sides (119)
spaced from each other in a direction perpendicular
to the longitudinal axes of longitudinal holes (111),
with the jacket (11) having a plurality of transverse
holes (118) parallel to and spaced from one another
and each extending from the first side (119) of jacket
(11) through the second side (119) of jacket (11),
with the lamp (6) further comprising a plurality of sec-
ond heat conduction pipes (15) each having a first
portion (151) received in one of the transverse holes
(118) of the jacket (11) and a second portion (152)
outside the jacket (11), and with the lamp (6) further
comprising a second finned heat sink (13) mounted
onthe second portions (152) of the second heat con-
duction pipes (15).

9. The lamp as claimed in claim 8, with the coupling
surface (112) of the jacket (11) having a plurality of
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openings (114) each extending in a direction parallel
to the longitudinal axes of longitudinal holes (111),
with each said opening (114) extending in a plane
tangent to and in communication with one of the lon-
gitudinal holes (111), and with the first portion (123)
of each said first heat conduction pipe (12) having
an outer periphery (124), with a portion of the outer
periphery (124) of the first portion (123) of each said
firstheat conduction pipe (12) beingin direct, thermal
contact with the second face (212) of the metal sub-
strate (21) through one of the openings (114) of the
jacket (11) to absorb heat generated by the plurality
of light-emitting diode dies (221).

10. The lamp as claimed in claim 8, with each said
finned heat sink (13) having an outer end face (132)
facing away from the jacket (11), and with the lamp
(6) further comprising a heat conduction block (17)
mounted on the outer end face (132) of each said
finned heat sink (13) and coupled to the housing (5).
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