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57 ABSTRACT

Seven thermally and optically efficient LED units and two
control units are disclosed. Flashlights utilizing these LED
units and control units are also disclosed. Such a flashlight
mainly includes a cylindrical housing, a cylindrical rear cap,
one of the seven LED units, one of the two control units. Each
LED units are interchangeable between different emitting
colors. Each LED unit mainly comprises a metal base, a
reflector if the metal base is not a reflector itself, a leadframe
formed attaching one or more metal pins to a printed circuit
board, one or more LED dies mounted on the metal base,
optical material disposed over the LED dies, and an optional
lens to further focus the light.

9 Claims, 12 Drawing Sheets
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1

FLASHLIGHTS UTILIZING UNIQUE LED
LIGHT SOURCES

This application claims the benefits of the U.S. provisional
patent application: No. 60/597,175, filed on Nov. 15, 2005
and the U.S. utility patent application: Ser. No. 11/306,677,
filed on Jan. 6, 2006.

This invention relates to seven types of optically and ther-
mally efficient light emitting diode units (hereafter, LED
units). More particularly, this invention relates to flashlights
employing these LED units.

Prior art flashlights employing incandescent bulbs produce
lights by electrically heating the filaments to glow. The fila-
ments are fragile, especially when they are heated. In addi-
tion, this type of flashlights is very inefficient in energy con-
sumption.

Prior art flashlights employing halogen and xenon lamps
produce light more efficiently than the ones employing incan-
descent bulbs. However, the halogen and xenon lamps still
have delicate filaments.

Prior art flashlights employing LED light sources are effi-
cient in energy consumption, and are not subject to the dis-
advantages associated with the heating of filament. The LED
light sources are typically one or more T1 % LED lamps, or
a Luxeon type LED.

The intensity of a LED flashlight employing single T1 %
LED lamp is too low. A LED flashlight employing multiple
T1 % LED lamps will be brighter. However, the flashlights
must have large head to accommodate these T1 3% LED
lamps. Moreover, the lights they generate cannot be well
focused. A LED flashlight employing a Luxeon type LED is
bright and can be well focused. However, the Luxeon type
LED normally needs to be mounted on a secondary heat sink.
In order to efficiently employ a Luxeon type LED to a flash-
light, an additional heat sink, an additional reflector, and/or an
additional focusing lens are necessary. Then the size of the
lamp head is normally larger than 2 cm.

It is therefore an object of this invention to provide designs
of thermally and optically efficient LED units. It is also an
object of this invention to accordingly design flashlights that
can most efficiently employ these LED units. The applica-
tions of these LED units are not limited to flashlights.

Each LED unit mainly includes one or more LED dies, a
metal base, a leadframe embedded into the metal base, optical
material disposed over the LED dies, a reflector and a lens.
The LED dies are either welded or mounted on the metal base.
The LED dies can be any color LED dies. The white lights
may be produced from UV or blue LED dies coated with
corresponding phosphors, or from the mixing of the emitting
lights from blue, green and red LED dies. The metal base is a
heat sink for the LED dies. A LED unit can be smaller than 1
cm in outer diameter. A flashlight employing one of the LED
units further includes a metal cylindrical housing, a rear cap,
a control unit, and a switch. The metal cylindrical housing
electrically and thermally contacts the metal base. It also
functions as the extended part of the heat sink. The cylindrical
housing measures the smallest 0.96 cm in the outer diameter
to accommodating AAAA batteries. The cylindrical housing
can be other sizes to accommodate other batteries, such as
AAA AA, C,D, CR123 and CR2 size batteries, and etc. The
control unit controls the on/off of the light, and at the same
time limiting the driving current and suppressing the current
surge. The switch can be designed as a pushbutton switch, or
a twisting switch. The pushbutton switch turns the flashlight
momentarily on by pressing down the pushbutton halfway,
and turns the flashlight constantly on by pressing the push-
button all the way down. The twisting switch turns off the
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flashlight by screwing the LED unit fully into the housing,
and turns on the flashlight by screwing the LED unit a little
away from the housing.

FIG.1,FIG. 2,FIG. 3, FIG. 4,FIG. 5, FIG. 6 and FIG. 7 are
the cross-sectional views of the thermally and optically effi-
cient LED unit;

FIG. 8 is the side cross-sectional view of the assembled
control unit and rear cap for a pushbutton switch.

FIG. 9 is the side cross-sectional view of the assembled
control unit and rear cap for a twisting switch.

FIG. 10 illustrates one flashlight employing the LED unit
in FIG. 1 and the pushbutton switch in FIG. 8;

FIG. 11 is an exploded perspective view of the flashlight in
FIG. 10.

FIG. 12 is the perspective view of another flashlight
employing the LED unit in FIG. 2 and the twisting switch in
FIG. 9.

In the drawings, when an element or feature is shown in
more than one figure, the same alphanumeric designation is
used to designate such an element or feature in each figure.

FIG. 1 is a side cross-sectional view of the LED unit 120.
The metal base 138 has one end engaged in the lens frame
122, another end to be engaged in a flashlight body. The metal
base 138 preferably has external threads on both ends. The
outer shape of the metal base 138 is not limited to the shape
shown in FIG. 1. The inner surface 141 of the metal base 138
is reflective. The inner surface 141 can take on any shape, but
is preferably parabolic as shown in FIG. 1. The inner surface
141 has a flat portion 139 at the bottom. One or more LED
dies 130 are either welded or mounted on the portion 139 via
a thermally conductive adhesive layer. The LED dies 130 are
preferably located at the focal point of the reflective inner
surface 141. The metal base 138 has one or more circular
holes 140, through which one or more metal pins 128 project
out. The metal pins 128 and the printed circuit board 127 form
the leadframe 126. The printed circuit board 127 is adhered to
the metal base 138. The metal pins 128 are electrically iso-
lated from the metal base 138 via the insulating layers 129.
The LED dies 130 are electrically connected to the metal pin
128 through gold wires 131. Optical material 133 is disposed
onto the LED dies 130. The lens 123 coupled into the lens
frame 122 is connected, preferably permanently fixed, to the
metal base 138. The lens 123 is preferable glass, but is not
limited to glass. The metal base 138 has a circumferential
groove 137 to receive the resilient O-ring 145. The resilient
O-ring 145 is to provide a water-resistant seal between the
LED unit 120 and a flashlight body.

FIG. 2 is a side cross-sectional view of the LED unit 220.
The metal base 238 has one end where a lens is to be adhered.
The other end is to be engaged into a flashlight body, and is
preferably threadedly engaged in the flashlight body. The
outer shape of the metal base 238 is not limited to the shape
shown in FIG. 2. The inner surface 241 of the metal base 238
is reflective. The inner surface 241 can take on any shape, but
is preferably parabolic as shown in FIG. 2. The metal base 238
has a flat portion 239 at the bottom. One or more LED dies
230 are either welded or mounted on the portion 239 via a
thermally conductive adhesive layer. The LED dies 230 are
preferably located at the focal point of the reflective inner
surface 241. The metal base 238 has one or more circular
holes 240, through which one or more metal pins 228 project
out. The metal pins 228 are soldered onto the printed circuit
board 227 to form the leadframe 226. The printed circuit
board 227 is adhered to the metal base 238. The metal pins
228 are electrically isolated from the metal base 238 via the
insulating layers 229. The LED dies 230 are electrically con-
nected to the metal pin 228 through gold wires 231. Optical






