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(57) ABSTRACT 

This invention relates to a surface mountable light emitting 
device in Which the lead frame is exposed over a substantial 
portion of the underside of the device so as to alloW greater 
thermal conductivity to any device on Which it may be 
mounted. The LED provides the lens and a molded body to 
encapsulate the lead frame and an electrical contact in a 
single molding step While the lead frames and further 
contacts are arranged in a suitable array. The lens couples the 
luminous output of a light-emitting diode (LED) to a pre 
dominantly spherical pattem comprises a transfer section 
that receives the LED’s light Within it and an ejector atop it 
that receives light from the transfer section and spreads it 
spherically. Applications may include, but are not limited to, 
household light bulbs and car headlights. 
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SURFACE MOUNTABLE LIGHT EMITTING 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a surface mountable light 
emitting device, particularly, a surface mountable light emit 
ting device having a high power capacity. 

[0002] Conventional light emitting diodes provide a light 
emitting semiconductor chip Within a metal cup, a lead Wire 
to a further contact on the chip, a bullet lens over the 
structure and a body around the structure. Often the body 
Would be formed integrally With the bullet lens. Both the cup 
and the lead Wire are attached to legs extending from an 
underside of the body for connection through a printed 
circuit board into a suitable circuit. 

[0003] The manufacture of products that utiliZe large 
numbers of light emitting diodes may favor the use of 
surface mountable devices. The attachment of many such 
LEDs to, for example, a printed circuit board holding the 
driving circuitry can be achieved considerably more eco 
nomically by automated machines. If such a machine can 
operate on a single side of the printed circuit board to place 
and secure the LED, signi?cant savings may be made, and 
the reverse side of the printed circuit board can be left free 
for the provision of the driving circuitry. All of this requires 
a surface mountable device that avoids the traditional place 
ment of the legs of the LED through a printed circuit board 
and soldering on the reverse side of the board. 

[0004] A variety of methods have been attempted to 
achieve a suitable surface mountable light emitting device. 
Usually, such methods have involved the protrusion of the 
lead Wire and a connection to the lead frame at the side of 
the device for attachment to the surface on Which it is to be 
mounted. Although surface mountable, such connections are 
arranged around a perimeter of the device, Which limits the 
density at Which they may be mounted on the surface. 

[0005] A further problem With light emitting devices 
occurs more permanently With high poWer devices. An LED 
running at high poWer, such as at one Watt generates a 
signi?cant amount of heat. This heat can deteriorate the 
performance of the LED or, over time, lead to the destruction 
or burn out of the LED. 

[0006] Although the heat may be dissipated by the sur 
rounding apparatus, this still requires the transfer of the heat 
from the source, to outside of the LED. The legs extending 
from the body of the LED provide a relatively small thermal 
pathWay, and do not alloW su?icient heat dissipation to alloW 
high poWer units on the order of one Watt. 

[0007] A yet further di?iculty in the subject art arises in 
the manufacture of LEDs. It is di?icult to provide a process 
that alloWs easy manufacture of LEDs With a minimum of 
components While assuring the requirements, e.g., greater 
heat dissipation, of high poWer units are met. 

[0008] Also, conventional LEDs are optically unsuitable 
for direct installation into devices such as headlamps or 
?ashlights that use parabolic re?ectors. This is because the 
bullet lenses used form a narroW beam that completely 
misses a nearby parabolic re?ecting surface. Using, instead, 
a hemispherically emitting non-directional dome, centered 
on a luminous LED die, gives a maximum spread commer 
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cially available, a Lambertian pattern. Since 6 for a typical 
parabolic ?ashlight re?ector extends from 45° to 135°, an 
LED With a hemispheric pattern is still mismatched With 
respect to a parabolic re?ector because the LED’s emission 
falls to Zero at only 6=90°. This results in a beam that is 
brightest on the outside edges and completely dark halfWay 
in to its center. Worse yet, even this inferior beam pattern 
from a hemispheric LED requires that the LED be held up 
at the parabola’s focal point, several millimeters above the 
socket Wherein a conventional incandescent bulb Would be 
installed. 

[0009] There is thus a need in the art for an effective and 
optically suitable surface mountable light emitting device 
(LED) that avoids the traditional placement of the legs of the 
LED through a printed circuit board and soldering on the 
reverse side of the printed circuit board, provides su?icient 
heat dissipation, alloWs easy manufacture With minimum 
components, ensures the requirements of high poWer usage 
are met, and is optically suitable for direct installation into 
devices that use parabolic re?ectors as replacements for 
tungsten ?lament light bulbs. 

SUMMARY OF THE INVENTION 

[0010] The present invention advantageously addresses 
the needs above as Well as other needs by providing a 
surface mountable light emitting device that avoids the 
traditional placement of legs of the LED through a printed 
circuit board, and soldering of the legs to the printed circuit 
board on the reverse side of the printed circuit board, 
provides su?icient heat dissipation, alloWs easy manufacture 
With minimum components, ensures the requirements of 
high poWer usage are met, and is optically suitable for direct 
installation into devices that use parabolic re?ectors and 
replacement of tungsten ?lament light bulbs. 

[0011] In one embodiment, the invention can be charac 
teriZed as a high poWer, surface mountable light emitting 
device comprising a light emitting semiconductor chip, a 
thermally and electrically conductive lead frame connected 
to said chip and exposed over a substantial portion of the 
underside of the device, a lead Wire from said chip to a 
contact exposed at least partially on a side of said device and 
a lens over said chip. 

[0012] The lens comprises a loWer transfer section and an 
upper ejector section situated upon the loWer transfer sec 
tion. The loWer transfer section is operable for placement 
upon the light emitting semiconductor chip and operable to 
transfer the radiant emission to said upper ejector section. 
The upper ejector section is shaped such that the emission is 
redistributed externally into a substantial solid angle. 

[0013] A better understanding of the features and advan 
tages of the present invention Will be obtained by reference 
to the folloWing detailed description of the invention and 
accompanying draWings, Which set forth an illustrative 
embodiment in Which the principles of the invention are 
utiliZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above and other aspects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing more particular description thereof, presented in 
conjunction With the folloWing draWings Wherein: 
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[0015] FIG. 1 is a side cross-sectional vieW of an optical 
device according to an embodiment of the present invention; 

[0016] FIGS. 2A though 2F are side cross-sectional, top 
perspective, bottom perspective, side, top planar, and side 
elevational vieWs, respectively, of the lens of the optical 
device of FIG. 1 according to an embodiment of the present 
invention; 
[0017] FIGS. 3A and 3B are side perspective and bottom 
planar vieWs, respectively, of the optical device of FIG. 1; 

[0018] FIG. 3C is a side perspective vieW of an optical 
device according to an alternative embodiment of the 
present invention; 

[0019] FIG. 4A is a side perspective vieW of an optical 
device according to an alternative embodiment of the 
present invention; 

[0020] FIG. 4B is a bottom planar vieW of the device of 
FIG. 4A; 

[0021] FIG. 5A is a schematic of a driving circuit of an 
optical device according to an embodiment of the present 
invention; 
[0022] FIG. 5B is a schematic of a driving circuit of an 
optical device according to an alternative embodiment of the 
present invention; 

[0023] FIG. 5C is a schematic of a driving circuit of an 
optical device according to an alternative embodiment of the 
present invention utiliZing an integrated circuit; 

[0024] FIG. 6 is a side cross-sectional vieW of a light bulb 
integrating the device of FIG. 1 according to an embodiment 
of the present invention; and 

[0025] FIG. 7 is a partial side cross-sectional vieW of an 
optical device according to an alternative embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIES 

[0026] The folloWing description of the presently contem 
plated best mode of practicing the invention is not to be 
taken in a limiting sense, but is made merely for the purpose 
of describing the general principles of the invention. The 
scope of the invention should be determined With reference 
to the claims. 

[0027] Referring to FIG. 1, shoWn is a side cross-sectional 
vieW of an optical device according to an embodiment of the 
present invention. 

[0028] ShoWn is a light emitting device 1 having a main 
body portion 2 according to that described in Hong Kong 
patent application No. 031042194 ?led Jun. 12, 2003 forA 
SURFACE MOUNTABLE LIGHT EMITTING DEVICE 
AND METHOD OF MANUFACTURE, the entirety of 
Which is hereby incorporated by reference, and lens 10 
according to that described in US. patent application No. 
60/470,691 of Minano et al., for OPTICAL DEVICE FOR 
LED-BASED LIGHT-BULB SUBSTITUTE, ?led May 13, 
2003 (docket No. 3084.003), and US. Pat. No. of 
Minano et al., for OPTICAL DEVICE FOR LED-BASED 
LIGHT-BULB SUBSTITUTE, ?led Jun. 12, 2003 (docket 
3084.008), the entirety of Which is also hereby incorporated 
by reference. The main body portion 2 has a lead frame 3, 
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a further contact 4, an LED semiconductor chip 6, electrical 
connection 7, and portions of a transparent optical molded 
compound 8, 9. A lens 10 comprises a loWer transfer section 
11, an upper ejector section 12 and a conical indentation 13. 

[0029] The lead frame 3 is located in the main body 
portion 2. The LED semiconductor chip 6 is mounted on the 
lead frame 3. A further contact 4 to provide the path for 
current through the chip 6 is also provided and attached to 
the semiconductor chip 6 by an electrical connection 7 such 
as a lead bonding Wire. Preferably the LED semiconductor 
chip is a single bond pad LED, but may also be a double 
bond pad LED (Which Would require an additional cathode 
bonding Wire). The lens 10 is provided over an upper surface 
to encapsulate the semiconductor chip 6 and provide pre 
ferred optical characteristics. 

[0030] As also shoWn in this particular embodiment, the 
lens 5 and the main body portion 2 may be provided in a 
single molding step as integrally molded portions from the 
same material using a transparent optical molded compound. 
Alternatively, the lens 10 may attach to the device 1 using 
optical grade glue. To act as a lens, material used to form the 
lens 10 should be substantially transparent, although not 
necessarily completely transparent as there may be some 
desire to adapt the optical characteristics of the output of the 
semiconductor chip With the lens 10. The molding of the lens 
10 and the main body portion 2 in a single integral structure 
alloWs the transparent optical molded compound to be keyed 
into the lead frame 3 and further contact 4 by the portions of 
the transparent optical molded compound 8 and 9. This helps 
secure the lead frame 3 and further contact 4 in place in the 
?nal device With minimal need for adherence betWeen the 
transparent optical molded compound and the metal of the 
lead frame 3 and the further contact 4. 

[0031] The semiconductor chip 6 is recessed into a recess 
Within the lead frame 3 such that the sides of the recess act 
as a re?ector. The purpose of such a re?ector around the 
semiconductor chip 6 is to redirect light that may be emitted 
from the sides of the semiconductor and re?ect the light 
generally out through the transparent optical molded com 
pound 5 upWardly from the semiconductor chip 6. 

[0032] Example applications include, but are not limited 
to, replacement of incandescent lights or other luminaire 
light sources that are non-directional and pointed like an 
LED, replacement of a ?ashlight bulbs, use as exterior and 
interior automotive lights, use in miniature industrial light 
bulbs, and any other lighting applications that require use of 
a pseudo ?lament to mimic traditional luminaries. This may 
include, for example, marine control panels or dashboard 
lights, avionic cockpit panel lights and other interior lighting 
that utiliZes miniature light bulbs. 

[0033] Referring next to FIGS. 2A through 2F, shoWn are 
side cross-sectional, top perspective, bottom perspective, 
side, top planar, and side elevational vieWs, respectively, of 
the lens 10 of the optical device 1 of FIG. 1 according to an 
embodiment of the present invention. 

[0034] ShoWn are the lens 10, loWer transfer section 11, 
upper ejector section 12 and conical indentation 13. 

[0035] The lens 10 comprises a loWer transfer section 11 
and an upper ejector section 12. The lens 10 is a substantially 
transparent solid in the general shape of a prolate ellipsoid 
and is a single piece of a transparent optical molded material 
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such as acrylic or polycarbonate. The lens 10 is preferably 
a rotationally symmetric shape, larger in height than in 
diameter, but need not be so (e.g., a free form shape). The 
upper ejector section 12 is cylindrical, With a conical inden 
tation 13 on top, having a core angle of approximately 80°. 

[0036] The loWer transfer section 11 uses internal re?ec 
tion to relocate the device’s 1 emission upWard to a parabo 
la’s focal point. The upper ejector section sends the trans 
ferred light out (to a parabolic re?ector, for example), 
sideWays and doWnWard at angles to the axis extending all 
the Way to at least 135°, or a little more, (measured relative 
to a central axis of the ejector section, back toWard the 
semiconductor chip 6) depending upon the re?ector. At least 
half the ejected light should be at angles over 45° (measured 
relative to a central axis of the ejector section back toWard 
the semiconductor chip 6), in order to illuminate a re?ector 
(not shoWn) and form a su?iciently intense collimated beam. 

[0037] In order to avoid an external re?ective coating on 
the surface of the transfer section 11, its geometry must 
promote total internal re?ection. This is Why polycarbonate, 
With its higher refractive index (1.5855), is preferable to 
acrylic (1.492). Its correspondingly smaller critical angle, 
0c=sin—1(1/n), of 39.°103 vs. 42.°1, reduces the height of 
the transfer section from 23.5 mm to 11.6 mm. 

[0038] Referring next to FIGS. 3A and 3B, shoWn are 
side perspective and bottom planar vieWs, respectively, of 
the optical device of FIG. 1. 

[0039] ShoWn are the light emitting device 1, the main 
body portion 2, the lead frame 3, the further contacts 4, the 
lens 10, the loWer transfer section 11, the upper ejector 
section 12 and the conical indentation 13. 

[0040] The further contact 4 can be seen exposed on the 
side of the main body portion 2. It can also be seen in FIG. 
3B that the lead frame 3 is exposed over a substantial portion 
of the underside of the device 1. This exposure of a large 
surface area of the lead frame 3 on the underside of the light 
emitting device 1 alloWs substantial heat to be draWn 
directly from the lead frame 3 into a surface on Which the 
lead frame 3 may be mounted. 

[0041] Referring next to FIG. 3C shoWn is a side per 
spective vieW of an optical device 1 according to an alter 
native embodiment of the present invention. ShoWn is the 
light emitting device 1, main body portion 2, further contact 
4 and lens 16 comprised of an olf-axis ellipsoidal transfer 
section 17 and a spherical, di?fusive ejector section 18 
according to that described in US. patent application No. 
60/470,691 of Minano et al., for OPTICAL DEVICE FOR 
LED-BASED LIGHT-BULB SUBSTITUTE, ?led May 13, 
2003 (docket No. 3084.003), and US. Pat. No. of 
Minano et al., for OPTICAL DEVICE FOR LED-BASED 
LIGHT-BULB SUBSTITUTE, ?led Jun. 12, 2003 (docket 
3084.008). 
[0042] The outer surface of the ejector section 18 has 
di?fusive characteristics, (i.e. surface features that cause 
light to diffuse), so that each point on the ejector section 18 
has a brightness proportional to the light received from the 
transfer section 17. The advantage of this kind of ejector 
section 18 is that the multiple Wavelengths, for example, 
from a tricolor LED are mixed before they leave the ejector 
section 18. In the non-diffusive ejector section 12 discussed 
above, Which is non-di?‘usive, the color mixing may be 
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incomplete, leading to coloration of the output beam of a 
parabolic re?ector. The lens 16 comprises an off-axis ellip 
soidal loWer section 17 and an upper spherical ejector 
section 18. The upper spherical ejector section 18 is smaller 
than the transfer section 17 (i.e., having a smaller diameter 
than a middle diameter of the transfer section 17). Due to the 
smaller upper spherical ejector section’s siZe it radiates less 
in angles beyond 900 than if the upper spherical ejector 
section 18 Were larger than the transfer section 17. Such a 
upper spherical ejector section Will also act to mix the colors 
of the red, green, and blue source chips Within an LED light 
source. 

[0043] Referring next to FIGS. 4A and 4B, shoWn are a 
side perspective and bottom planar vieWs, respectively of an 
optical device according to an alternative embodiment of the 
present invention. 

[0044] ShoWn is the light emitting device 19, the main 
body portion 2, the lead frame 3, the further contacts 4, the 
LED components 21, 22, 23 and the lenses 10. 

[0045] A plurality of individual LED components 21, 22, 
23 are incorporated into a single device 19 as shoWn. Each 
individual LED component of the device 19 is structured 
and operates in the same Way as that of FIG. 1. This 
embodiment may be utiliZed Where a plurality of LEDs are 
necessary to provide a desired output from a device and 
rather than utiliZing three single LEDs ?tted individually. 
The surface mountable nature of the device 19 may provide 
advantages in placement of all LED components on a 
suitable substrate and driving mechanism such as a printed 
circuit board (PCB) While still co-joined. 

[0046] Naturally, it Will be further appreciated that the 
number of individual LEDs Within the device 19 as shoWn 
in FIGS. 4A and 4B can be 2, 3 or any other number such 
as shoWn by Way of example in FIG. 1 of Hong Kong patent 
application No. 031042194 ?led Jun. 12, 2003 forA SUR 
FACE MOUNTABLE LIGHT EMITTING DEVICE AND 
METHOD OF MANUFACTURE Which has been incorpo 
rated by reference. 

[0047] A yet further advantage of the embodiment as 
shoWn in FIGS. 4A and 4B is that different colored LEDs 
can be provided. For example, during the manufacturing 
process, a different chip may be ?tted to each individual 
LED component 21, 22 and 23. This may alloW, for 
example, a red, blue and green color arrangement through 
the use of a different color chip in each of the individual 
LED components 21, 22 and 23 so as to provide a full video 
color spectrum, or the like. It Will be appreciated that a 
variety of other color schemes are possible. 

[0048] Referring next to FIG. 5A, shoWn is a schematic of 
a driving circuit of an optical device 6 according to an 
embodiment of the present invention. 

[0049] ShoWn is a DC/DC step-up converter 25 having a 
coil 26, a resistor 27, a transistor 28, a diode 29, a capacitor 
30 and an LED 6. 

[0050] The step up converter (from IV to 4V) uses +1 
VDC to +3 VDC to drive the device 6 up to 70 Ma. The coil 
26 and the transistor 28 are used as a sWitching regulator and 
the resistor 27 is used as a current control. The diode 29 
provides a recti?er and the capacitor provides a ripple ?lter. 
In this case, a single 1.5V battery is utiliZed to drive the LED 
6. 



US 2006/0151800 A1 

[0051] Referring next to FIG. 5B, shown is a schematic of 
a driving circuit of an optical device 6 according to an 
alternative embodiment of the present invention. 

[0052] ShoWn is a light emitting device 1, an LED 6, a 
photo sensor 31, a resistor 32, a transistor 33 and a resistor 
34. 

[0053] The light emitting device 1 (in this case a surface 
mountable diode package) circuit comprises a photo sensor 
31 in die form and the LED 6 to Which a resistor 32, a 
transistor 33 and a resistor 34 are connected. This alloWs for 
the LED 6 to activate based upon varying light levels 
detected by the photo sensor. 

[0054] Referring next to FIG. 5C, shoWn is a schematic of 
a driving circuit of an optical device according to an 
alternative embodiment of the present invention utiliZing an 
integrated circuit. 

[0055] ShoWn is a light emitting device 1, an LED 6 and 
an integrated circuit control die 35. The integrated circuit 
control die 35 is operably betWeen the LED 6 and a poWer 
source, such as a 1.5 V DC poWer source, to control 
operation of the LED 6. The integrated circuit control die 35 
provides control, for example, for the LED 6 to ?ash or blink 
in a pattern. 

[0056] Referring next to FIG. 6, shoWn is a side cross 
sectional vieW of a light bulb, integrating the device of FIG. 
1 into a light bulb housing, according to an embodiment of 
the present invention. 

[0057] ShoWn is a light bulb 36 having the light emitting 
device 1 of FIG. 1 With the lens 10, the printed circuit board 
(PCB) 37, an E10 lamp base 38, the Wires 39 to the lamp 
base 38 and anode 40, an epoxy seal 41 and a glass 
encasement 42. 

[0058] The light emitting device 1, Which acts as the 
optical ?lament of the light bulb 36, is operably connected 
to the printed circuit board 37 secured at the top of the lamp 
base 38. TWo Wires 39 are operably connected each to the 
lamp base 38 and anode 40 to provide poWer to the light 
emitting device 1. The lens 10 has the inverted cone feature 
shoWn in, for example, FIG. 1 and is located inside the glass 
encasement 42 of the light bulb 36. The epoxy seal 41 is 
betWeen the glass encasement 42 and the lamp base 38. The 
light emitting device 1 may also be used in applications such 
as exterior and interior automotive lights, Wherein circuitry 
is provided in the printed circuit board to draW off a 2 amp 
current to drive the ?asher circuit of the automobile (or 
Whatever amount of current happens to required for the 
particular application). 
[0059] Referring next to FIG. 7, shoWn is a partial side 
cross-sectional vieW of an optical device according to an 
alternative embodiment of the present invention. 

[0060] ShoWn is a light emitting device 1 having a main 
body portion 2. The main body portion 2 is a variant of that 
of FIG. 1 in that it incorporates three semiconductor chips 
6, 45, 47 in one surface mountable light emitting device 1. 
The light emitting device 1 has a lead frame 3, a further 
contact 4, electrical connections 7, 46, 48, and portions of a 
compound 8, 9. A loWer transfer section 11 of the lens 10 of 
FIG. 1 is also partially shoWn. 

[0061] The lead frame 3 is located in the main body 
portion 2. A plurality (three in this case) of semiconductor 
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chips 6, 45, 47 are mounted on the lead frame 3. A further 
contact 4 to provide the path for current through the chip 6 
is also provided and attached to the semiconductor chips 6, 
45, 47 by electrical connections 7, 46, 48 such as a lead 
bonding Wires. Preferably the semiconductor chips are 
single bond pad LEDs, but may also be a double bond pad 
LEDs (Which Would require an additional cathode bonding 
Wire). The lens 10 (partially shoWn) is provided over an 
upper surface to encapsulate the chips 6, 45, 47 and provide 
preferred optical characteristics. 

[0062] As also shoWn in this particular embodiment, the 
lens 5 and the main body portion 2 may be provided in a 
single molding step as integrally molded portions from the 
same material using a transparent optical molded compound. 
Alternatively, the lens 10 may attach to the device 1 using 
optical grade glue. To act as a lens, the material should be 
substantially transparent although not necessarily com 
pletely transparent as there may be some desire to adapt the 
optical characteristics of the output of the semiconductor 
chip With the lens. The semiconductor chips 6, 45, 47 are 
recessed into recesses Within the lead frame such that sides 
of the recesses act as re?ectors. 

[0063] While the invention herein disclosed has been 
described by means of speci?c embodiments and applica 
tions thereof, numerous modi?cations and variations could 
be made thereto by those skilled in the art Without departing 
from the scope of the invention set forth in the claims. 

[0064] All references cited herein are herein incorporated 
by reference. 

What is claimed is: 
1. A high poWer surface mountable light emitting device 

comprising: 
a light emitting semiconductor chip; 

a thermally and electrically conductive lead frame con 
nected to said chip and exposed over a substantial 
portion of the underside of the device; 

a lead Wire from said chip to a contact exposed at least 
partially on a side of said device; and 

a lens over said chip Wherein the lens comprises: 

a loWer transfer section; and 

an upper ejector section situated upon the loWer transfer 
section, said loWer transfer section operable for place 
ment upon the light emitting semiconductor chip and 
operable to transfer the radiant emission to said upper 
ejector section, said upper ejector section shaped such 
that the emission is redistributed externally into a 
substantial solid angle. 

2. The device of claim 1 Wherein the loWer transfer 
section is a solid of revolution having a pro?le in the shape 
of an ellipse With a long axis parallel to an axis of revolution 
of the solid and displaced laterally therefrom so as to place 
the focus of said elliptical pro?le on the opposite side of said 
axis. 

3. The device of claim 2 Wherein the upper ejector section 
is a cylinder of the same diameter as a top diameter of the 
transfer section, said cylinder having a conical depression on 
its top surface. 

4. The device of claim 2 Wherein said lateral displacement 
substantially equals the radius of said ellipsoid at its focus. 
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5. The device of claim 1 Wherein said upper ejector 
section is a conicoid. 

6. The device of claim 1 Wherein said upper ejector 
section is a everted sphere. 

7. The device of claim 1 Wherein said upper ejector 
section is an indented section of a sphere. 

8. The device of claim 4 Wherein said upper ejector 
section is a cylinder. 

9. The device of claim 1 Wherein the upper ejector section 
has a diffusive surface. 

10. The device of claim 1 Wherein the lens has a surface 
With graded sub-Wavelength roughness for re?ective scat 
tering of said emitted light out of said device. 

11. The device of claim 1 Wherein the lens is made of 
transparent material for distributing the radiant emission of 
a light emitter, comprising an expander section for receiving 
said radiant emission and narroWing its angular range to that 
of light guiding via total internal re?ection, and a cylindrical 
ejector section for receiving said angularly narroWed radia 
tion and ejecting it by means of graded sub-Wavelength 
roughness on its surface. 

12. The device of claim 1 Wherein said lens comprises 
substantially encasement of an upper side of said chip in a 
transparent compound. 

13. The device of claim 12 Wherein said transparent 
compound forms both a lens and a portion of the body about 
the lead frame. 
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14. The device of claim 13 Wherein said transparent 
compound is keyed into the metallic lead frame and said 
contact to reduce separation. 

15. The device of claim 1 Wherein said device includes a 
re?ector cup about said chip to re?ect light from the sides of 
the chip generally into a direction extending from the upper 
surface of said chip. 

16. The device of claim 15 Wherein said re?ector cup is 
metallic. 

17. The device of claim 15 Wherein said re?ector cup 
comprises a core material With a highly re?ective metallic 
coating. 

18. The device of claim 17 Wherein said re?ective coating 
comprises chromium or silver plating. 

19. The device of claim 18 Wherein said lead frame 
comprises a substantially copper core With at least one other 
metal plating on an underside thereof. 

20. The device of claim 19 Wherein said metal plating on 
said underside of said lead frame comprises a plating of 
solder of palladium. 

21. The device of claim 15 Wherein said transparent 
compound comprises an epoxy resin. 

22. The device of claim 1 Wherein said lead Wire to said 
contact is a gold Wire. 


