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A high poWer LED lamp has a GaN chip placed over an 
AlGalnP chip. A re?ector is placed between the tWo chips. 
Each of the chips has trenches diverting light for output. The 
chip pair can be arranged to produce White light having a 
spectral distribution in the red to blue region that is close to 
that of daylight. Also, the chip pair can be used to provide an 
RGB lamp or a red-amber-green traf?c lamp. The active 
regions of both chips can be less than 50 microns aWay from 
a heat sink. 
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FIG. 11' 
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FIG. 12 
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Fig. 21 



Patent Application Publication Jan. 17, 2013 Sheet 15 0f 18 US 2013/0015484 A1 

,/// , 
IUU 

FIG.22 



Patent Application Publication Jan. 17, 2013 Sheet 16 0f 18 US 2013/0015484 A1 

421 )I\ 435 
.r\ . 

L 200 { 
I 300 f 

?\ A FIG. 23 410 

\ 433 

432 
431 

494 \ 
\ lr'x‘ \ 
\j '\ 

i’ ;’ ‘a 
/' I. 

1 1 I \\ I l i 

400 450 500 550 600 650 700 

FIG. 24 

400 450 500 550 600 650 700 

FIG. 25 



Patent Application Publication Jan. 17, 2013 Sheet 17 0f 18 US 2013/0015484 A1 

XQMQQ 
\ \ W \ \\ 

\ \\/ \ ’\“ \/¢\\§\\ 
QQV/QQ 

§\§l/ FIG. 26 T i 

471 472 473 471 

8 86 G Y O R 

491 

400 450 500 550 600 650 700 

451 46‘ 465460 FIG.28 



Patent Application Publication Jan. 17, 2013 Sheet 18 0f 18 US 2013/0015484 A1 

A A 4 
495 492493 492 

F I6. 30 

A nm 
1 1 

400 450 500 550 600 650 700 

F|G.31 
(Prior Art) 

I l 

400 450 500 550 600 650 700 



US 2013/0015484 A1 

LED LAMPS 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0001] The present invention is related to colored and White 
LED lamps. A purpose of the present invention is to provide 
a single-chip LED lamp that is up to 250 times more more 
powerful than a conventional single-chip LED lamp. Another 
purpose of the invention is to provide a tWo-chip White LED 
lamp that is up to 250 times more poWerful than a conven 
tional single-chip White LED lamp. 
[0002] Existing single-chip LED lamps are generally of 
loW input poWer, typically 40-150 milliWatts. 
[0003] Designers of lamps for outdoor use have had the 
choice mainly of incandescent tungsten light sources, gas 
discharge light sources, and LED light sources. Designers of 
LED-based lamps requiring high poWer have had to resort to 
using clusters of single chip LED lamps, each of about 0.1 
Watt rating, Wired in series or in parallel and housed together 
as a single lamp unit to achieve enhanced poWer. Providing a 
lamp unit by clustering single-chip LED lamps is very costly, 
since it involves making several single-chip lamps, housing 
them in a unit, Wiring them up, and testing the ?nal unit. U.S. 
Pat. Nos. 5,382,811 and 5,632,551 provide examples ofclus 
ter lamps. 
[0004] Applications for high poWer LED colored lamps 
include outdoor displays, Which usually have to operate in 
direct sunlight and so require poWerful lamps, and vehicle 
lights and traf?c lights. At present long-life LED traf?c lights 
for use at street intersections need more than a hundred con 

ventional single-chip LED lamps for each lamp unit. The 
need to use many LED lamps to provide a single LED tra?ic 
light is a disadvantage, particularly since only one tungsten 
light source is needed for a conventional tra?ic light. 
[0005] Current blue-green LED tra?ic lights rely on gal 
lium nitride (GaN) LED technology; Whereas amber and red 
tra?ic lights rely on aluminum gallium indium phosphide 
(AlGaInP) technology. It is an object of this invention to 
provide high poWer single chip LED lamps in both of these 
technologies. 
[0006] Applications for high poWer LED White lamps 
include vehicle headlights and reverse lights, vehicle internal 
lights, torches and other battery poWered lighting devices. 
White single chip LED lamps are available, but they are 
typically of only about 0.1 Watt, unless they are cluster lamps. 
Furthermore, they rely on a GaN chip that generates ultravio 
let or blue light. All or most of this generated light energy has 
to be converted, using ?uorescent material, into longer Wave 
length components to produce the White light. The light con 
version results in loss of light energy. FIG. 31 illustrates the 
typical spectral distribution of the White light produced. This 
is quite different from the spectral distribution of daylight, 
Which is represented by dotted line 437. 
[0007] Prior art single-chip LED lamps having clear con 
vergent lenses, used Widely in outdoor displays, suffer not 
only from the fact that they are of loW poWer but also from the 
fact that they project light that is not uniform. The non 
uniformity is partly due to the bonding pad or pads on the chip 
top face, Which are projected by the lamp as dark areas. The 
typical Width of the bonding pad is about 30-40% of the Width 
of the chip and this is large enough to interfere With achieving 
good uniformity of projected light even if the LED lens is 
defocussed relative to top face of the chip. For good quality 
image displays it is desirable to match the apparent bright 

Jan. 17, 2013 

nesses of the vieWed lamps to Within 5%. To achieve this it is 
important to reduce the non-uniformity caused by the bond 
ing pads. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
single-chip LED lamp that avoids or reduces the need for 
clustering. 
[0009] A further object of the present invention is to pro 
vide a single chip LED lamp arranged so that light emitting 
portions of the chip are adjusted to be equalised in intensity. 
[0010] A further object of the present invention is to pro 
vide a single chip LED lamp in Which the siZes of the bonding 
pads relative to the siZe of the chip are reduced, so as to 
improve uniformity of light projected by a lensed lamp. 
[0011] A further object of the present invention is to pro 
vide a single chip LED lamp, With input poWer in the region 
of 5-25 Watts, that has loW rise of the junction temperature 
When energised, thus prolonging the life of the lamp and 
reducing or eliminating the need for forced ventilation of the 
lamp. 
[0012] A further object of the present invention is to pro 
vide a single chip LED lamp arranged so that light emitting 
portions of the chip that are faulty, by draWing more than their 
fair share of current, are starved of electrical poWer. 
[0013] A further object of the present invention is to pro 
vide a single chip AlGaInP lamp of high poWer, avoiding the 
need for clustering lamps for an amber or red street traf?c 
light. 
[0014] A further object of the present invention is to pro 
vide an AlGaInP LED chip for an LED lamp that does not 
require a thick (and therefore costly) WindoW layer, either 
above or beloW the active region, for ef?cient light extraction. 
[0015] A further object of the present invention is to pro 
vide a White light lamp based on just tWo LEDs one of Which 
has an AlGaInP active region. 
[0016] A further object of the present invention is to pro 
vide a White light lamp having a spectral distribution close to 
that of daylight. 
[0017] A further object of the present invention is to pro 
vide a high poWer RGB lamp that is based on tWo chips one of 
Which has an AlGaInP active region. 
[0018] According to an aspect of the invention an LED 
lamp includes an LED chip having a top face and comprising 
a substrate and semiconductor layers betWeen the top face and 
the substrate, the semiconductor layers forming the core of a 
light guide extending parallel to the plane of the top face. The 
chip includes at least one cavity With light-emitting side Walls 
that extends into at least one of the semiconductor layers. The 
chip converts guided light in the core into top light. According 
to another aspect of the invention guided light in the core is 
extracted With the aid of re?ectors that are parallel to the 
semiconductor layers. According to yet another aspect of the 
invention metal tracks connected to the n-type semiconductor 
layer are provided that enhance the e?iciency of the lamp. 
[0019] According to another aspect of the invention an 
LED lamp includes a chip comprising at least tWo light emit 
ters each having a triangular top face, the tWo emitters being 
separated by a trench. 
[0020] According to another aspect of the invention a single 
chip LED lamp Which can have input poWer of 5-25 Watts 
includes an LED chip having a top face and comprising a 
substrate and semiconductor layers betWeen the top face and 
the substrate, the semiconductor layers forming the core of a 
























