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MULTI-COLOR MICRO-LED ARRAY LIGHT SOURCE  

 

CROSS-REFERENCE TO RELATED APPLICATION(S) 

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional 

Patent Application Serial No. 62/420,260, “Full color LED array light source,” filed 

November 10, 2016 and U.S. Patent Application Serial No. 15/701,450, “Multi-Color 

Micro-LED Array Light Source,” filed September 12, 2017. The subject matter of all of 

the foregoing is incorporated herein by reference in their entirety. 

 

BACKGROUND 

1. Field of the Invention 

[0002] This invention generally relates to a multi-color light source based on 

monolithically integrated micro-LED arrays, for example as may be used in applications 

requiring collimated full-color illumination.  The micro-LED arrays of different colors 

are arranged in an interleaved manner to achieve more spatially uniform color mixing.  

2. Description of Related Art 

[0003] Light emitting diodes (LEDs) are widely used in various lighting applications 

such as indicator lights, traffic signal lights, LCD back lighting, and general lighting.  For 

lighting applications that require full color adjustable lights, an integrated RGB light 

module, consisting of a separate red LED chip, green LED chip, and blue LED chip, has 

been widely adopted by the market.   

[0004] Typically, each of the red, green, and blue LED chips is independently 

controlled by its own controller.  The output light color is tuned by adjusting the amount 

of red, green, and 
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source 240.  In the physical arrangement of the LEDs 250R, 250G and 250B, the LED 

array has nine columns of pixels with each column having individual pixels of the same 

color, and columns having LEDs of different colors are interleaved with each other.  FIG. 

2B merely shows one example of the physical arrangement of the interleaved pixels.  In 

alternative embodiments, the micro-LED array can have a different physical arrangement, 

e.g., a different number of columns or rows with individual micro-LEDs.   

[0033] FIG. 2C is a top view of an example multi-color micro-LED array light 

source 270 with interleaved pixels of red, green and blue micro-LEDs 280R, 280G and 

280B in another physical arrangement, according to one embodiment.  The light source 

270 includes a thermally conductive substrate 275, an array of different color micro-LEDs 

280R, 280G and 280B integrated on the substrate, and a controller 285 electrically coupled 

to drive the array of micro-LEDs.  In this example, the LEDs are arranged to form 

diagonals of same color LEDs, as indicated by the dashed boundaries.   

[0034] FIGs. 3-10 show different examples of light modules utilizing a multi-color 

micro-LED array light source with additional optics to improve the angular distribution of 

the light produced.  In these examples, a typical goal is to collimate the output light (i.e., 

to reduce the angular divergence of the output light) without compromising the spatial 

uniformity of the collimated light field.  In one approach, light produced by the micro-

LEDs that is within a central divergence cone (i.e., propagating parallel to the optical axis 

or within a certain number of degrees of the optical axis) is collimated by one set of optics, 

such as a collimating lens.  The other light that is produced by the micro-LEDs at more 

oblique angles is collimated by a different set of optics, such as a reflector.  
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cross-section view of the light module using the refractive optics.  This light module 

includes a multi-color micro-LED array light source 410 surrounded by refractive optics 

420.  It also includes a heatsink 430, with the light source 410 positioned on the heatsink.  

In this design, the refractive structure 420 is solid, rather than using an air space about the 

light source 410.  The sidewalls of the refractive structure 420 reflect a portion of the 

output light from the light source 410.  For example, light beam 440B is reflected by the 

side of the refractive optics 420, and its divergence angle is reduced from angle 432 to 

angle 434.  The reflection could be due to total internal reflection, or it could be because 

the sidewall is coated with a reflective material.   

[0038] FIGs. 5A-5B are cross-section views of yet additional example light modules 

500,550 utilizing passive collimation optics 520,570, according to various embodiments.  

These designs are similar to the designs in FIGs. 3A-3C and FIGs. 4A-4C.  They both 

include a multi-color micro-LED array light source 510,560 mounted on a heatsink 

540,590.  Each also has passive collimation optics 520,570.  However, the shape of the 

collimation optics 520,570 are different.  The shape of theoptics 520,570 is generated by 

rotating a curve (rather than a line segment) around the central axis.  In one design, these 

can be non-imaging optics that efficiently convert the widely diverging light produced by 

the relatively small light source 510,560 into maximally collimated light (with a narrower 

divergence angle) emerging from the full aperture of the non-imaging optics.  In this 

design, light beams may reflect off the side of the reflector 520,570 multiple times. 

[0039] FIGs. 6-10 show further enhancements to the light module shown in FIG. 5A.  

In FIG. 6, the light module includes an additional collimation structure 620 for collimating 

the central light beams 630 produced by the light source 510.  The light source 510 is 

immersed within the additional collimation structure 620.   
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design, rays that strike surface 827 are collimated because the light source 510 is located at 

the focal point of that surface.  Rays that strike surface 828 are not altered because the 

light source 510 is located at the center of that surface.  These oblique beams are 

subsequently collimated by the surrounding reflective optics, i.e. a reflective cup.  The 

light extraction efficiency of the multi-color micro-LED light source in FIG. 8 is increased 

due to the immersion in a high-refractive-index medium. 

[0043] FIG. 9 shows an approach using reflective optics 920.  Here, reflective 

surfaces 920A-920B collimate the central light beams 930.  In FIG. 10, a microlens array 

1020 are used to collimate the central light beams 1030. 

[0044] Although the detailed description contains many specifics, these should not 

be construed as limiting the scope of the invention but merely as illustrating different 

examples.  It should be appreciated that the scope of the disclosure includes other 

embodiments not discussed in detail above.  Various other modifications, changes and 

variations which will be apparent to those skilled in the art may be made in the 

arrangement, operation and details of the method and apparatus disclosed herein without 

departing from the spirit and scope as defined in the appended claims.  Therefore, the 

scope of the invention should be determined by the appended claims and their legal 

equivalents. 

 


