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METHOD OF FORMING LIGHT EMITTING DEVICE WITH DIRECI' CONTACT LENS



SUMMARY OF THE INVENTION



BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a method of forming a light emitting device with a direct contact lens struc ture and, more particularly, to a method of directly



depositing a liquid epoxy lens material onto the emitting device. The epoxy will naturally flow to assume a con



vex shape and completely encapsulate the device and a substantial portion of its associated mounting structure. 2. Description of the Prior Art Semiconductor light emitting diodes have found ev er-increasing use as replacements for ?lament bulbs in a



wide variety of applications. Their small size, low power consumption and long life make them attractive



The problem remaining in the prior art has been solved in accordance with the present invention which 5 relates to a method of forming a light emitting device with a direct contact lens structure and, more particu



larly, to a method of directly depositing a liquid epoxy lens material onto the emitting device. The epoxy will naturally flow to assume a convex shape and completely



encapsulate the LED and a substantial portion of its associated mounting structure. It is an aspect of the present invention to provide an



LED assembly which is applicable to large-scale manu facture. In accordance with the present invention, large arrays of surface-mounted LEDs may be formed during a single manufacturing cycle. The lenses for these de vices are deposited on the array of mounts at the end of



the assembly process. Another aspect of the present invention is the ability



for such uses as indicator lamps in key telephone sets 20 to tailor the shape of the mount to individual require and switchboards. Careful consideration must be given ments, since the process of forming the lens on the diode in such uses for distributing the light to produce maxi is independent of the shape of the mount. Various mum impact on the viewer. Of the light emitted by a pm shapes including square, round, rectangular, being a few junction, only a small fraction exits through the surface examples. of the diode, due to the “critical angle" of the diode 25 Yet another aspect of the present invention is to pro material whereby most of the light becomes re?ected vide a simple and efficient method of modifying the_ and absorbed within the diode material. In this regard, manufacturing process to create LEDs with different the small size of the diode (approximately 11 mils on color lenses. each side) is a drawback since light is emitted from too Other and further aspects of the present invention small of an area for good viewing. To overcome this 30 will become apparent during the course of the follow problem, it is necessary to spread the light over a larger ing discussion and by reference to the accompanying area while maintaining a sufficient brightness. This may drawings.



be accomplished, for example, by placing the LED



within a cavity which has formed therein a plurality of BRIEF DESCRIPTION OF THE DRAWINGS spherical lenses as disclosed in U.S. Pat. No. 4,013,915 35 Referring now to the drawings, where like numerals issued to W. H. Dufft on Mar. .22, 1977. The lens ar represent like parts in several views: rangement thus produces an array of discrete images FIG. 1 illustrates an LED assembly with a direct which, when combined, enhance visibility and permit contact lens formed using the method of the present



good off-axis viewing. Although this arrangement does indeed improve the attributes of the LED, large scale production of LEDs with the plural spherical structure would be extremely time-consuming and expensive. An alternative arrangement is disclosed in U.S. Pat. No. 3,805,347 issued to N. E. Collins et al on Apr. 23,



invention; FIG. 2 illustrates an exemplary LED mount without a lens and an associated structure used inthe method of



the present invention to deposit the lens material on the mount; and



FIG. 3 illustrates an array of LED mounts and a 1974. In the Collins et al arrangement, an epoxy mate 45 deposition apparatus capable of simultaneously forming rial with a convex mensicus surface is placed over the an array of lenses in accordance with the method of



diode element. This epoxy material functions both to



increase the critical angle of the diode (and hence the amount of light emitted from the diode) and also to focus this increased amount of light toward the lens, the lens being removed a substantial distance from the sur face of the diode. As a variation of this technique, a



present invention. DETAILED DESCRIPTION An exemplary embodiment of an LED assembly 10 formed using the method of the present invention is illustrated in FIG. 1. A light emitting diode 12 is shown



viscous monomer is placed in the lens cap, prior to the and may comprise a gallium phosphide (GaP) chip lens cap being ?tted onto the diode. When mated, the which emits light in response to an applied bias. The viscous material will deform by gravity to surround the 55 chip usually comprises n-type GaP upon which is diode and form a conical light director between the grown a layer of p-type 6a? which includes dopants of diode and the lens. zinc and oxygen to provide recombination centers. Although these and other prior art techniques have However, it is to be understood that any suitable com



been helpful in improving the quality of LEDs. their use pound may be utilized to form the light emitting device. in large volume production is limited, since a number of 60 Further, diode 12, which may also be referred to as the processing steps are required to form this additional “die” or “chip”, is illustrated as a single block for the material over the diode and to subsequently place the lens cap over the arrangement, where alignment be tween the lens and the diode is an important consider



sake of simplicity. Electrical contact is made to the bottom of diode 12 by a metal contact 14, as shown in



FIG. 1. LED assembly 10 includes a base 16, which



ation. Therefore, a need remains in the prior art for an 65 may be a thermoplastic, or other insulating material. LED assembly with the required characteristics de Metal contact 14 is mounted on the top major surface of scribed above which can be produced in a large-scale base 16, where contact 14 may be adhered to base 16 manufacture environment. with an epoxy material. The remaining electrical con
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nection to the top of diode 12 is made by a metal contact 18, also referred to as a ribbon contact 18, which is



18. As soon as contact is made, deposition apparatus 30 is raised, and the droplet of epoxy 36 will adhere to the



connected to a metal contact 20 attached to base 16 as



ate light emission. In accordance with the present in



diode assembly. Droplet 36 will then ?ow to com~ pletely encapsulate diode 12 as well as contact 14 and 18. A substantial amount of the epoxy will also cover contact 20 and the top major surface of base 16, as can



vention, a lens 22 is formed over base 16 so as to encap



be seen by reference to the completed structure in FIG.



sulate the entire arrangement. This lens structure of the present invention differs signi?cantly from prior art



1. To complete the manufacturing process, assembly 10



shown. Positive and negative signals may then be con nected to leads 20 and 14 to activate diode 12 and initi



is cured to harden the lens material, where lens 22 will arrangements where the lens is formed in a separate cap O naturally assume the required convex lens structure. piece which is mounted on base 16. In these prior art Utilizing this technique of forming the lens on the arrangements, therefore, the lens will be separated from diode assembly, it is fairly simple to form a large array the diode by the internal cavity between the diode and of diodes in a single manufacturing step. One such ar the lens cap. In contrast, the arrangement of the present rangement is illustrated in FIG. 3, which shows for the invention utilizes a lens which is in initimate contact sake of simplicity a 3X3 diode array 10. ln'the actual with the diode. Further, as will be discussed in detail practice of the present invention, arrays of the size hereinafter, the lens is formed by dropping a liquid 100x 100 can easily be formed. Each individual diode epoxy material onto the surface of base 16 and allowing assembly illustrated in FIG. 6 is identical to that of FIG. the epoxy to flow to conform to the top surface shape of 1, where subscripts have been added to the numerals base 16. Any suitable epoxy material may be utilized to 20 simply to de?ne the placement of the individual diodes form the lens encapsulant, so long as the refractive in the rows and columns of the array. The lens material index of the liquid is greater than unity. may be deposited on this array assembly using a deposi The arrangement illustrated in FIG. 1 comprises a tion apparatus 50 as shown, which includes an array of



square-shaped base 16. However, base 16 may comprise vertical pins 521,1 through 523,3, disposed as shown such any desired shape (for example, round or rectangular) 25 that each pin is associated with a separate diode ele . where, as stated above, lens encapsulant 22 will natu



ment. As with the above-described single lens manufac



rally ?ow to conform with the structure. In accordance with its natural viscosity, the lens material will retain



ture procedure, deposition apparatus 50 may be dipped



convex lens structure necessary to direct the light trans



structure. The two-step motion of lowering and then



into an epoxy bath and then transferred to the array



mission from diode 12. Once the lens material has suf? 30 raising structure 50 will thus form an array of lens en



ciently covered both diode 12 and base 16, assembly 10 is cured to harden the lens material. Compared with prior art arrangements, the lens structure of the present



invention will naturally comprise a lower pro?le, since



capsulants over diode assembly 40. For this particular arrangement, alignment between the diode array and the deposition apparatus may be assured by performing all of the manufacturing steps in the same mounting



the lens is in direct contact with the diode. This lower 35 ?xture, where a set of mounting pins 54 and 56, as



pro?le provides a signi?cantly increased horizontal



shown in FIG. 3, will ensure adequate alignment. viewing angle, denoted a in FIG. 1, where an angle of What is claimed is: > ' . approximately 75 degrees may be obtained. Addition 1. A method of forming a direct contact lens on a ally, as will be discussed in detail hereinafter, the proce semiconductor light emitting device assembly compris dure of forming a large array of LED assemblies utiliz 40 ing the steps of: ing the method of the present invention is greatly sim a. lowering a deposition apparatus including a down pli?ed over that of the prior art. wardly extending vertical pin into a path of a liquid In fact, utilizing the method of the present invention lens material; allows for arrays of LEDs to be formed during a single . removing said deposition apparatus from said bath manufacturing cycle. To form these LED arrays, a 45 so that a drop of lens material adheres to said verti unique method of forming the lens encapsulate on the cal pin; diode base has been developed. In particular, a deposi c. lowering said deposition apparatus over said semi tion apparatus 30. as shown in FIG. 2, is utilized which conductor light emitting device so that said drop of includes a vertical pin 32 extending downward from the lens material contacts a top portion of said semi



bottom major surface of deposition apparatus 30. As 50 shown in FIG. 2, pin 32 may comprise a tapered section 34 at its tip. After the electrical contacts have been made to diode 12, where the attachment of ribbon 18 is usually the last step in this process, deposition apparatus 30 is dipped into a bath of epoxy material (not shown) and subsequently removed so that a small amount of the epoxy will adhere to the tip of pin 32, shown as epoxy droplet 36 in FIG. 2. It is to be understood that any liquid epoxy material with an index of refraction greater than 1 may be used in forming the bath required to



conductor light emitting device; . raising said deposition apparatus in a manner such



that said drop of lens material adheres to said de vice and flows to substantially cover both said device and a mounting structure holding said de vice to form the direct contact lens for said semi



conductor light emitting device; and e. curing said light emitting device assembly to harden the direct contact lens in its ?nal form. 2. The method of claim 1 in which the vertical pin comprises a tapered tip section so as to allow a suf?cient



practice the present invention. In fact, different color amount of lens material to adhere to said vertical pin to LEDs may easily be formed in accordance with the provide substantial coverage of both the semiconductor present invention simply by having a number of differ light emitting device and the mounting structure. ent baths (for example, red, yellow, and green) all avail 3. The method of claim 1 wherein the bath of liquid able for use. Using the method of the present invention, 65 lens material comprises a liquid epoxy material with a deposition apparatus 30 is placed over base 16 and low refractive index greater than 1. ered in the direction shown by the arrows in FIG. 2 such that the tip of pin 32 comes in contact with ribbon



4. A method of forming a plurality of lenses on an



associated plurality of semiconductor light emitting
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devices included in a device assembly, the method com-



ated semiconductor light emitting device and ?ows



prising the steps of: a. lowering a deposition assembly including a plurality of downwardly extending vertical pins into a bath of liquid lens material; 5 b. removing said deposition assembly from said bath so that a drop of lens material adheres to each pin



to substantially encapsulate the semiconductor light emitting device and a portion of an associated mounting structure; and e. curing said light emitting device assembly to harden said plurality of lenses in their final form. 5. The method of claim 4 wherein the plurality of



of said'plurality of downwardly extending vertical



light emitting devices is arranged in an array con?gura



pins;



tion.



c. lowering said printing structure over said plurality l0 6. The method of claim 4 wherein each pin of the of semiconductor light emitting devices so that plurality of downward extending vertical pins com each drop of lens material contacts a separate one prises a tapered tip section.



of said plurality of semiconductor light emitting



7. The method of claim 4 wherein the liquid lens



devices; material comprises a liquid epoxy material with a re d. raising said deposition assembly in a manner such 15 fractive index greater than 1. that each drop of lens material adheres to its associ-
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