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(57) ABSTRACT 

An economical miniaturized assembly and connection tech 
nology for LEDs and other optoelectronic modules is pro 
vided. A manufactured item in accordance with this technol 
ogy includes a Substrate with an optoelectronic component 
contacted in a planar manner. 

19 Claims, 2 Drawing Sheets 
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ECONOMICAL MINATURIZED ASSEMBLY 
AND CONNECTION TECHNOLOGY FOR 
LEDS AND OTHER OPTOELECTRONIC 

MODULES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage application under 35 
U.S.C. Section 371 of International Application No. PCT/ 
EP2004/052676, filed Oct. 27, 2004, which published in Ger 
man as WO 2005/050746 and which claims benefit of Ger 
man Patent Application 103 53 679.5, filed Nov. 17, 2003. 

BACKGROUND OF THE INVENTION 

In the production of individual LEDs and lighting modules 
(compact light Sources) wire bonding and soldering, or 
mounting chips with conductive glue, are predominantly used 
as technologies for electrical contact between a chip and a 
substrate. In this way, insertable components as well as LED 
arrays for lighting modules are produced. The customary 
assembly process is as follows: 

die bonding: placing of the chip(s) in a filled conductive 
glue (gluing) and hardening of the glue or 

mounting of the chip with the aid of a solder under tem 
perature and possibly pressure (Soldering/alloying), 

wire bond: electrical connection of the chip by wire con 
tact, 

encapsulation of the chip with transparent material (epoxy, 
silicone, acrylate, polyurethane, and other polymers) by 
casting or injection technology, 

producing individual parts by sawing, water-jet cutting, or 
laser separation. 

SUMMARY OF THE INVENTION 

In the development of miniaturization, Smaller and Smaller 
component heights are being demanded on the market. Along 
with this, the manufactured items must be economical and 
offer sufficient reliability. In the case of chip arrays even very 
high reliability is required. Moreover, the connection tech 
nology should offer great flexibility in order to be able to react 
quickly, flexibly, and economically to design changes. 

Proceeding from this, the objective of the invention is to 
specify modules with a Substrate and optoelectronic compo 
nents, as well as processes for their production, which satisfy 
these requirements. 

This objective is realized by the inventions specified in the 
independent claims. Advantageous developments follow 
from the subordinate claims. 

Accordingly, a Substrate has an optoelectronic component 
which is contacted thereto in a planar manner. The contacting 
is therefore no longer accomplished by thick wires, in given 
cases running at a distance from the Substrate and component, 
but rather by a planar, flat, even conducting structure approxi 
mately in the form of a copper layer. 
By virtue of contacting in a planar manner, an especially 

Small height of the module consisting of the Substrate and 
optoelectronic component can be achieved. 
The optoelectronic component can, for example, be con 

tacted by other optoelectronic components on the Substrate. 
In particular, it is contacted in a planar manner by conducting 
elements, e.g. printed conductors, of the Substrate. 

In order to run the planarcontact at as Small a distance from 
the Substrate and/or optoelectronic component as possible, 
the Substrate and/or the optoelectronic component are pro 
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2 
vided, at least partially, with an insulating layer on which the 
planar conducting structure is disposed for planar contacting 
of the optoelectronic component. 
The insulating layer can beformed by a foil, enamel, and/or 

a polymer layer. The layer can be laminated, vapor deposited, 
printed, and/or sprayed. Structuring of the insulating layer 
can be done, for example, by means of laser structuring, 
(plasma) etching structuring, inkjet structuring, and/or pho 
tostructuring. As a polymer, parylene in particular can be 
used. 

In the optoelectronic component an interaction of light 
with the environment should be possible. This can be realized 
particularly advantageously in two ways. 

In one, the insulating layer as a whole, or in particular an 
area of the light entry and/or exit opening of the optoelec 
tronic component, can be (highly) transparent. 

In the other, a window can be opened in the insulating layer 
in the area of the light entry and/or exit opening of the opto 
electronic component. The window can, e.g. if the insulating 
layer is formed by a foil, already be present in the layer before 
its application. Alternatively however, it can also be opened 
after the application of the layer by corresponding structuring 
of the layer by means of the aforementioned procedures. 

Such a window is preferably provided in the insulating 
layer also in the area of one or more electrical contact points 
of the optoelectronic component. The planar conducting 
structure can be led through the window to the contact point 
of the optoelectronic component. 

If this is planned, the insulating layer and/or the planar 
conducting structure can also cover, at least partially, a light 
entry and/or exit opening of the optoelectronic component. 

For this, the planar conducting structure is embodied to be 
reflecting so that, for example, light is reflected back into the 
optoelectronic component and can leave at another light exit 
opening. Thus, the planar contact can cause light guidance in 
addition. 
The optoelectronic component is, for example, an LED, in 

particular an OLED, and/or a photovoltaic component. As 
Substrate a printed circuitboard, a ceramic element, a Flex, in 
particular laminated on both sides with cooper, a punched or 
etched lead frame, or a layer structure can be used, as, for 
example, in the production of chip cards or flexible circuits. 

Preferably, the height of the manufactured item with a 
Substrate and an optoelectronic component is less than 0.4 

. 

In a process for producing a manufactured item comprising 
a Substrate with an optoelectronic component the optoelec 
tronic component is contacted in a planar manner. Advanta 
geous developments of the process follow analogously to the 
advantageous developments of the manufactured item and 
Vice versa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages and features of the invention can be 
inferred from the description of embodiment examples with 
the aid of the drawings. Therein 

FIG. 1 shows a section through a manufactured item com 
prising a Substrate with an optoelectronic component con 
tacted in a planar manner, 

FIG. 2 shows a section through an alternative manufac 
tured item comprising a Substrate with an optoelectronic 
component contacted in a planar manner, 

FIG. 3 shows a comparison between an optoelectronic 
component contacted in a planar manner and in a traditional 
manner in plan view, and 
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FIG. 4 shows a comparison between the optoelectronic 
component contacted in a planar manner and in a traditional 
manner in relation to the loss of light. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, several characteristics of assembly and connection 
technology will be presented. 
One or more optoelectronic components, e.g. in the form of 10 

chips, are fixed on a Substrate by gluing or Soldering. The 
electrical connection of contact points in the form of contact 
pads on the upper side of the optoelectronic components is 
then achieved through a planar contacting process. This can 
be based, for example, on the lamination of an electrically 
insulating foil and contacting by planar conducting structures 
in the form of metal structures on this foil. Instead of being in 
the form of an insulated foil, an insulated layer can also be 
produced by other processes, such as enameling, vapor depo 
sition, or printing. 

For the insulating layer in the form of insulating foil: 
Application, for example, through isostatic lamination in 

an autoclave, through the use of a hot roll laminator, or in 
a vacuum hot press. 

The foil can be transparent in the wave length range of the 
light emitted from or absorbed by the optoelectronic 
component. Then, no partial removal of the foil is nec 
essary. The foil can then also take over the protective 
function of the clear mold compound. 

If the foil is not sufficiently transparent, it can be structured 
so that the light exit on the chip flanks and/or on the 
upper side of the chip is maximized according to LED 
type. This can be done, for example, flexibly and inde 
pendent of the topography by means of laser ablation. 

By Suitable laminating processes the insulating foil can be 
made to reproduce the chip surface. With this, it can be 
achieved that there is fill insulating function to increase 
reliability even at the edges and in the corner areas. 

For contacting by planar conducting structures in the form 
of metal structures there are various possibilities: 

Electrical connection by a suitable metallization process, 
e.g. application of a thin starting layer by means of 
sputtering or vapor deposition, followed by selective 
reinforcement with currentless or galvanic deposition, 
e.g. by copper. 

The insulating foil is coated in an electrically conductive 
manner, e.g. by lamination of a metal foil. This metal foil 
is then structured before or after the lamination process. 
The connection between chip and metal structure can be 
done with raised, in particular rough, bumps on the chip 
pads by mechanical pressing or also by partial galvanic 
or currentless deposition. In this case, finishing of the 
aluminum chip pad on the wafer plane is advantageous. 

The connection can also be made by the use of preformed 
pressing tools in commercially available presses. 

The conductive metal structures can be applied by a print 
ing process. 

FIG. 1 shows a manufactured item 1 comprising a substrate 
2 in the form of an etched copper lead frame. Therein the 
copper of the lead frame is encircled with a nickel-gold plat 
ing in order to improve its soldering properties. On the Sub 
strate 2 an optoelectronic component 3 is disposed in the form 
of a chip and electrically and mechanically connected to the 
substrate 2 by the conductive glue or solder 4. 
An insulating layer 5 in the form of a foil is led over the 

substrate 2 and the optoelectronic component 3. The insulat 
ing layer 5 is opened by a window in the area of the light exit 
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4 
opening of the optoelectronic component 3. To contact the 
optoelectronic component 3, a planar conducting structure 6 
in the form of a metallization is led over the insulating layer 5 
to contact points of the optoelectronic component 3 and to a 
printed conductor 7 of the substrate 2. 
The substrate 2 with the optoelectronic component 3, the 

insulating layer 5, and the planar conducting structure 6 are 
molded into a protective mass 8 in the form of a clear mold 
compound. The manufactured item 1 is approximately 150 
um high. 
The manufactured item 1 represented in FIG. 2 corre 

sponds to that in FIG. 1 except that the insulating layer 5 is 
embodied so as to be transparent and thus runs through in the 
area of the light exit opening of the optoelectronic component 
3. Therefore, no window is open there but rather only at the 
contact points of the optoelectronic component 3 where it is 
electrically connected to the planar conducting structure 6. 
The transparent insulating layer 5 can, in particular in the area 
of the light exit opening of the optoelectronic component 3, 
contain pigments in order to color the exiting light. 

FIG. 3 shows, at the left of he figure, an optoelectronic 
component 3 contacted in a planar manner with a large central 
light exit and an edge contact which completely encircles this 
light exit and comprises a planar conducting structure 6 and 
an insulating layer concealed thereunder. Alternatively, the 
edge contact can, depending on the layout of the contact 
points of the optoelectronic component 3 and intended light 
guidance, also not be completely encircling but rather only 
run at one or more individual points to a side of the optoelec 
tronic component 3, specifically the face side opposite the 
substrate 2. 

FIG. 3 shows, at the right of the figure, an optoelectronic 
component 3 which is contacted according to the State of the 
art by 120-um wire bonding with a wire 9. As can be seen, a 
large part of the light exit opening of the optoelectronic com 
ponent 3 is covered. 
The advantages of the planar contact in light guidance 

become particularly clear in FIG. 4. There one once again 
sees at the left and on the substrate 2 the optoelectronic 
component 3 contacted in a planar manner by the insulating 
layer 5 and the planar conducting structure 6. All the light exit 
openings of the optoelectronic component 3 where a light exit 
is not desired are covered by the insulating foil 5 and the 
planar conducting structure 6. If they are embodied so as to be 
reflecting, then the light is even reflected back into the opto 
electronic component 3 until it exits at the light exit opening 
provided. 

In contradistinction to this, in the case of contacting 
according to the state of the art and represented at the right in 
FIG. 4 a large part of the desired light exit area is covered by 
the connected wire 9. Rather than there, the light exits in an 
undesired manner parallel to the substrate 2 from the sides of 
the optoelectronic component 3. 

In the case of the optoelectronic component 3 contacted in 
a planar manner on the contrary, the light exits as desired at a 
face of the optoelectronic component 3, specifically the front 
face opposite the Substrate 2, and along with this approxi 
mately perpendicular to the Substrate 2. 
The described assembly and connection technology com 

prises the following steps: 
Small-surface contacting and a variable layout make pos 

sible the largest possible light yields. 
Homogenous current distribution by selected contact con 

ductor dimensions with a high light yield as a conse 
quence. 

Ultra-thin, miniaturized structure. 
Planarcontacting makes possible thin mold mass covering. 
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Planar contacting makes possible an effective dissipation 
of heat by a cooling element mounted in a flat manner. 

Economical assembly and connection technology by 
highly parallel processing (processing in use). Manufac 
ture in the reel-to-reel process is also possible. 

No shadowing by central wire bond pads in the center of 
the chip. 

High reliability by adapted material properties, e.g. CTE 
(coefficient of thermal expansion), Tg (glass transition 
temperature), and so on. 

With suitable choice of the optical properties of the insu 
lating foil it can assume the protective function of the 
clear mold compound so that the clear mold compound 
is no longer necessary. 

The luminescent materials for the blue-to-white light con 
version can be introduced as pigments into the foil. In 
this way good control of the color coordination is pos 
sible by a precisely specified foil thickness and pigment 
concentration in the foil. 

The invention claimed is: 
1. An article of manufacture comprising: 
a Substrate having a Substrate contact; 
an optoelectronic component having a central light exit 

and/or entry and an edge contact disposed at lease par 
tially around a periphery of the light exit; 

an insulating layer partially arranged on the Substrate and 
the optoelectronic component; and 

a conducting structure arranged on the insulating layer so 
as to contact the edge contact and the Substrate contact, 

wherein a window is opened in the insulating layer in the 
area of the central light exit and/or entry of the optoelec 
tronic component. 

2. The article of manufacture according to claim 1, wherein 
the Substrate contact is a printed conductor. 

3. The article of manufacture according to claim 1, wherein 
the insulating layer comprises one or more of a foil, enamel, 
and a polymer layer. 

4. The article of manufacture according to claim 1, wherein 
in the insulating layer in the area of a contact point for the 
optoelectronic componenta window is opened through which 
the planar conducting structure is led to the contact point of 
the optoelectronic component. 

5. The article of manufacture according to claim 1, wherein 
the insulating layer contains pigments to color the light emit 
ted from or absorbed by the optoelectronic component. 

6. The article of manufacture according to claim 1, wherein 
the planar contact at least partially covers a light exit and/or 
entry opening of the optoelectronic component. 

7. The article of manufacture according to claim 1, wherein 
the optoelectronic component comprises one or more of an 
LED, an OLED, and a photovoltaic component. 
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8. The article of manufacture according to claim 1, wherein 

the substrate is one of a printed circuit board, a Flex, and a 
lead frame. 

9. The article of manufacture according to claim 1, wherein 
the height of the article of manufacture is less than 0.4 mm. 

10. A method of making an article of manufacture accord 
ing to claim 1, the article of manufacture comprising a Sub 
strate and an optoelectronic component, the method compris 
ing contacting the optoelectronic component in a planar 
a. 

11. The article of manufacture according to claim 1, 
wherein the conducting structure at least partially covers the 
light exit and/or entry of the optoelectronic component, the 
conducting structure being reflective so as to guide light. 

12. The article of manufacture according to claim 1, 
wherein the insulating layer comprises parylene. 

13. The article of manufacture according to claim 1, 
wherein the conducting structure comprises a metal foil being 
arranged by a lamination process. 

14. An article of manufacture comprising: 
a Substrate having a substrate contact; 
an optoelectronic component, said optoelectronic compo 

nent having a central light exit and/or entry and an edge 
contact disposed at least partially around a periphery of 
the light exit; and 

a conducting structure, arranged on the optoelectronic 
component and the Substrate so as to contact the edge 
contact and the Substrate contact, 

wherein the conducting structure at least partially covers 
the light exit and/or entry of the optoelectronic compo 
nent, the conducting structure being reflective so as to 
guide light. 

15. The article of manufacture according to claim 14, fur 
ther comprising an electrically insulating layer contacting the 
optoelectronic component, on which the planar conducting 
structure is disposed. 

16. The article of manufacture according to claim 15, 
wherein the electrically insulating layer has a window formed 
in an area of the light exit and/or entry. 

17. The article of manufacture according to claim 15, 
wherein the electrically insulating layer has transparent por 
tion formed in an area of the light exit and/or entry. 

18. The article of manufacture according to claim 15, 
wherein the insulating layer contains pigments for coloring 
the light emitted or absorbed by the optoelectronic compo 
nent. 

19. The article of manufacture according to claim 14, 
wherein the conducting structure is a metallic layer. 
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