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[57] ABSTRACT

An optoelectronic device component package comprises an
optical element having a plano surface with a pattern of
¢lectrical conductors thereon, a photoelectric die having an
optically active portion and die bond pads, and a printed
circuit board having a pattern of electrical conductors
thereon and further having an aperture for receiving the die.
The die is aftached to the plano surface of the optical
clement such that the die bond pads are electricaliy con-
nected to corresponding electrical conductors of the optical
elements. The circuit board is attached to the plano surface
of the opticat element and the eiectrical conductors of the
circuit board are electrically connected to corresponding
conductors of the optical element. A protective means
affixed to the die, the plano surface of the optical element,
and a portion of the circuit board protects the device
package. The die can be (1) an emitter or detector die for
camera autofocus applications; or (2) a photometer die for
exposure control applications.

18 Claims, 4 Drawing Sheets
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1

OPTOELECTRONIC DEVICE COMPONENT
PACKAGE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Inventicon

The invention relates generally to optoelectronic devices
and, more particularly, to optoelectronic device component
packages and methods of making the same.

2. Description of the Related Art

Optoelectronic devices typically comprise an optical sys-
tem located in front of a photoelectric device. The optical
system can be a lens. The photo-active device can be a
light-emitting device or a light-detecting device. The pho-
toelectric device generally comprises a photoelectric die
having a light-sensitive or light-emitting region thereon. The
photoelectric die includes die bond pads for electrically
connecting thereto. Bond wires are used to connect the die
bond pads to a lead frame. The photoelectric die, bond wires,
and lead frame are encased in a plastic or ceramic material.
The optoelectronic device package typically comprises a
housing for supporting and locating the lens in front of the
photoeiectric die.

A disadvantage of the prior art optoelectronic devices is
expense, the requirement of bond wires, and the difficulty of
accurately locating the optical system in front of the pho-
toelectric device.

For instance, Japanese Laid-Open patent publication No.
62-21282 shows a photoconductive detector. The photocon-
ductive detector includes a lens bonded to a semiconductor
layer having opposing electrodes formed in contact with the
layer. The lens focuses upon a portion of the available light
sensitive area of the detector. One disadvantage of this
detector is that it requires traditional bonding techniques,
that 1s, it requires bond wires. In addition, the photoconduc-

tive detector must be packaged for use. This adds additional
manufacturing costs.

In another Japanese I.aid-Open patent publication, No.
60-153184, a light receiving element is shown. The light
receiving element includes a photoelement chip fixed to a
lower surface of an insulating glass. Electrodes are formed
onto the lower surface of the glass. A drawback to the light
receiving element 1s that it requires traditional bonding
techniques. That is, a bond wire 1s required to connect the
photoelement chip to an electrode. Thus, in its manufacture,
a bond wire must be located to an electrode for each device
which adds cost to the manuiacture of the device. Further-

more, external lead wires are used for electrically connecting |

the light receiving element {0 an external circuit which also
increases the cost of using such a device.

In yet another Japanese Laid-Open patent publication, No.
59-198770, a photo receiving electronic device is shown. In
the device, a photo receiving element is mounted by a flip
chip technique onto a transparent substrate. A drawback of
the photo receiving electronic device is that it 1s not pack-
aged 1n a ready-for-use form therefore increasing the cost of
its use. Furthermore, the transparent substrate of the device
provides no significant lens effect, thus, in situations requir-
ing a lens effect an external lens is required.

U.S. Pat. No. 4,843,036 to Schmidt el al shows a method
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of encapsulating an electronic device on a substrate. The
electronic device 1s attached to the substrate and bond wires
are used to connect bond pads of the electronic device to
electrical conductors formed on the substrate. An optically
clear encapsulant is dispensed over the electronic device and
the bond wires, encapsulating the device. Upon curing the
encapsuiant, a lens-like element is produced. The encapsu-
lated device shown in Schmidt et al suffers from the disad-
vantage that bond wires are required. Use of bond wires
increases the succeptability of the device for failure during
its manufacture and also adds cost. Furthermore, the lens-
like element produced may not be of sufficient quality for a
particular application.

It would thus be desireable to provide an optoelectronic
device component package, and methods of making the
same, wherein the device package 1s efficient and rehable. It
would be further desireable if the device package could be
cost effective in its manufacture and its use.

OBJECTS OF THE INVENTION

The principal object of the present invention 1S to provide
an efficient and reliable optoelectronic device package.

Another object of the present invention is to provide a cost
effective method of manufacturing an optoelectronic device
package, without the use of traditional bonding techniques.

Another object of the present invention is to provide a cost
effective optoelectronic device package.

Still another object of the present invention 1s to provide
an optoelectronic device component that is in ready-for-use
condition, without the need for traditional bonding tech-
niques.

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment of the present
invention, an optoelectronic device package comprises an
optical eclement having a plano surface with a pattern of
electrical conductors thereon, a photoelectric die having an
optically active portion and die bond pads, and a printed
circuit board having a pattern of elecirical conductors
thereon and further having an aperture for receiving the die.
The die is attached to the plano surface of the optical
element such that the die bond pads are electrically con-
nected to corresponding electrical conductors of the optical
element. The circuit board 1s attached to the plano surface of
the optical element and the electrical conductors of the
circuit board are electrically connected to corresponding
conductors of the optical element.

In an alternate embodiment according to the invention, a
protective means affixed to the die, the plano surface of the
optical element, and a portion of the circuit board protects
the device package. The die can be (1) an emitter or detector
die for camera autofocus applications; or (2) a photometer
die for exposure control applications.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims defining the
features of the invention that are regarded as novel, it is
believed that the invention, together with further objects
thereof, will be better understood from a consideration of the
following description in conjunction with the drawing fig-
ures, in which like reference numerals are carmied forward,
and in which:

FIG. 1 1s a cross-sectionai view of an optoelectronic
device package in accordance with a preferred embodiment
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of the invention;

FIG. 2 is a top perspective view of an optical element used
in the optoelectronic device package of the present inven-
tion.

FIG. 3 depicts a front surface view of a photoelectric die
used in the optoelectronic device package of the present
invention.

FIG. 4 is a cross-sectional view of an optoelectronic
device package 1n accordance with an alternate embodiment
of the 1invention;

FIG. 5 is a top perspective view of the optoelectronic
device package in accordance with the present invention;

FIG. 6 is a cross-sectional view of an optoelectronic
device package in accordance with an alternate embodiment
of the invention; and

FIG. 7 1s a cross-sectional view of an optoelectronic
device package in accordance with an alternate embodiment
of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, a cross-sectional view of an
optoelectronic device package 10 according to the present
invention is shown. In this embodiment, the optoelectronic
device package 10 comprises an optical element 12, a
photoelectric die 14, and a printed circuit board 16. An
optoelectronic device component according to the invention
comprises optical element 12 having die 14 attached thereto.
Optical clement 12 is representative of a prime imaging
system. Light entering a front surface 21 of element 12
converges onto plano surface -20 to form an image. For
example, a destred field of view (or field coverage) may
correspond to the lateral size of an area designated by A. In
a like manner, light emanating from area A is collimated as
it exits front surface 21.

Referring now to FIG. 1 and FIG. 2, optical element 12
includes refractive surface 21 and plano surface 20. Refrac-
tive surface 21 may be aspherical. Optical element 12 may
be manufactured by injection molding techniques well
known in the art. The focal length of optical element 12 is
designed to provide a desired image size, designated by A,
such that appropriate coverage of optically active area 30 of
die 14 is obtained. In a preferred embodiment, plano surface
20 includes raised bumps 24 and 26. Raised bumps 24 and
26 are formed in plano surface 20 during the injection
molding process of making element 12.

- Electrical conductors 22 can be formed onto plano surface
20 via vacuum deposition techniques known in the art. Plano
surface 20 is appropriately masked and conductive material
1S deposited thereon. Electrical conductors 22 are formed
such that each conductor 22 overlays a first and a second
bump, 24 and 26, respectively. An advantage of conductors
22 overlaying bumps 24 and 26 is the elimination of separate
conductive bumps at electrical contact points. Such conduc-
tive bumps are formed via a process known as conductive
bumping, to be explained subsequently. Simultaneously
with the forming of conductors 22 is the forming of fiducial
mark 23, using the conductive material. Fiducial mark 23
provides a positioning reference for positioning die 14 and
circuit board 16 onto element 12.

Photoelectric dies are well known in the art. Die 14 is
representative of a photo detector die or a light emitting die.
Making reference now to FIG. 1 and FIG. 3, photoelectric
die 14 comprises an optically active portion 30 and die bond
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pads 32. The optically active portion 30 and the die bond
pads 32 are located on a same side of die 14. Optically active
portion 30 can be a light receiving portion for receiving light
or it can be a light emitting portion for transmitting light.
Furthermore, optically active portion 30 can comprise
numerous optically active portions.

Die 14 1s attached to plano surface 20 of element 12 via
an optically transparent non-conductive adhesive 28. Die
bond pads 32 electrically connect die 14 to conductors 22 at
first bumps 24, wherein, conductors 22 at bumps 24 repre-
sent electrical contact points. Adhesive 28 is non-conductive
and comprises a curable adhesive having optical grade, high
transmission properties. Adhesive 28 also has the properties
of being a low viscosity fast curing adhesive. A variety of
curing methods are available depending upon the adhesive
used, for example, such methods may include but are not
limited to thermal, radiation, or chemical catalyst curing.

Adhesive 28 may be radiatively curable, for example, com-
ercially available adhesive product UV-311, from. Emer-
son & Cumming. Adhesive 28 may be selectively screened
onto plano surface 20 of element 12, whereby points of
electrical connection or electrical contact points on the plano
surface 20 are left uncovered by the adhesive.

Turning again to FIG. 1, printed circuit board 16 com-
prises a circuit board having a circuit pattern (not shown)
and electrical conductors 34 thereon. Circuit board 16 can be
either a rigid circuit board or a flexible circuit board,
wherein circuit board 16 is manufactured by techniques
known in the art. Circuit board 16 further includes an
aperture 36 for receiving die 14. Circuit board 16 is attached
16 the plano surface 20 of optical element 12 via adhesive
28, wherein die 14 is received within aperture 36. Electrical
conductors 34 electrically connect board 16 to conductors 22
second bumps 26, wherein, conductors 22 at bumps 26
represent electrical contact points, also.

Referring now to FIG. 4, optoelectronic device package
10 includes a protective means 38. Protective means 38
protects a back surface of die 14, a portion of plano surface
20, and a portion of circuit board 16. Protective means 38
comprises a protective material attached to die 14, plano
surface 20, and board 16. Protective means 38 is preferrably
opaque but may also be transparent. The protective material
1s non-conductive and comprises a low viscosity curable
material. A variety of curing methods are available depend-
ing upon the adhesive used, for example, such methods may
include but are not limited to thermal, radiation, or chemical
catalyst curing. Protective means 38 may be, for example,
commercially available encapsulant material Dexter Hysol
product EO 1061. Protective means 38 can also be a physical
cap attached to circuit board 16, overlaying die 14, a portion
of plano surface 20, and a portion of board 16. A top

perspective view of optoelectronic device package 10 is
shown in FIG. S.

In an alternate embodiment shown in FIG. 6, optoelec-
tronic device package 10 is similar to that shown in FIG. 4
with the following differences. Plano surface 20 comprises
a flat surface having no bumps therein. Electrical conductors
23 are formed on the plano surface 20. Each electrical
conductor 23 has first and second conductive bumps, 25 and
27, respectively, formed thereon. Conductive bumps 25 and
27 are formed by a process known in the art as conductive
bumping, wherein a bump of conductive material is formed
upon a conductor or a conductive contact point. Die bond
pads 32 electrically connect to electrical conductors 23 via
first conductive bumps 25. Likewise, electrical conductors
34 of circuit board 16 electrically connect to electrical
conductors 23 via second conductive bumps 27.
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In yet another embodiment, shown in FIG. 7, optoelec-
tronic device package 10 is similar to that shown in FIG. 4
with the following differences. Plano surface 20 comprises
a flat surface having no bumps therein. Electrical conductors
23 are formed on the plano surface 20. Die bond pads 32
have conductive bumps 33 formed thereon. Electrical con-
ductors 34 of circuit board 16 have conductive bumps 35
formed thereon. Die bond pads 32 electrically connect to
electrical conductors 23 via conductive bumps 33. Likewise,
electrical conductors 34 of circuit board 16 electrically
connect to electrical conductors 23 via conductive bumps
35;

In accordance with the invention, optoelectronic device
package 10 is manufactured preferably by an adhesive
bonding technique. While the invention is described with
respect to adhesive bonding techniques, the optoelectronic
device component package may be manufactured using flip
chip techniques or Tape Automated Bonding. Both flip chip
techniques and Tape Automated Bonding are well known in
the art and are therefore not discussed herein.

Electrical conductors 22 are formed onto plano surface 20
of optical element 12, plano surface 20 having bumps 24 and
26 therein (FIG. 1). In the preferred embodiment, each
conductor 22 overlays first and second bumps, 24 and 26,
respectively. Optically transparent adhesive 28 1s selectively
screened onto plano surface 20 of element 12, leaving points
of electrical connection uncovered. Die 14 1s selectively
placed onto plano surface 20 by standard pick and place
methods for a die placement operation that is well known 1n
the art. That is, die 14 is optically aligned to the optical
element 12 using fiducial mark 23 (FIG. 2) and then placed
onto plano surface 20. Circuit board 16 1s similarly aligned
and placed onto plano surface 20, wherein a corner edge of
aperture 36 is optically aligned with fiducial mark 23. The
adhesive 28 is then cured by suitable radiation as recom-
mended by the adhesive manufacturer. For instance, the
optical element 12, die 14, circuit board 16, and adhesive 28
are subjected to ultraviolet radiation and/or elevated tem-
perture to cure adhesive 28. Curing of adhesive 28 causes
optical element 12, die 14, and circuit board 16 to be drawn
closer together, thus forcing electrical contact between cor-
responding electrical contact points.

In the alternate embodiment of FIG. 4, subsequent to
curing adhesive 28, a controlled amount of curable material
38 is dispensed in a viscous state over the die 14, a portion
of the plano surface 20, and a portion of circuit board 16.
The curable material becomes a protective opaque encap-
sulant when cured. After dispensing material 38, element 12,
die 14, circuit board 16, adhesive 28, and material 38 are
subjected to elevated temperature to cure material 38.

The alternate embodiment, as shown in FIG. 6, is manu-
factured by the same method as the preferred embodiment
shown in FIG. 1, except for the following. In FIG. 6, plano
surface 20 of element 12 contains no bumps therein. Onto
each conductor 23, formed on plano surface 20, are formed
conductive bumps 25 and 27 via conductive bumping.
Conductive bumps 25 and 27 electrically connect with die
bond pads 32 and electrical conductors 34, respectively.

Similarly, the optoelectronic device package shown in
FIG. 7 is manufactured by the same method as the preferred
embodiment shown in FIG. 1, except for the following.
Electrical conductors 23 are formed onto plano surface 20 of
optical element 12. Die bond pads 32 of die 14 include
conductive bumps 33 for electrically connecting to conduc-
tors 23 of element 12, conductive bumps 33 being formed
onto die bond pads 32 by conductive bumping. Electrical

10

135

20

23

30

35

40

45

50

55

60

65

6

conductors 34 of circuit board 16 include conductive bumps
37 for electrically connecting to conductors 23 of element
12, conductive bumps 37 being formed onto conductors 34
by conductive bumping also.

There 1s thus provided an optoelectronic device compo-
nent, package, and methods of making the same, which
provide substantial advantages over the prior art, that is,
low cost, reliable, and eflicient optoelectronic device com-
ponent and package.

While the invention has been particularly shown and
described with respect to the certain preferred embodiments
thereof, it will be understood by those skilled in the art that
the foregoing and other changes 1n form and details may be

made therein without departing from the spirit and scope of
the 1invention.

What is claimed 1s:

1. An optoelectronic device package comprising:

an optical element having a plano surface, the plano
surface having a pattern of electrical conductors
thereon;

a photoelectric die having an optically active portion and
die bond pads on a front side thereof, the front side
being attached to the plano surface of said optical
element and the die bond pads being electrically con-
nected to corresponding electrical conductors of said
optical element; and

a printed circuit board having a pattern of electrical
conductors thereon and further having an aperture for
receiving said die, said circuit board being attached to
the plano surface of said optical element and the
electrical conductors of said circuit board being elec-
trically connected to corresponding conductors of said
optical element.

2. An optoelectronic device package as recited in claim 1,

further compnsing:

means for protecting a back side of said die, the plano
surface of said optical element, and a portion of said
circuit board.

3. An optoelectronic device package as recited in claim 1,
wherein said optical element comprises a lens having a
refracting surface on a front side and the plano surface on a
back side.

4. An optoelectronic device package as recited in claim 3,
wherein the refracting surface comprises an aspherical sur-
face.

5. An optoelectronic device package as recited in claim 3,
further comprising:

means for protecting the back side of said die, the plano
surface of said lens, and a portion of said circuit board.

6. An optoelectronic device package as recited in claim 3,
wherein the plano surface of said lens includes raised
bumps, corresponding to first bumps and second bumps,
selectively formed therein, and further wherein the electrical
conductors of said lens each have a portion overlaying a {irst
bump and a second bump, respectively, at locations for
electrical contact, such that the die bond pads are electrically
connected 1o the electrical conductors of said lens at corre-
sponding first bumps and the circuit board conductors are
electrically connected to the electrical conductors of said
lens at corresponding second bumps.

7. An optoelectronic device package as recited in claim 6,
further comprising:

means for protecting the back side of said die, the plano
surface of said lens, and a portion of said circuit board.

8. An optoelectronic device package as recited in claim 3,
wherein the electrical conductors of said lens each include a
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first conductive bump and a second conductive bump, the
die bond pads being electrically connected to corresponding
electrical conductors of said lens via corresponding first
conductive bumps, and the circuit board electrical conduc-
tors being electrically connected to corresponding electrical
conductors of said lens via corresponding second conductive
bumps.

9. An optoelectronic device package as recited in claim 8,
further comprising:

means for protecting the back side of said die, the plano

surface of said lens, and a portion of said circuit board.

10. An optoelectronic device package as recited in claim
3, wherein the die bond pads of said photoelectric die
include conductive bumps, the die bond pads being electri-
cally connected to corresponding electrical conductors of
said lens via the bond pad conductive bumps, and further
wherein the circuit board electrical conductors include con-
ductive bumps, the circuit board electrical conductors being
electrically connected to corresponding electrical conduc-
tors of said lens via the circuit board conductor conductive
bumps.

11. An optoelectronic device package as recited in clai
10, further comprising:

means for protecting the back side of said die, the plano
surface of said lens, and a portion of said circuit board.
12. An optoelectronic device component comprising:

an optical element having a plano surface, the plano
surface having raised bumps, corresponding to first
bumps and second bumps, selectively formed therein,
the plano surface further having a pattern of electrical
conductors formed thereon, each conductor having a
portion thereof overlaying a first bump and a second
bump; and

a photoelectric die having an optically active portion and
die bond pads on a front side thereof, the front side
being attached to the plano surface of said optical
element and the die bond pads being electrically con-
nected to corresponding electrical conductors of said
optical element at corresponding first bumps.

13. An optoelectronic device package as recited in claim
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12, wherein said optical element comprises a lens having a
refracting surface on a front side and the plano surface on a
back side.

14. An optoelectronic device package as recited in claim
13, wherein the refracting surface comprises an aspherical
surface.

15. An optoelectronic device component comprising:

an optical element having a plano surface, the plano
surface having a pattern of electrical conductors formed
thereon, each conductor having a first conductive bump
and a second conductive bump formed thereon; and

a photoelectric die having an optically active portion and
die bond pads on a front side thereof, the front side
being attached to the plano surface of said optical
element and the die bond pads being electrically con-
nected to corresponding electrical conductors of said
optical ¢lement at corresponding first conductive
bumps.

16. An optoelecironic device package as recited in claim

15, wherein said optical element comprises a lens having a

refracting surface on a front side and the plano surface on a
back side.

17. An optoelectronic device package as recited in claim
16, wherein the refracting surface comprises an aspherical
surface.

18. An optoelectronic device component comprising:

an optical element having a plano surface, said optical
element including a lens having a refracting surface on
a front side and the plano surface on a back side, the
plano surface having a pattern of electrical conductors
formed thereon and,

a photoelectric die having an optionally active portion
and die bond pads on a front side thereof, the front side
being attached to the plano surface of said optical
element and the die bond pads being electrically con-
nected to corresponding electrical conductors of said
optical element by conductive bumps.
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