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(57) ABSTRACT 

A modular Semiconductor die package is provided. The 
Semiconductor die package includes a polymer base for 
mounting at least one Semiconductor die. A polymer cap is 
operatively Secured over the base forming a cavity. The cap 
includes a light transmissive member operatively positioned 
to allow light of predetermined wavelengths to pass between 
at least a portion of the Surface of the die and the light 
transmissive member. A plurality of conductive leads extend 
through the base to form connections with the Semiconduc 
tor die(s) positioned in the cavity. 
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MODULAR SEMCONDUCTOR DIE PACKAGE 
AND METHOD OF MANUFACTURING THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to semiconductor die 
packages and, more particularly, to modular Semiconductor 
die packages for light emitting and/or light receiving Semi 
conductor devices, Such as laser diodes and photodetectors, 
and methods of manufacturing thereof. 

BACKGROUND OF THE INVENTION 

0002 Optical transmitters and optical receivers are 
widely used in a variety of applications including, for 
example, telecommunications, computing, entertainment, 
and medical devices. Laser diodes, Such as Vertical Cavity 
Surface Emitting Lasers (VCSELs), are frequently mounted 
in Transistor Outline style cans (TO-cans). TO-cans for 
optical applications are metal packages that typically have a 
windowed top, allowing light to pass through. There are 
several industry standard metal TO-cans available in differ 
ent base diameters and lead configurations, including, for 
example, the TO-46 flat window metal can. Other packages 
include TO-3 packages, used for higher power laser diodes. 
Conventional TO-packages are typically costly to manufac 
ture due in part to a lack of modularity in design, and 
therefore do not lend themselves to economies of Scale in 
production. 

0.003 Conventional metal TO-cans used for semiconduc 
tor lasers or detectors have a window arranged in a plane 
perpendicular to the emitting direction of the laser beam. In 
order to prevent light reflecting from the window from 
reentering the Semiconductor emitting device and interfering 
with or damaging the laser, anti-reflection (AR) coatings are 
applied to the window. However, AR coatings may contrib 
ute significantly to the per unit cost of production, Since they 
require additional processing Steps to manufacture. Accord 
ingly, a need exists for a cost-effective method of preventing 
light reflected from the window of the package from re 
entering and interfering with the light emitting Semiconduc 
tor device, while maintaining high coupling efficiency, low 
insertion loSS, and without requiring the use of anti-reflec 
tive coatings on the window of the package. 
0004. In certain optical communications systems, for 
example, Signaling Speeds may reach or exceed 10 GHZ, or 
even 40 GHz. Consequently, there exists a need for precision 
modular packages with leads capable of accommodating the 
high Speed Signaling requirements associated with optical 
applications without generating unwanted RF interference. 
0005 Further, because conventional metal TO-cans were 
originally intended to house transistors, not precision optical 
components requiring exacting alignment, metal TO-cans 
often do not provide the high tolerances required for auto 
mated assembly in optical applications. For example, when 
metal TO-can packaging is used, manual alignment of the 
Semiconductor device and the package is often required 
during production to ensure critical tolerances are main 
tained, making automation impractical and increasing manu 
facturing costs. Conventional Semiconductor laser packag 
ing, Such as metal TO-cans, Suffer from other disadvantages 
including high material cost and the need for Special fabri 
cation Steps to integrate glass or plastic windows onto the 
metal can packaging. 
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0006 Accordingly, there is a need for improved optical 
Semiconductor packaging and methods of manufacturing 
that afford high degrees of automation and economies of 
Scale, while providing increased precision and tolerancing in 
the finished product with less waste of materials. A further 
need exists for modular packaging that may accommodate 
different mounting techniques (e.g., Surface mount, through 
hole mount, etc.) in a common package design. A need also 
exists for a modular package design that allows Separate 
processing of cumberSome elements, Such as pin extensions 
for through-hole mounting, until final assembly of the pack 
age. 

SUMMARY OF THE INVENTION 

0007. A semiconductor die package is provided. The 
Semiconductor die package includes a polymer base com 
prising a lower Surface and an upper Surface, the upper 
Surface for mounting at least one Semiconductor die. A 
polymer cap is operatively Secured over at least a portion of 
the upper Surface of the base forming a cavity, the cap 
having a light transmissive member operatively positioned 
to allow light of predetermined wavelengths to pass between 
at least a portion of the upper Surface of the base and the 
light transmissive member. A plurality of conductive leads 
extend through the base from the lower surface of the base 
to the cavity. 

0008. A matrix of semiconductor die packages is also 
provided. The matrix of Semiconductor die packages 
includes a base matrix comprising a plurality of polymer 
bases, each base comprising a Surface for mounting at least 
one Semiconductor die. The matrix of Semiconductor die 
packages also includes a cap matrix comprising a plurality 
of polymer caps operatively Secured over the base matrix, 
each base and cap combination forming a cavity, each cap 
having a light transmissive member operatively positioned 
to allow light of predetermined wavelengths to pass between 
the Surface for mounting at least one Semiconductor die of 
a corresponding base and the light transmissive member. A 
plurality of conductive leads extend through each base from 
an outside Surface of each base to the corresponding cavity 
formed by each cap and base combination. 
0009. A method of making a semiconductor die package 
is further provided. The method of making a Semiconductor 
die package includes forming a polymer base comprising a 
lower Surface and an upper Surface, the upper Surface for 
mounting at least one Semiconductor die; forming a polymer 
cap operatively Secured over at least a portion of the upper 
Surface of the base forming a cavity, the cap having a light 
transmissive member operatively positioned to allow light of 
predetermined wavelengths to pass between at least a por 
tion of the upper Surface of the base and the light transmis 
Sive member; and forming a plurality of conductive leads 
extending through the base from the lower Surface of the 
base to the cavity. 
0010 Amethod of making semiconductor die packages is 
also provided. The method of making Semiconductor die 
packages includes forming a base matrix comprising a 
plurality of polymer bases, each base comprising a Surface 
for mounting at least one Semiconductor die; forming a cap 
matrix comprising a plurality of polymer caps operatively 
Secured over the base matrix, each base and cap combination 
forming a cavity, each cap having a light transmissive 
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member operatively positioned to allow light of predeter 
mined wavelengths to pass between the Surface for mount 
ing at least one Semiconductor die of a corresponding base 
and the light transmissive member, and positioning a plu 
rality of conductive leads extending through each base from 
an outside Surface of each base to the corresponding cavity 
formed by each cap and base combination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.011 The accompanying drawings, which are incorpo 
rated herein and constitute part of this specification, illus 
trate presently preferred embodiments of the invention, and, 
together with the general description given above and the 
detailed description given below, Serve to explain features of 
the invention. 

0012 FIGS. 1A-D provide an exploded view of an exem 
plary embodiment of a Semiconductor die package accord 
ing to the present invention. 

0013 FIG. 2 illustrates an exemplary embodiment of a 
base in accordance with the principles of the present inven 
tion. 

0.014 FIG. 3 illustrates an exemplary embodiment of a 
base in accordance with the principles of the present inven 
tion. 

0.015 FIG. 4 illustrates an exemplary embodiment of a 
base in accordance with the principles of the present inven 
tion. 

0016 FIG. 5 illustrates an exemplary embodiment of a 
base and cap in accordance with the principles of the 
present invention. 

0017 FIG. 6 illustrates a bottom view of an exemplary 
base in accordance with the principles of the present inven 
tion. 

0018 FIG. 7 illustrates an exemplary embodiment of a 
coaxial pin in accordance with the principles of the present 
invention. 

0019 FIG. 8 illustrates an exemplary embodiment of an 
assembled base and cap for Surface mounting in accordance 
with the principles of the present invention. 

0020 FIG. 9 illustrates an exemplary embodiment of an 
assembled base and cap having a window in accordance 
with the principles of the present invention. 

0021 FIG. 10 illustrates a top view of an exemplary 
embodiment of a cap having a window in accordance with 
the principles of the present invention. 

0022 FIG. 11. illustrates an exemplary embodiment of a 
leg extension lead base in accordance with the principles of 
the present invention. 

0023 FIG. 12 illustrates an exemplary embodiment of an 
assembled cap, base, and leg extension lead base in accor 
dance with the principles of the present invention. 

0024 FIG. 13 illustrates an exemplary embodiment of an 
assembled base with leg extension and cap having a tilted 
window in accordance with the principles of the present 
invention. 
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0025 FIG. 14 illustrates an exemplary embodiment of a 
cap having a window and alignment projection indicator in 
accordance with the principles of the present invention. 
0026 FIG. 15. illustrates an exemplary embodiment of a 
cap having a window and alignment projection indicator in 
accordance with the principles of the present invention. 
0027 FIG. 16 illustrates a sectional view of an exem 
plary embodiment of a cap having a window in accordance 
with the principles of the present invention. 
0028 FIGS. 17A-D illustrate exemplary window 
embodiments in accordance with the principles of the 
present invention. 
0029 FIG. 18 illustrates a sectional view of an exem 
plary embodiment of a cap having a lens assembled with a 
base with preformed adhesive in accordance with the prin 
ciples of the present invention. 
0030 FIG. 19. illustrates a sectional view of an exem 
plary embodiment of a cap having a lens assembled with a 
base having a leg extension in accordance with the prin 
ciples of the present invention. 
0031 FIG. 20. illustrates an exemplary embodiment of a 
base with Standoffs and cap having a tilted window in 
accordance with the principles of the present invention. 
0032 FIG. 21. illustrates an exemplary embodiment of a 
base with leg extensions and encapsulant Wells Surrounding 
the pins and cap having a tilted window in accordance with 
the principles of the present invention. 
0033 FIG.22. illustrates an example of a signal reflected 
from a tilted window and received by a detector in accor 
dance with the principles of the present invention. 
0034 FIG. 23. illustrates an exemplary windowed cap, 
and base with an emitting die and detecting die in accor 
dance with the principles of the present invention. 
0035 FIG.24. illustrates exemplary VCSEL beam diver 
gence in accordance with the principles of the present 
invention. 

0036 FIG. 25. illustrates an exemplary optical fiber 
coupling in accordance with the principles of the present 
invention. 

0037 FIG. 26. illustrates an exemplary optical fiber 
coupling in accordance with the principles of the present 
invention. 

0038 FIG. 27. illustrates an exemplary optical fiber 
coupling with a lens in accordance with the principles of the 
present invention. 
0039 FIG. 28. illustrates an exemplary optical fiber 
coupling with a lens in accordance with the principles of the 
present invention. 
0040 FIG. 29. illustrates an exemplary matrix or array of 
die packages in a Stacked assembly in accordance with the 
principles of the present invention. 
0041 FIG. 30. illustrates an exemplary matrix of leg 
extensions in accordance with the principles of the present 
invention. 

0042 FIG. 31. illustrates an exemplary matrix of bases in 
accordance with the principles of the present invention. 
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0.043 FIG. 32. illustrates an exemplary matrix of caps in 
accordance with the principles of the present invention. 
0044 FIG. 33. illustrates an exemplary matrix of adhe 
Sive in accordance with the principles of the present inven 
tion. 

004.5 FIG. 34. illustrates exemplary preformed adhesive 
in accordance with the principles of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

0.046 Reference will now be made in detail to the present 
exemplary embodiment(s) of the invention illustrated in the 
accompanying drawings. Wherever possible, the same ref 
erence numbers will be used throughout the drawings to 
refer to the Same or like parts. 
0047 FIGS. 1A-16 illustrate exemplary embodiments of 
a Semiconductor die package 100 for packaging Semicon 
ductor die(s) according to the present invention. FIGS. 
1A-1D provide an exploded view of the semiconductor die 
package components shown in FIGS. 2-16. AS shown in 
FIGS. 1A-1C, semiconductor die package 100 includes a 
base 200 for holding one or more semiconductor dies, pins 
300 retained in the base 200 for use in forming electrical 
connections to the Semiconductor die(s), and a cap 400 
Secured to an upper circumferential Surface 210 of the base 
200, optionally with a preformed adhesive 500. FIG. 1D 
depicts an optional leg extension 600 that may be securably 
attached to a lower Surface 220 of the base 200 to enable 
through-hole mounting of the die package 100 on a printed 
circuit board. Alternatively, when the leg extension 600 is 
not employed, the base 200 may be surface mounted directly 
onto a printed circuit board using any conventional Surface 
mount technology. The bodies of the base 200, cap 400 and 
leg extension 600 are preferably molded of a light absorbing 
dark colored plastic or polymer, Such as liquid crystal plastic 
(LCP), capable of withstanding high temperatures without 
exhibiting Significant distortion. Suitable materials include 
VECTRAR), which is a liquid crystal polymer plastic com 
mercially available from Hoechst Technical Polymers, 
THERMALGRAPHTM available from Amoco Performance 
Products, Inc., COOLPOLY(R D2, which is a liquid crystal 
polymer plastic available from Cool Polymers, Inc., and 
KOVAR(R), which is commercially available from Carpenter 
Technology Corporation. However, other thermally stable 
materials that exhibit high mechanical Strength, high dielec 
tric Strength, high thermal conductivity and low coefficient 
of thermal expansion may also be used. Cooling fins and/or 
heat SinkS may be provided to any combinations of the base 
200, cap 400, and leg extension 600, for thermal manage 
ment. In a preferred embodiment, the base 200, cap 400, 
and/or leg extension 600 (if present) may be partially or 
completely metalized or plated with metal on one or more 
Surfaces to provide, for example, Shielding or ground planes. 
0048 Referring to FIGS. 2-6, the base 200 optionally 
includes a pedestal 230 having a surface 232 for semicon 
ductor die placement. The pedestal 230 may be integrally 
molded from the same material as used to form the base 200. 
Alternatively, the pedestal 230 maybe formed of a different 
material from that used to form the base 200. For example, 
the pedestal 230 may formed of a material having different 
thermal conductivity characteristics from the material used 
to form the base 200. In a preferred embodiment, the 
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pedestal 230 may be formed of a material having a coeffi 
cient of thermal expansion that closely matches or approxi 
mates the coefficient of thermal expansion of the die(s) 
mounted on the pedestal So as to reduce stress on the die(s). 
Additionally, the pedestal 230 may be formed of a material 
having better thermal conductivity than the base 200, 
thereby reducing thermal StreSS on the die. Exemplary 
materials for the pedestal 230 include copper, copper-tung 
Sten alloys, aluminum nitride, ceramic, and/or diamond, 
among others. In a preferred embodiment, the pedestal 230 
may be formed of a plastic having a higher thermal con 
ductivity than the thermal conductivity of the base 200. 
While FIG. 2 depicts an exemplary embodiment where the 
pedestal surface 232 is positioned above the top surface 240 
of the base 200, the pedestal surface 232 may alternatively 
be positioned flush with the top surface 240 of the base 200, 
or below the top surface 240 of the base 200. The pedestal 
210 may be insert-molded, adhesively secured or welded to 
the base 200. Alternatively, the pedestal 210 may be secured 
to the base 200 in any conventional manner. 
0049 FIGS. 5 and 6 depict a plurality of electrically 
conductive pins 300 extending from the lower surface 220 
through to the top surface 240 of the base 200. The pins 300 
may be inserted through the base 200 after the base 200 is 
molded. Alternatively, the base 200 may be molded around 
the pins 300. Referring back to FIG. 2, in a preferred 
embodiment, wells 256 for receiving sealant are provided 
around the circumference of the pinthrough-holes to enable 
hermetic sealing of the die package 100. While FIG. 2 
depicts the wells 250 as being formed around the circum 
ference of the pins 300 in the top surface 240 of the base 200, 
the wells 250 may also be suitably formed in the base 200 
around the circumference of the pins 300 where the pins 300 
extend through the lower surface 220 of the base 200. Pins 
300 will be described in greater detail in connection with 
FIG. 12. 

0050. One or more semiconductor dies 800 (FIG.3) may 
be mounted on the pedestal 230 and/or directly on a Sur 
rounding structure of the base 200 with, for example, an 
adhesive, Such as epoxy or other Suitable mounting means. 
If plural Semiconductor dies are present, electrical connec 
tions may be formed directly between dies using any con 
ventional interconnect method. 

0051 Electrically conductive material (not shown), such 
as bonding wire, tape automated bonding, jumpers, and/or 
other electrically conductive material, may be used to elec 
trically connect the pins 300 to the semiconductor die(s) 
800. Not all of the pins 300 need to be electrically connected 
to the semiconductor die(s) 800. Some of pins 300 may not 
be connected to any electrically conductive element on the 
base 200. Alternatively or in addition, some of pins 300 may 
be electrically connected to electromagnetic interference 
(EMI) or electrostatic discharge (ESD) shielding either 
internal or external to the base 200, a ground or power plane 
included within the base 200, or another electrical compo 
nent within the base 200. 

0.052 Referring to FIG. 7, the electrically conductive 
pins 300, which are positioned in the base 200, may option 
ally be formed with an outer conductive layer 310 coaxially 
arranged around a dielectric 320 and a center conductor 330. 
Such a coaxial arrangement couples the electromagnetic 
field generated by the current flowing in the center conduc 
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tor 330 to a return path formed by the outer conductive layer 
310, thereby enabling high Signaling rates to be achieved 
while reducing unwanted RF interference. It is believed that 
Signaling rates on the order of 40 GHz may be possible, 
depending on, for example, the particular materials used, 
Voltages, geometry and length of the pin. Another method of 
achieving a coaxial pin is to metalize the pin through-holes 
in the base 200 and coat the pins with a dielectric before 
inserting them in the through-holes. 

0053 As shown in FIG. 7, the center conductor 330 may 
have a Square croSS Section. The center conductor 330 may 
also have a circular croSS Section, a rectangular croSS Section 
or a croSS Section of any other Suitable geometric shape. 
Similarly, the dielectric 320 and outer conductive layer 310 
may have Square croSS Sections, circular croSS Sections, 
rectangular croSS Sections or croSS Sections of any other 
Suitable geometric shape. In a preferred embodiment, the 
outer conductive layer 310, dielectric 320, and center con 
ductor 330 have corresponding or identical croSS Sectional 
geometric shapes. Wire bonds forming electrical connec 
tions between coaxial, pins and the Semiconductor dies 
located in the package are preferably made using the center 
conductor 330 of the die pads. However, electrical connec 
tions may be formed between the outer conductive layer 310 
and die pads, or between any components housed within or 
forming the die package 100. The outer conductive layer 310 
may comprise gold, aluminum, nickel, tin, Silver, copper, or 
any other Suitable conductive material, or combinations 
thereof. The center conductor 330 may comprise gold, 
aluminum, nickel, tin, Silver, copper, or any other Suitable 
conductive material, or combinations thereof. The dielectric 
320 may comprise TEFLONGR available from E. I du Pont 
de Nemours and Co., however, other dielectric materials 
may be used as well. 
0054) Referring to FIGS. 2 and 3, optical alignment 
mark(s) or reticle(s) 295 may be provided in the top surface 
240 of the base 200 to provide a reference point for precision 
alignment during processing StepS Such as positioning of the 
Semiconductor die on the pedestal Surface 232. An align 
ment pocket or projection reference 260 may also be pro 
Vided in the base 200, for example along a peripheral region 
of the base 200, to ensure correct orientation of the package 
is maintained during manufacturing. The alignment pocket 
or projection reference 260 may be Semicircular in Shape, as 
shown in FIGS. 2 and 3, angular in shape, as shown in FIG. 
4, or any other suitable shape. As shown in FIGS. 1A and 
1D, the cap 400 and optional leg extension 600 (if present) 
are preferably formed with corresponding alignment pockets 
or projection references 260 that align with the alignment 
pockets or projection references 260 of the cap 400 when the 
die package 100 is assembled. 
0055 FIGS. 8-10 are views of the assembled die package 
100. Electrically conductive pins 300 extend from the lower 
Surface 220 a Sufficient distance to enable Surface mounting 
of the die package 100 to a printed circuit board. Stand offs 
290 (depicted in FIG. 8) may optionally be provided on the 
lower surface 220 of the base 200 to ensure uniform spacing 
between the die package 100 and the printed circuit board 
(when the die package 100 is Surface mounted), or to engage 
corresponding indentations 620 (shown in FIGS. 1D and 
11) formed in the upper surface of the leg extension 600 
(when the die package 100 is through-hole mounted). As 
illustrated in FIG. 8, when stand offs 290 are present, the 
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pins 300 preferably extend away from the lower surface 220 
slightly less than the height of the stand offs 290. Of course, 
the pins 300 may also be level with the stand offs 290 or 
extend slightly beyond the standoffs 290, as desired for a 
particular application. In applications where the base 200 is 
to be Surface mounted directly onto a printed circuit board, 
the base 200 may be mounted using solder reflow tech 
niques, Solder balls, or any conventional mounting method. 
0056 Referring to FIGS. 11-13, a modular leg extension 
600 may be provided to enable through-hole mounting of the 
base 200 on, for example, a printed circuit board. The leg 
extension 600 includes a plurality of conductive pins 610 
extending though the body portion of the leg extension 600. 
The pins 610 may be inserted through the body of the leg 
extension 600 after the body of the leg extension 600 is 
molded. Alternatively, the body of the leg extension 600 
may be molded around the pins 610. The upper surface of 
the leg extension 600 may include indentations 620 for 
engaging base Stand offs290, ensuring positive alignment of 
the base 200 and leg extension 600. As depicted in FIG. 13, 
the leg extension conductive pins 610 may be electrically 
coupled to the pins 300 extending from the lower surface 
220 of the base 200 via solder reflow, solder balls, or any 
conventional method. Alternatively or in addition, the body 
of the leg extension 600 may be physically coupled to the 
base 200 by soldering the leg extension pins 610 with the 
base pins 300, adhesively bonding the base 200 to the leg 
600, welding the base 200 to the leg extension 600, by an 
interference fit of the base stand offs 290 (shown on FIG. 8) 
with the leg extension depressions 620 (shown on FIGS. 1D 
and 11), by clipping the base 200 to the leg extension 600, 
or by any conventional method. 
0057 Referring to FIGS. 14-16, the cap 400 preferably 
includes an optical window 410 in a Surface opposite the 
pedestal 230. In the case where no pedestal 230 is present in 
the base 200, the window 410 may be located opposite the 
top surface 240 of the base 200. The window 410 may or 
may not be transmissive for visible light. Further, the 
window 410 may be optically flat or it may form a lens. If 
a lens is used, the lens may be a ball lens, a graded index 
(GRIN) lens, cylindrical lens, double lens, or any other lens 
of a type Suitable for the application. For example, if a 
VCSEL is provided on the pedestal 230, a ball lens may be 
used. The window 410 (or lens) may be formed of glass, 
plastic, or any other, Suitable optically transmissive material. 
In preferred embodiments, a glass window 410 (or lens) is 
used. Suitable materials for non-glass, windows or lenses 
include optical polymers and copolymers such as PMMA 
(acrylic), polystyrene, polycarbonate, cyclic olifin polymer, 
and NAS(R): Styrene and methyl methacrylate (MMA) 
copolymer. It has been found that plastic lenses are generally 
less costly but are more temperature Sensitive than glass, 
have relatively low transmission near infra red compared 
with glass (approximately 80% transmission for plastic 
versus approximately 99% for glass), and have higher bire 
fringence potential compared with glass. 

0058. The optical window 410 (or lens) may be circular, 
Oval, rectangular, Square or any other geometric shape; 
however, in a preferred embodiment, the window 410 (or 
lens) is Square to improve manufacturability and reduce 
waste. It has been determined that square windows 410 (or 
lenses) may be more readily cut and molded into the cap 400 
than windows 410 (or lenses) of other shapes. It has been 
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further determined that forming the cap 400 from a moldable 
non-metallic material Such as plastic greatly improves 
manufacturability in this regard, Since it is believed to be 
impracticable to cost-effectively mass produce non-circular 
windows or lenses in, metal die packages, Such as metal 
TO-cans. 

0059 FIGS. 17A-D illustrates exemplary window 410 
dimensions that may be used to provide circular or Square, 
optically flat windows. In this example, glass having a 
thickness of 0.4 mm+/0.05 mm (FIGS. 17B and 17D) was 
found to provide excellent transmissivity characteristics for 
light having a wavelength of 850 nm. However, glass having 
a thickness of 0.5 mm--/-0.05 mm was also found to provide 
Satisfactory performance for light having a wavelength of 
850 nm, corresponding to the operating wavelength of 
certain VCSELs. The optical window 410 (shown in FIG. 
18) may optionally be provided with an anti-reflective (AR) 
coating on one or both Sides. In this example, the diameter 
of the circular window (FIG. 17A) was 3.5 mm and the sides 
of the square window (FIG. 17C) was 3.5 mm--/-0.15 mm, 
although windows of other shapes and sizes may be used. 
For example, windows having diameters (or lengths) of 1-4 
mm and thickness of 0.3-0.65 mm may be used. 

0060. As illustrated in FIGS. 18 and 19, the optical 
window 410 (or lens) may be mounted in the cap 400 such 
that it lies in a plane parallel to the Surface of the pedestal 
232 (or the top surface of the base 240 if no pedestal is used). 
Alternatively, as illustrated in FIGS. 20 and 21, the optical 
window 410 (or lens) may be mounted in the cap 400 such 
that it lies in a plane that forms a non-Zero angle with the 
plane parallel to the Surface of the pedestal 232 (or the top 
surface of the base 240 if no pedestal is used). This “tilt 
window' or “tilt lens' embodiment is particularly advanta 
geous when light-emitting Semiconductors are housed in the 
Semiconductor package 100, Since any light reflected from 
the window 410 (or lens) will be directed away from the 
active area of the light-emitting Semiconductor, preventing 
interference with or damage to the laser, as illustrated in 
FIG. 22. In this manner the problem of reflected light 
re-entering the light emitting Semiconductor device can be 
eliminated without resort to potentially costly antireflective 
(AR) coatings on the window 410 (or lens). Nonetheless, the 
“tilt window' or “tilt lens' embodiments may use AR 
coatings on the inner Surface, Outer Surface or both Surfaces 
of the window 410 (or lens). In a preferred embodiment, a 
window 410 having a trapezoidal or wedge-shaped croSS 
Section may be used to direct reflected light away from the 
active region of light emitting Semiconductors housed in the 
Semiconductor package 100. 

0061. In a preferred embodiment, the glass or plastic 
window 410 (or lens) may be doped to filter certain wave 
lengths of light. The doped window 410 (or lens) embodi 
ments may be particularly useful when photodetectors are 
used to detect light having only certain wavelengths. Of 
course the doped window 410 (or lens) embodiments may be 
used with light emitting Semiconductor embodiments as 
well. 

0.062 Referring to FIGS. 22-24, a further advantage of 
the "tilt window' or "tilt lens' embodiment, it that the 
reflected portion of the beam may be directed to a detector 
810 mounted within the semiconductor package to control 
the modulation or the laser or otherwise monitor the per 
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formance of the laser. In many applications of laser diodes 
it is desirable to monitor the output beam of the laser diode 
with a photodetector 810, such as a photodiode, in order to 
modulate the laser output and maintain a constant power 
level. For example, if a VCSEL laser is used as the light 
emitting device, a detector 810 can be mounted within the 
die package 100 to receive the reflected portion of the light 
and form a feedback loop to modulate the VCSEL output. As 
shown in FIG. 23, the detector 810 may be located, for 
example, on the Surface of the pedestal 232 or on the top 
surface 240 of the base 200. The detector 810 may comprise 
a PIN diode photodetector or any other suitable photode 
tecting device. As illustrated in FIG. 22, it has been deter 
mined that a window tilt of 8 degrees diverts the reflected 
beam sufficiently away from a VCSEL while providing 
adequate transmissivity (low insertion loSS) and a reflected 
signal of adequate strength for the detector 810. Of course, 
the tilt angle is influenced by the divergence of light from the 
laser and the distance of the window from the laser. 

0063 Referring to FIGS. 25-28, for fiber optic applica 
tions the cap 400 may optionally be provided with a con 
nector 420 capable of receiving an optical fiber pigtail 430. 
The connector 420 may be a cylindrical threaded male 
connector, as depicted, or any conventional type of threaded 
or unthreaded optical connector. The connector 420 may be 
integrally molded with the cap 400 or the connector 420 may 
be separately formed and later affixed to the cap by any 
conventional means. An optional lens 440 may be opera 
tively positioned in the connector 420 or in the connector of 
the pig tail 430. A photodetector 810 (shown in FIG. 23), 
such as a PIN diode, may be positioned on the base 200 or 
pedestal 230 for receiving an optical signal transmitted from 
the optical fiber pig tail 430 through the connector 420 and 
lens 440 (if present). Alternatively or in combination, a 
photo-emitting device, Such as a VCSEL laser diode, may be 
positioned on the base 200 or pedestal 230 for transmitting 
an optical Signal through the lens 440 (if present) and 
connector 420 to the optical fiber pigtail 430. Examples of 
optical coupling combinations that may be used for fiber 
applications include ball lens coupling, aspheric lens cou 
pling, GRIN lens coupling, butt coupling, and lensed fiber 
coupling. 
0064. As shown in FIG. 29, die packages 100 may 
preferably be assembled in layered matrix arrays to achieve 
economy of Scale through batch processing, thereby reduc 
ing manufacturing costs. For example, a leg extension layer 
matrix 700 (FIG. 30) comprising a matrix of preformed leg 
extension Subassemblies 600 may be bonded to a base layer 
matrix 710 (FIG. 31) comprising a matrix of pre-formed 
base Subassemblies 200, which may in-turn be bonded to a 
cap layer matrix 730 (FIG. 32) comprising a matrix of 
pre-formed caps 400. The layers may be assembled in any 
order. For example, the base layer matrix 710 may be mated 
with the cap layer matrix 730 before a leg extension layer 
matrix 700 (if present) is affixed to the base layer matrix 710. 
Alternatively, the base layer matrix 710 may be mated with 
a leg extension layer matrix 700 (if present) before the cap 
layer matrix 730 is affixed to the base layer matrix 710. 
Predetermined “v-groove', shaped separation lines 740 are 
preferably molded between individual components in each 
matrix layer to provide for easy Separation of the die 
packages 1100 after assembly. Alignment holes 750 may 
optionally be formed in a margin of each layer to ensure 
correct alignment between layers during assembly. 
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0065. To further enable efficient assembly, the base layer 
matrix 710 (FIG. 31) and cap layer matrix 730 (FIG. 32) 
may be bonded, together using a preformed matrix of 
adhesive 720 (FIG. 33). The preformed matrix of adhesive 
720 preferably comprises a plurality of epoxy, rings 500, as 
depicted in FIG. 34. Alternatively or in addition, any 
suitable adhesive or other bonding method may be used to 
affix the cap layer 730 to the base layer 710. 
0.066 Referring again to FIGS. 4-6, tabs 270 used to 
connect adjacent bases 200 in the base layer matrix 710 
during the manufacturing process may extend radially out 
ward from the periphery of the base 200. When separated 
from the matrix, the tabs 270 may have chamfered or 
beveled leading edges 280 corresponding to the predeter 
mined “v-groove' shaped separation lines 740 formed 
between adjacent bases 200 in the base layer matrix 710. As 
shown in FIGS. 1 and 14, similar tabs 270 having cham 
fered or beveled leading edges 280 may also be formed in 
the cap 400 and optional leg extension 600 (if present). 
After assembly, the tabs 270 may be advantageously used as 
headers to retain completed die packages 100 during assem 
bly of the die package 100 onto a printed circuit board. The 
tabs 270 may also be used to mount the completed die 
package 100. 

0067. While the present invention has been disclosed 
with reference to certain preferred embodiments, numerous 
modifications, alterations, and changes to the described 
embodiments are possible without departing from the Sphere 
and Scope of the present invention, as defined in the 
appended claims. Accordingly, it is intended that the pre 
sents invention not be limited to the described embodiments, 
but have the full Scope defined by the language of the 
following claims and equivalents thereof. 
What is claimed is: 

1. A Semiconductor die package comprising: 
a polymer comprising a lower Surface and an upper 

Surface, the upper Surface for mounting at least one 
Semiconductor die; 

a polymer cap operatively Secured over at least a portion 
of the upper Surface of the base forming a cavity, the 
cap having a light transmissive member operatively 
positioned to allow light of predetermined wavelengths 
to pass between at least a portion of the upper Surface 
of the base and the light transmissive member; and 

a plurality of conductive leads extending through the base 
from the lower Surface of the base to the cavity. 
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2. A matrix of Semiconductor die packages comprising: 
a base matrix comprising a plurality of polymer bases, 

each base comprising a Surface for mounting at least 
one Semiconductor die; 

a cap matrix comprising a plurality of polymer caps 
operatively Secured over the base matrix, each base and 
cap combination forming a cavity, each cap having a 
light transmissive member operatively positioned to 
allow light of predetermined wavelengths to pass 
between the Surface for mounting at least one Semi 
conductor die of a corresponding base and the light 
transmissive member; and 

a plurality of conductive leads extending through each 
base from an outside Surface of each base to the 
corresponding cavity formed by each cap and base 
combination. 

3. A method of making a Semiconductor die package 
comprising: 

forming a polymer base comprising a lower Surface and 
an upper Surface, the upper Surface for mounting at 
least one Semiconductor die; 

forming a polymer cap operatively Secured over at least a 
portion of the upper Surface of the base forming a 
cavity, the cap having a light transmissive member 
operatively positioned to allow light of predetermined 
wavelengths to pass between at least a portion of the 
upper Surface of the base and the light transmissive 
member; and 

forming a plurality of conductive leads extending through 
the base from the lower surface of the base to the cavity. 

4. A method of making Semiconductor die packages 
comprising: 

forming a base matrix comprising a plurality of polymer 
bases, each base comprising a Surface for mounting at 
least one Semiconductor die; 

forming a cap matrix comprising a plurality of polymer 
caps operatively Secured over the base matrix, each 
base and cap combination forming a cavity, each cap 
having a light transmissive member operatively posi 
tioned to allow light of predetermined wavelengths to 
pass between the Surface for mounting at least one 
Semiconductor die of a corresponding base and the light 
transmissive member; and 

positioning a plurality of conductive leads extending 
through each base from an outside Surface of each base 
to the corresponding cavity formed by each cap and 
base combination. 
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