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(57) ABSTRACT 

A multi-layer feedthrough Structure for use in optoelectronic 
equipment. The feedthrough Structure is composed of mul 
tiple Stacked ceramic layers that together form a multi-layer 
platform. The multi-layer platform bisects the base portion 
of a header assembly that is located within the transmitter 
optical Subassembly Such that an interior portion of the 
multi-layer platform is located within the header assembly 
and an exterior portion is disposed outside. Each layer 
contains at least a portion of a plurality of conductive 
pathways that extend from the exterior to the interior portion 
of the multi-layer platform. A top insulating layer enables 
the conductive pathways to pass from the exterior to the 
interior portion of the platform without electrically contact 
ing the header assembly base. The conductive pathways 
Serve as electrical interconnects between components 
located within the header assembly and Structures outside 
thereof. 
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MULTI-LAYER CERAMIC FEEDTHROUGH 
STRUCTURE IN A TRANSMITTER OPTICAL 

SUBASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/477,868, filed Jun. 12, 2003. This 
application is also a continuation-in-part of application Ser. 
No. 10/231,395, filed Aug. 29, 2002, which is a continua 
tion-in-part of application Ser. No. 10/077,067, filed Feb. 14, 
2002, now U.S. Pat. No. 6,586,678, entitled “Ceramic 
Header Assembly.” Each of these references is incorporated 
herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

0002) 1. The Field of the Invention 
0003. This invention is generally concerned with the field 
of optoelectronic Systems and devices. More Specifically, 
embodiments of the present invention relate to a transistor 
header that includes various features directed to the 
enhancement of the reliability and performance of various 
electronic devices, Such as lasers, included in the transistor 
header. 

0004 2. The Related Technology 
0005 Fiber-optic and opto-electronics have become 
important components in modern networking circuits. Using 
fiber-optic circuits allows for efficient, accurate and quick 
transmission of data between various components in a 
network System. 
0006 AS with the design of most any system, there are 
engineering tradeoffs that often have to be made when 
implementing fiber optic Systems. For example, the Size and 
modularity of components must often be balanced against 
the need for additional Space to accommodate heat dissipa 
tion and circuit monitoring components. While it is desirable 
to minimize a component's size, Some configurations have 
previously limited this minimization due to their inherent 
characteristics. For example, previously many lasers used in 
fiber-optic Systems that have the characteristics needed for 
long-distance transmission and/or dense wavelength divi 
sion multiplexing (DWDM) generated amounts of heat that 
could not be dissipated by Some Smaller package sizes. 
Further, Smaller package sizes have a limited amount of 
Space available for mounting and connecting additional 
components Such as thermistors, monitor photodiodes, ther 
moelectric coolers, or impedance matching circuits. 
0007 Regarding smaller package sizes, it is desirable in 
fiber optic Systems to use modular components So that a 
System can be created in a compact area and with as little 
expensive customization as possible. For example, many 
fiber optic Systems are able to use modular transceiver 
modules. The modular transceiver modules include an input 
receiver optical Subassembly (ROSA) and an output trans 
mitter optical Subassembly (TOSA). The ROSA comprises a 
photodiode for detecting optical signals and Sensing cir 
cuitry for converting the optical Signals to digital signals 
compatible with other network components. The TOSA 
comprises a laser for transmitting optical Signals and control 
circuitry for modulating the laser according to an input 
digital data signal. The TOSA has an optical lens for 
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collimating the light signals from the laser of the TOSA to 
an optical fiber. Additionally, the transceiver module 
includes pluggable receptacles for optically connecting the 
TOSA and the ROSA with other components within a fiber 
optic network. 
0008. The transceiver module often includes an elec 
tronic connector for connection to electrical components of 
the computer or communication device with which the 
transceiver module operates (a "host System'). The design of 
the transceiver, as well as other components within the fiber 
optic System, is Standards-based, Such that components can 
be connected without significant customization. 
0009. One particular pluggable standard that is currently 
being developed is the 10-Gigabit Small Form-factor Plug 
gable (XFP) standard. This standard defines various char 
acteristics Such as Size, power consumption, connector con 
figuration, etc. With regards to power consumption, the XFP 
Standard references three power consumption levels of 1.5 
W, 2.5 W and 3.5 W. When designing devices to operate 
within the XFP standard, attention must be given to what 
components are Selected and how they are configured So as 
to not exceed the rated power consumption. These devices 
are constrained by principles of Semiconductor physics to 
work preferentially in a certain temperature range. The 
module power dissipation and the package size and mate 
rials uniquely determine the module operating temperature 
for given ambient conditions, Such as ambient temperature, 
airflow, etc. The resulting module operating temperature 
determines the types of optical and electronic components 
that can be Successfully operated within the package. One 
Such package is known as a transistor-outline header, oth 
erwise known as a TO can or TO. 

0010 Transistor-outline headers are widely used in the 
field of opto-electronics, and may be employed in a variety 
of applications. AS an example, transistor headers are Some 
times used to protect Sensitive electrical devices, and to 
electrically connect Such devices to components Such as 
printed circuit boards (“PCB”). 
0011. With respect to their construction, transistor head 
ers often consist of a cylindrical metallic base with a number 
of conductive leads extending completely through, and 
generally perpendicular to, the base. With regard to the 
metallic base, the size of the base is often sized to fit within 
a Specific TO Standard size and lead configuration, examples 
of which include a TO-5 or TO-46. The leads are hermeti 
cally Sealed in the base to provide mechanical and environ 
mental protection for the components contained in the TO 
package, and to electrically isolate the conductive leads from 
the metallic material of the base. Typically, one of the 
conductive leads is a ground lead that may be electrically 
connected directly to the base. 
0012 Various types of devices are mounted on one side 
of the base of the header and connected to the leads. 
Generally, a cap is used to enclose the Side of the base where 
Such devices are mounted, So as to form a chamber that helps 
prevent contamination or damage to those device(s). The 
Specific characteristics of the cap and header generally relate 
to the application and the particular device being mounted 
on the base of the header. By way of example, in applica 
tions where an optical device is required to be mounted on 
the header, the cap is at least partially transparent So to allow 
an optical Signal generated by the optical device to be 
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transmitted from the TO package. These optical TO pack 
ages are also known as window cans. 

0013 Although transistor headers have proven useful, 
typical configurations nevertheless pose a variety of unre 
Solved problems. Some of such problems relate specifically 
to the physical configuration and disposition of the conduc 
tive leads in the header base. As an example, various factors 
combine to compromise the ability to precisely control the 
a electrical impedance of the glass/metal feedthrough, that 
is, the physical bond between the conductive lead and the 
header base material. One such factor is that there are a 
relatively limited number of available choices with respect 
to the diameter of the conductive leads that are to be 
employed. Further, the range of dielectric values of the 
Sealing glass typically employed in these configurations is 
relatively small. And, with respect to the disposition of the 
conductive leads, it has proven relatively difficult in some 
instances to control the position of the lead with respect to 
the through hole in the header base. 

0014. Yet other problems in the field concern those 
complex electrical and electronic devices that require many 
isolated electrical connections to function properly. Typi 
cally, attributes Such as the size and shape of such devices 
and their Subcomponents are sharply constrained by various 
form factors, other dimensional requirements, and space 
limitations within the device. Consistent with such form 
factors, dimensional requirements, and space limitations, the 
diameter of a typical header is relatively small and, corre 
Spondingly, the number of leads that can be disposed in the 
base of the header, Sometimes referred to as the input/output 
(“I/O”) density, is relatively small as well. 
0.015 Thus, while the diameter of the header base, and 
thus the I/O density, may be increased to the extent neces 
Sary to ensure conformance with the electrical connection 
requirements of the associated device, the increase in base 
diameter is sharply limited, if not foreclosed completely, by 
the form factors, dimensional requirements, and space limi 
tations associated with the device wherein the transistor 
header is to be employed. 
0016 A related problem with many transistor headers 
concerns the implications that a relatively small number of 
conductive leads have with respect to the overall perfor 
mance of the device and the need to connect additional 
circuitry required by certain types of laser when the tran 
Sistor header is used. Semiconductor lasers circuits operate 
more efficiently when the circuit driving the semiconductor 
laser has an impedance that is equal to the impedance of the 
laser itself. There is a special need for impedance matching 
and load balancing when circuits are operating at relatively 
high frequencies, Such as is the case in many semiconductor 
laser communication circuits. Mismatched circuits may 
cause transmission line reflections and a corresponding 
inability to maximize the power delivered to the semicon 
ductor laser. Additionally, transmission line reflections can 
cause intensity noise and phase noise that results in trans 
mission penalties in the fiber-optic circuit. Impedance 
matching is often accomplished through the use of addi 
tional electrical components Such as resistors, capacitors, 
inductors, and transmission lines Such as microstrips, strip 
lines, or coplanar waveguides. However, such components 
cannot be employed unless a Sufficient number of conduc 
tive leads are available in the transistor header. Thus, the 
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limited number of conductive leads present in typical tran 
Sistor headers has a direct negative effect on the performance 
of the Semiconductor laser or other device. 

0017. In connection with the foregoing, another aspect of 
many transistor headers that forecloses the use of, for 
example, components required for impedance matching, is 
the relatively limited physical space available on standard 
headers. In particular, the relatively small amount of space 
on the base of the header imposes a practical limit on the 
number of components that may be mounted thereon. To 
Overcome that limit, Some or all of any additional compo 
nents desired to be used must instead be mounted on the 
printed circuit board, Some distance away from the laser or 
other device contained within the transistor header. Such 
arrangements are not without their shortcomings however, 
as the performance of active devices in the transistor header, 
Such as lasers and integrated circuits, depends to some extent 
on the physical proximity of related electrical and electronic 
components. By minimizing the distance between the lasers 
and integrated circuits to the additional components required 
for impedance matching, the inherent transmission line 
between Such (components is minimized. As such, placing 
the components in close physical proximity reduces reflec 
tive transmission line losses. 

0018) Even when a sufficient number of contacts are 
available to connect external components to the laser for 
impedance matching, other problems arise. For example, 
one of the simplest methods of impedance matching is by 
shunting a resistive impedance across the laser source 
wherein the shunting impedance matches the impedance of 
the laser. The problem with this solution is that it adds an 
additional load to the power Supply where the additional 
load is the shunt resistor and thus wastes power and gener 
ates heat. 

0019. In one example, suppose that a laser has a 25 
ohm load impedance and a laser driver has a 12.5 
ohm Source impedance. To match the laser imped 
ance, a 25 ohm resistor is shunted across the laser. 
This results in a 12.5 ohm load for the laser driver 
that, while impedance matched, requires more power 
to drive than if the laser driver only needed to drive 
a 25 ohm load. One way to eliminate the need for 
external components is to create an appropriately 
designed transmission line that transmits the laser 
Signal from the laser driver to the laser itself, with 
proper characteristic impedance to match the laser 
and the laser driver. In this way, the laser driver 
efficiently supplies power to the 25 ohm load while 
minimizing harmful reflections. Such transmission 
lines are often appropriately sized microstrips, strip 
lines, or coplanar waveguides, etc., formed on a 
printed circuit board using the characteristics of the 
conductive materials on the circuit board and the 
Substrate on which the conductive materials are 
placed. AS Such, whereas transistor headers do not 
have internal printed circuit boards available, such 
matching transmissions lines cannot be constructed. 

0020. In addition to the need for matching circuits, there 
is also often a need for other additional circuitry. For 
example, an externally modulated laser (EML) comprises a 
laser and a semiconductor modulator. Examples of lasers 
that can be used with EMLS include a distributed feedback 
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(DFB) laser or a distributed Bragg reflector (DBR) laser. 
Examples of modulators include an electroabsorptive modu 
lator, in which the modulator absorbs light depending on a 
control Voltage, or various interferometric modulators, Such 
as the Mach-Zehnder modulator, often made with lithium 
niobate. An eternally modulated laser having an electroab 
Sorptive modulator can be referred to as an EA EML 
(electroabsorbtive externally modulated laser). The inte 
grated modulator has additional connections that require 
control Signals from devices external to the transistor header 
that are normally not required when a laser without the 
integrated modulator is included. AS Such, without addi 
tional connections, lasers, Such as EMLS, cannot be imple 
mented in current transistor header designs. 

0021. The problems associated with various typical tran 
Sistor headers are not, however, limited Solely to geometric 
considerations and limitations. Yet other problems relate to 
the heat generated by components within, and external to, 
the transistor header. Specifically, transistor headers and 
their associated Subcomponents may generate significant 
heat during operation. It is generally necessary to reliably 
and efficiently remove Such heat to optimize performance 
and extend the useful life of the device. 

0022. However, transistor headers are often composed 
primarily of materials, Kovar(R) for example, that are not 
particularly good thermal conductors, but are instead 
Selected for their properties of minimum thermal expansion 
and contraction, to match glass-metal Seals and guarantee 
hermeticity. Such poor thermal conductivity does little to 
alleviate heat buildup problems in the transistor header 
components and may, in fact, exacerbate Such problems. 
Various cooling techniques and devices have been employed 
in an effort to address this problem, but with only limited 
Success. Such cooling problems have limited the types of 
lasers that may be used in transistor header applications. 
Particularly, Such cooling problems have presented Signifi 
cant barriers to using lasers that are adapted for long-range 
fiber-optic communications Such as externally modulated 
lasers (EMLS) that generate significant amounts of heat. 
0023. One drawback of using an EML is the heat that is 
generated by Such a laser. Typically, most EMLS are oper 
ated between 25 C. to 30° C. As such, external cooling has 
commonly been required to pump heat away from the EML 
to maintain the laser at an appropriate operating temperature. 
The need for cooling components has previously imposed a 
limitation on the Size of packages into which an EML is 
integrated. Further, because of the need for active cooling, 
the power consumption of a device integrating an EML is 
often greater than that allowed by many of the Smaller 
package size standards such as XFP. Previously, EMLS have 
not been effectively integrated into Smaller packages 
because of these cooling requirements. Additionally, in order 
to keep a laser's wavelength stable to enable Such applica 
tions as DWDM, the temperature must be finely controlled 
to be fixed regardless of varying ambient temperatures and 
conditions. One of the best methods to accomplish this 
temperature control is to have precise control of the same 
cooler that is used to keep the laser at an appropriate 
operating temperature. 

0024 Solid state heat exchangers may be used to remove 
Some heat from transistor header components. However, the 
effectiveness of Such heat eXchangers is typically compro 
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mised because, due to variables Such as their configuration 
and/or physical location relative to the primary compo 
nent(s) to be cooled, Such heat exchangers frequently expe 
rience a passive heat load that is imposed by Secondary 
components or transistor header Structures not generally 
intended to be cooled by the heat eXchanger. The imposition 
on the heat eXchanger of Such passive heat loads thus 
decreases the amount of heat the heat eXchanger can effec 
tively remove from the primary component that is desired to 
be cooled, thereby compromising the performance of the 
primary component. 

0025. As suggested above, the physical location of the 
heat eXchanger or other cooling device has various impli 
cations with respect to the performance of the components 
employed present in the transistor header. One particular 
problem in the context of thermoelectric cooler (“TEC) 
type heat eXchangers arises because TECs have hot and cold 
junctions. The cold junction, in particular, can cause con 
densation if the TEC is located in a sufficiently humid 
environment. Such condensation may materially impair the 
operation of components in the transistor header, and else 
where. 

0026 Solid state coolers, such as TECs, are intrinsically 
very inefficient devices. State-of-the-art coolers have effi 
ciencies measured in Single or low double digits. Thus, the 
power consumption becomes astronomical when an attempt 
is made to cool lasers in packages that have significant 
thermal leaks. This process requires large amounts of power, 
which is inappropriate for Small devices because it causes 
large temperature rises and because it is not permitted under 
standards, such as the XFP standard. 
0027. Another concern with respect to heat exchangers is 
that the dimensions of typical transistor headers are, as noted 
earlier, constrained by various factors. Thus, while the 
passive heat load placed on a heat eXchanger could be at 
least partly offset through the use of a relatively larger heat 
eXchanger, the diametric and other constraints imposed on 
transistor headers by form factor requirements and other 
considerations place practical limits on the maximum size of 
the heat eXchanger. 
0028 Finally, even if a relatively large heat exchanger 
could be employed in an attempt to offset the effects of 
passive heat loads, large heat eXchangers present problems 
in cases where the heat eXchanger, Such as a TEC, is used to 
modify the performance of transistor header components 
Such as lasers. For example, by virtue of their relatively large 
thermal mass or load, Such heat eXchangers are not well 
Suited to implementing the rapid changes in laser perfor 
mance that are required in many applications, because Such 
large heat eXchangers cannot transfer the heat rapidly 
enough. Moreover, the performance of the laser or other 
component may be further compromised if the heat 
eXchanger is located relatively far away from the laser 
because the thermal resistance is proportional to the distance 
between the component and the heat eXchanger. 
0029. In light of the above discussion, a need exists for a 
transistor header design for use within an optical transceiver 
module that overcomes the above challenges. In particular, 
a transistor header is needed that enables a relatively greater 
number of interconnects to be established between the 
header interior and devices located outside of the header. 
Such a Solution should also enable the use of components 
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heretofore unimplemented in current header designs, Such as 
EML laser configurations and thermoelectric coolers. 

BRIEF SUMMARY OF THE INVENTION 

0.030. In general, embodiments of the invention are con 
cerned with a transistor header including various features 
directed to enhancing the reliability and performance of 
various electronic devices, Such as lasers, included in the 
transistor header. 

0031. In one illustrative embodiment of the invention, a 
transistor header assembly is disclosed. The transistor 
header assembly includes a base through which a platform 
extends. The platform includes a conductive pathway that is 
electrically connected to an EML laser. The EML laser is 
mechanically Secured to the platform. A cap is Secured to the 
base So as to create an enclosed transistor header assembly. 
0032. According to yet another embodiment of the inven 
tion, a transistor header has a base that is divided into a 
device Side and a connector Side. A platform extends through 
the base. A conductive pathway is disposed on the base. The 
conductive pathway forms a connector on the connector Side 
of the base. The conductive pathway further forms a mount 
ing location on the device side of the base. The conductive 
pathway is arranged to form a transmission line for matching 
the impedance of a device that may be mounted on the 
component mounting location on the device Side of the base 
to a circuit that may be connected to the connector on the 
connector Side of the base. 

0033. In yet another embodiment, a transistor header is 
disclosed having a platform extending through a base of the 
header, as in previous embodiments. The platform includes 
multiple Stacked layers, wherein each layer defines a plu 
rality of Specified conductive pathways that extend through 
the header base to interconnect optoelectronic devices dis 
posed on a portion of the platform inside the header with 
other components disposed outside of the header. The multi 
layer design of the platform allows not only for a relative 
increase in the number of interconnects available for use 
within the header, but also for the electrical isolation of the 
conductive pathways from other portions of the header 
assembly to enable their passage from the exterior portion to 
the interior portion thereof. The multi-layer platform further 
enables Specialized components to be positioned within the 
header assembly to enhance operation thereof. Such com 
ponents include, for example, the EML laser configuration 
outlined above, thermoelectric coolers, wavelength lockers, 
and optimized monitor photodiodes. 
0034. These and other features of the present invention 
will become more fully apparent from the following descrip 
tion and appended claims, or may be learned by the practice 
of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035) To further clarify the above and other advantages 
and features of the present invention, a more particular 
description of the invention will be rendered by reference to 
specific embodiments thereof that are illustrated in the 
appended drawings. It is appreciated that these drawings 
depict only typical embodiments of the invention and are 
therefore not to be considered limiting of its Scope. The 
invention will be described and explained with additional 
Specificity and detail through the use of the accompanying 
drawings in which: 
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0036 FIG. 1A is a perspective view illustrating various 
aspects of the device Side of an exemplary embodiment of a 
header assembly; 
0037 FIG. 1B is a perspective view illustrating various 
aspects of the connector Side of an exemplary embodiment 
of a header assembly; 
0038 FIG. 2A is a perspective view illustrating various 
aspects of the device Side of an alternative embodiment of a 
header assembly; 
0039 FIG. 2B is a perspective view illustrating various 
aspects of the connector Side of an alternative embodiment 
of a header assembly; 
0040 FIG. 3A is a perspective view illustrating various 
aspects of the device Side of another alternative embodiment 
of a header assembly; 
0041 FIG. 3B is a perspective view illustrating various 
aspects of the connector Side of another alternative embodi 
ment of a header assembly; 
0042 FIG. 4A is a top perspective view of an exemplary 
embodiment of a header including active devices mounted 
on a TEC disposed within a hermetic chamber; 
0043 FIG. 4B is a bottom perspective view of the 
exemplary embodiment illustrated in FIG. 4A; 
0044 FIG. 4C is a cross-section view illustrating various 
aspects of the exemplary embodiment presented in FIGS. 
4A and 4B; 

004.5 FIG. 4D is a cross-section view taken along line 
4D-4D of FIG. 4C and illustrates various aspects of an 
exemplary arrangement of a TEC in a header assembly; 

0046 FIG. 4E is a side view illustrating aspects of an 
exemplary electrical connection Scheme for the header 
assembly and a printed circuit board; 

0047 FIG. 4F illustrates various aspects of an alternative 
platform/TEC configuration where the TEC is located out 
Side the hermetic chamber; 

0048 FIG. 5 is a perspective view of an exemplary 
transmitter optical Subassembly with a transistor header 
assembly and an EML as well as optics, Such as a lens, 
isolator, and a receptacle for an optical cable Such as an LC 
cable; 

0049 FIG. 6 is a perspective view of a transmitter optical 
Subassembly having a header assembly configured in accor 
dance with another embodiment of the present invention; 
0050 FIG. 7A is a perspective view of the header 
assembly comprising part of the transmitter optical Subas 
sembly shown in FIG. 6; 

0051 FIG. 7B is a side view of the header assembly of 
FIG. 7A, 

0.052 FIG. 8A is a perspective view of the header 
assembly of FIG. 7A with the circular base removed; 
0053 FIG. 8B is a top view of the header assembly of 
FIG. 8A: 

0054 FIG. 9 is a top view of one layer of the multi-layer 
platform of the header assembly of FIG. 7A, 
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0055 FIG. 10 is a top view of another layer of the 
multi-layer platform of the header assembly of FIG. 7A, 
0056 FIG. 11A is a perspective view of a header assem 
bly configured in accordance with another embodiment of 
the present invention; 
0057 FIG. 11B is a side view of the header assembly of 
FIG. 11A; 
0.058 FIG. 12 is a top view of the header assembly of 
FIG. 11A with the circular base removed; 
0059 FIG. 13 is a top view of one layer of the multi-layer 
platform of the header assembly of FIG. 11A; 
0060 FIG. 14 is a top view of another layer of the 
multi-layer platform of the header assembly of FIG. 11A; 

0061 FIG. 15 is a bottom view of the layer in FIG. 14; 
and 

0062 FIG. 16 is a bottom view of yet another layer of the 
multi-layer platform of the header assembly of FIG. 11A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.063 Reference will now be made to figures wherein like 
Structures will be provided with like reference designations. 
It is understood that the drawings are diagrammatic and 
Schematic representations of presently preferred embodi 
ments of the invention, and are not limiting of the present 
invention nor are they necessarily drawn to Scale. 
0.064 FIGS. 1-16 depict various features of embodiments 
of the present invention, which is generally directed to an 
improved header assembly that permits enhanced function 
ality of components disposed therein. In particular, various 
embodiments of the present invention disclose a multi-layer 
feedthrough Structure that is integrated with the header 
assembly for use in Small form factor optical transceiver 
modules. The multi-layer configuration of the feedthrough 
enables a significant expansion of both the number and types 
of optoelectronic components that can be positioned within 
the header assembly. Examples of Such components that can 
be utilized include EML and various other types of lasers, 
monitor photodiodes, and thermoelectric coolers. 
0065. In presently preferred embodiments the header 
assembly of the present invention is configured for use 
within optical transceiver modules adhering to the XFP 
Standard. At the time of the filing of this patent application, 
the XFP standard is the XFPAdopted Revision 3.1, promul 
gated by the 10 Gigabit Small Form Factor Pluggable (XFP) 
MultiSource Agreement (MSA) Group. This XFPAdopted 
Revision 3.1 document is incorporated herein by reference. 
As used herein, the terms “XFP standard” and “XFP Multi 
Source Agreement” refer to the Adopted Revision 3.1. These 
terms also refer to any Subsequent drafts or final agreements 
to the extent that any Such Subsequent drafts or final agree 
ments are compatible with Adopted Revision 3.1. 
0.066 1. Header Assemblies 
0067 Reference is first made to FIGS. 1A and 1B 
together, which illustrate perspective views of one presently 
preferred embodiment of a header assembly, designated 
generally at 200. In the illustrated example, the header 
assembly 200 includes a substantially cylindrical metallic 
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base 10. The base 10 includes two flanges 90 for releasably 
Securing the header 200 to a receptacle (not shown) on a 
higher level opto-mechanical assembly. The base can be 
formed of Alloy 42, which is an iron nickel alloy, as well as 
cold-rolled steel, Vacon VCF-25 Alloy, or Kovar. The base 
10 also includes a ceramic platform 70 extending perpen 
dicularly through the base as shown. The ceramic platform 
is hermetically Sealed to the base to provide mechanical and 
environmental protection for the components contained in 
the TO package. Ceramic materials may include alumina 
(AlO) or aluminum nitride (AIN). 
0068. The hermetic seal between the base 10 and the 
platform 70 is created by electrically insulating glass-to 
metal seals. Alternatively, the platform 70 may incorporate 
two additional ceramic outer layers to electrically isolate the 
outermost conductors. In this Second case, a metal braze or 
solder can be used to hermetically seal the platform 70 to the 
metal base. This Solution overcomes the principal shortcom 
ings of glasses, namely their low Strength, brittleness, and 
low thermal conductivity. 
0069. The platform 70 is structured to house multiple 
electrical components 50 and 100, and active devices 60 on 
either side of the base. In the illustrated embodiment, the 
active device 60 comprises a Semiconductor laser, and the 
components 50 and 100 may include resistors, capacitors, 
and inductors that are used to balance the driving impedance 
of the laser with the component impedance. AS discussed in 
more detail below, impedance matching circuits may also be 
created by etching electrical traces that have various capaci 
tive, inductive or resistive properties, on platform 70. In 
addition to matching, components may have peripheral 
functions Such as measuring temperature, Sensing laser 
optical power or wavelength, etc. AS it is important for a 
Semiconductor laser to be precisely positioned perpendicu 
larly to the base 10, platform 70 is, therefore, precisely 
positioned perpendicularly with respect to the base 10. 
0070 Where active device 60 comprises a semiconductor 
laser, a small deviation in the position of active device 60, 
in relation to base 10 can cause a large deviation in the 
direction of the emitted laser beam. Accurate perpendicu 
larity between the platform and the base can be achieved by 
incorporating a vertical pedestal feature in the base material, 
as shown on FIG. 1A. The vertical pedestal houses the 
photodiode 30 in the embodiment shown in FIG. 1A. Such 
feature can be machined, Stamped, or metal injection molded 
directly with the base thus providing a stable and geometri 
cally accurate Surface for mating with the platform. 
0071. The platform 70 further includes multiple electri 
cally isolated conductive pathways 110 extending through 
out the platform 70 and consequently through the base 10. 
The conductive pathways 110 provide the electrical connec 
tions necessary between electrical devices or components 
located throughout the platform 70. The conductive path 
ways 110 form a connector on that side of the base that does 
not include the semiconductor laser 60, also referred to 
herein as the “connector side' of the base. Note in connec 
tion with the foregoing that the side of the base where the 
active device 60 is located may in some instances be referred 
to herein as the “device side' of the base. 

0072 The connector formed by the conductive pathways 
110 is used to electrically connect the header assembly 200 
to a Second electrical Subassembly, Such as a printed circuit 
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board, either directly (for example, by Solder connection) or 
indirectly by an intermediary device Such as a flexible 
printed circuit. The semiconductor laser 60 is electrically 
connected to the electrical components 50 and 100 via the 
conductive pathways 110. 
0073. The platform 70 may also comprise multiple layers 
wherein each layer may have a conductive layer with 
various conductive pathways 110. In this way numerous 
conductive pathways 110 may be constructed for use with 
various components disposed on the platform 70. Generally, 
the layers are electrically isolated from one another, how 
ever various conductive pathways 110 on different layers 
may be connected by a via Such as is commonly known in 
printed circuit board arts. 
0.074. Further, the conductive pathways 10 can be shaped 
and placed Such that they have controlled capacitive, induc 
tive, or resistive effects to create waveguides Such as a 
microStrip or Stripline (cpw, etc.). For example, knowing 
certain characteristics about the materials used in making the 
conductive pathways 110 and the materials of the various 
layers of the platform 70, passive electrical devices can be 
constructed by appropriately configuring the conductive 
pathways 110. In this way, a transmission line with known 
characteristics can be created for use with active devices 60 
attached to the platform 70. As noted above, by matching the 
characteristics of the transmission line connected to active 
devices 60 with the active devices’ 60 load impedance, 
electrical reflections that cause transmission errors and 
lower power output can be reduced or in many cases 
eliminated. 

0075. By constructing a transmission line that matches 
active device 60 impedance on the platform 70 from the 
conductive traces 110, the need to add additional discrete 
matching components is eliminated often resulting in better 
overall circuit performance. In fact, previously due to the 
lack of adequate matching circuits, applications involving 
transistor headers have been limited to 10 Gb/s. With the 
improvements of using a transmission line constructed on 
the platform 70, applications up to 40 Gb/s or more can be 
implemented. 

0.076 While the preceding description has discussed 
active devices 60 in terms of lasers, it should be noted that 
the transmission lines may also be formed Such that a 
matching circuit for other Semiconductor devices is con 
Structed. For example, the transmission lines may be used to 
connect directly to a laser, Such as in the case of DFB lasers. 
Alternately, the transmission lines may be used to connect to 
an EA modulator, for example, Such as in the case of EMLS 
that incorporate a DFB laser and an EA modulator. As 
discussed herein, the impedance values of the impedance 
matching transmission lines depend on the load impedance 
of the active devices attached to the platform 70. 
0.077 External components, while still useful, are not 
ideal for impedance matching because they often represent 
an additional load that must be driven by the power Supply 
driving the electronic component, Such as when resistors are 
used to match the active device 60 load impedance. Addi 
tionally, although the external components may be placed 
reasonably close to the active devices 60, there is always 
Some Small distance between the external components and 
the active devices 60 that acts as an unmatched transmission 
line. 
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0078. The use of advanced ceramic materials, examples 
of which include aluminum nitride and beryllia, allows the 
header assembly 200 to achieve substantially lower thermal 
resistances between the devices inside the package and the 
outside world where heat is Q ultimately transferred. As 
discussed in further detail below in the context of an 
alternative embodiment of the invention, a cooling device, 
such as a thermoelectric cooler (“TEC), a U heat pipe or a 
metal heat spreader, can be mounted directly on the plat 
form, thereby providing for a very Short thermal path 
between the temperature Sensitive devices on the platform 
and a heat Sink located outside the header assembly. 
0079. As is further shown in FIGS. 1A and 1B, the 
header assembly 200 additionally includes two conductive 
leads 40 extending through and out both sides of the base 10. 
The conductive leads 40 are hermetically sealed to the base 
10 to provide mechanical and environmental protection for 
the components contained in the TO package between the 
conductive leads 40 and the base 10. The hermetic Seal 
between the conductive leads 40 and the base 10 is created, 
for example, by glass or other comparable hermetic insu 
lating materials that are known in the art. The conductive 
leads 40 can also be used to electrically connect devices 
and/or components located on opposite Sides of the base. 
0080. In the illustrated embodiment at least, the conduc 
tive leads 40 extend out from the side of the base 10 that 
does not contain the Semiconductor laser 60, in a manner 
that allows for the electrical connection of the header 
assembly 200 with a specific header receptacle located on, 
for example, a printed circuit board. It is important to note 
that conductive pathways 110 and conductive leads 40 
perform the same function and that the number of potential 
conductive pathways 110 is far greater than the potential 
number of conductive leads 40. Alternative embodiments 
can incorporate even more conductive pathways 110 than 
shown in the illustrated embodiment. 

0081. The platform 70 further includes steps and recessed 
areas that permit mounting devices with various thicknesses 
flush with the metal pads on the ceramic. This allows the use 
of the shortest electrical interconnects, wire bonds for 
example, having improved electrical performance and char 
acteristics. This also provides optical benefits by, for 
example, aligning the active region of a laser mounted on the 
platform with the optical axis of the package. 
0082 The photodiode 30 is used to detect the signal 
strength of the semiconductor laser 60 and relay this infor 
mation back to control circuitry of the Semiconductor laser 
60. In the illustrated embodiment, the photodiode can be 
directly connected to the conductive leads 40. Alternatively, 
the photodiode can be mounted directly onto the same 
platform as the laser, in a recessed position with respect to 
the light emitting area. This recessed position allows the 
photodiode to capture a fraction of the light emitted by the 
laser, thus allowing the photodiode to perform the same 
monitoring function. 
0083. This configuration of the monitoring photodiode 
allows for eliminating the need of conductive leads 40, and 
lends itself to Simplified electrical connections, Such as wire 
bonds, to the conductive pathways 110 of the platform 70. In 
an alternative embodiment, the photodiode light gathering 
can be increased by positioning an optical element on the 
base for focusing or redirecting light, Such as a mirror, or by 
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directly shaping and/or coating the base metal to focus 
additional light onto the photodiode. 

0084 As is further shown in FIG. 1A, the base 10 
includes a protruding portion 45 that is configured to releas 
ably position or locate a cap (not shown) over one side of the 
base 10. A cap can be placed over the side of the base 10 
containing the Semiconductor laser 60 for the purpose of 
protecting the Semiconductor laser 60 from potentially 
destructive particles. A transparent cap is preferable for the 
illustrated embodiment So as to allow the laser light to 
escape the region between the cap and the base 10. 

0085) Reference is next made to FIGS. 2A and 2B, 
which illustrate perspective views of an alternative embodi 
ment of a header assembly, designated generally at 300. This 
alternative embodiment shows an optical receiver 360 
mounted horizontally on the platform 370 perpendicularly 
bisecting the base 310 of the header assembly 300. The 
optical receiver can be a photodetector or any other device 
capable of receiving optical Signals. The optical receiver 360 
is mounted flat on the platform 370 and detects light signals 
through the side facing away from the base 310. This type 
of optical receiver is Sometimes referred to as an "edge 
detecting detector. The base 310 and platform 370 are 
described in more detail with reference to FIGS. 1A and 1B. 
The platform 370 contains electrical components 350, 400 
on either side of the base for operating the optical receiver 
360. The platform 370 also includes conductive pathways 
410 for electrically connecting devices or components on 
either side of the base 310. This embodiment of a header 
assembly does not contain conductive leads and therefore all 
electrical connections are made Via the conductive pathways 
410. 

0086) Reference is next made to FIGS. 3A and 3B, 
which illustrate perspective views of yet another alternative 
embodiment of a header assembly, designated generally at 
500. This alternative embodiment also shows an optical 
receiver 530 mounted vertically on the base 510. The optical 
receiver can be a photodetector or any other device capable 
of receiving optical signals. This is an optical receiver 530 
which detects light signals from the top of the device. The 
base 510 and platform 570 are described in more detail with 
reference to FIGS. 1A and 1B. The platform 570 contains 
electrical components 550, 600 on either side of the base for 
operating the optical receiver 530. The platform 570 also 
includes conductive pathways 510 for electrically connect 
ing devices or components on either side of the base 510. 
This embodiment of a header assembly does not contain 
conductive leads and therefore all electrical connections are 
made via the conductive pathways 410. 

0087. In other embodiments of the invention, the optical 
receiver 360 or optical receiver 530 is an avalanche photo 
diode (APD). Generally, APDs represent a good choice for 
an optical receiver because they have good noise and gain 
characteristics. Specifically, the wide gain bandwidth prod 
uct of APDs allows for more versatility in design such that 
noise can be reduced and transmission distances increased. 
Unlike the transmitter designs disclosed herein, these receiv 
ers often include active Semiconductor integrated circuits 
mounted next to the receiver pin diode or APD, generally in 
the form of a transimpedance amplifier (TIA) or a TIA with 
a limiting amplifier (TIALA). 
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0088 2. Thermoelectric Coolers Used with Header 
Assemblies 

0089 Directing attention now to FIGS. 4A through 4D, 
various aspects of an alternative embodiment of a header 
assembly, generally designated at 700, are illustrated. The 
embodiment of the header assembly illustrated in FIGS. 4A 
through 4D is similar in many regards to one or more of the 
embodiments of the header assembly illustrated in FIGS. 1A 
through 3B. Accordingly, the discussions of FIGS. 4A 
through 4D will focus primarily on certain selected aspects 
of the header assembly 700 illustrated there. Note that in one 
embodiment of the invention, header assembly 700 com 
prises a transistor header. However, header assembly 700 is 
not limited Solely to that exemplary embodiment. 
0090. As indicated in FIGS. 4A through 4D, header 
assembly 700 generally includes a base 702 through which 
a platform 800 passes. The platform 800 is configured to 
receive a cooling device 900 upon which various devices 
and circuitry are mounted. Note that while it may be referred 
to herein as a “cooling” device 900, the cooling device 900 
may, depending upon its type and the application where it is 
employed, Serves both to heat and/or cool various compo 
nents and devices. Finally, a cap 704 mounted to, and 
cooperating with, base 702, Serves to define a hermetic 
chamber 706 (FIG. 4E), which encloses cooling device 900 
and the mounted devices and circuitry. 
0091 AS discussed in further detail below, a variety of 
means may be employed to perform the functions disclosed 
herein, of a cooling device. Thus, the embodiments of the 
cooling device disclosed and discussed herein are but exem 
plary Structures that function as a means for transferring 
heat. Accordingly, it should be understood that Such struc 
tural configurations are presented herein Solely by way of 
example and should not be construed as limiting the Scope 
of the present invention in any way. Rather, any other 
Structure or combination of Structures effective in imple 
menting the functionality disclosed herein may likewise be 
employed. 

0092. With continuing attention to FIGS. 4A and 4B, and 
directing attention also to FIGS. 4C and 4D, further details 
are provided concerning various aspects of platform 800. In 
the illustrated embodiment, platform 800 is disposed sub 
stantially perpendicularly with respect to base 702. In par 
ticular, base 702 includes a device side 702A and a connec 
tor side 702B, and platform 800 passes completely through 
base 702, so that an inside portion 801A of platform 800 is 
disposed on device side 702A of base 700 and outside 
portion 801B of platform 800 is disposed on connector side 
702B of base 702. However, this arrangement of platform 
800 is exemplary only, and various other arrangements of 
platform 800 may alternatively be employed consistent with 
the requirements of a particular application. 

0093. In the illustrated embodiment, platform 800 
includes a first feedthrough 802 having a multi-layer con 
struction that includes one or more layers 804 of conductive 
pathways 806 (see FIG. 4A). In general, conductive path 
ways 806 permit electrical communication among the vari 
ous components and devices (removed for clarity) disposed 
on platform 800, while also permitting such components and 
devices to electrically communicate with other components 
and devices that are not a part of platform 800. Moreover, 
conductive pathways 806 cooperate to form a connector 810 
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situated on the outside portion 801B of platform 800, on the 
connector side 702B of base 700. In general, connector 810 
facilitates electrical communication between header assem 
bly 700 and other components and devices such as, but not 
limited to, printed circuit boards (see FIG. 4E). In one 
embodiment, connector 810 comprises an edge connector, 
but any other form of connector may alternatively be used, 
consistent with the requirements of a particular application. 
As discussed in further detail below, first feedthrough 802 
may include cutouts 811 or other geometric features which 
permit direct access to, and electrical connection with, one 
or more conductive pathways 806 disposed on an inner layer 
of first feedthrough 802. 

0094) In addition to the first feedthrough 802, platform 
800 further includes a second feedthrough 812 to which the 
first feedthrough 802 is attached. Note that in the exemplary 
illustrated embodiment, first feedthrough 810, with the 
exception of conductive pathways 806, often is formed from 
a ceramic material that is generally resistant to heat con 
duction. However, other ceramic materials, Such as AIN, are 
conductive of heat and can be used to assist in the transfer 
of heat out of the package. Second feedthrough 812 in the 
illustrated embodiment comprises a material that is gener 
ally useful as a heat conductor, Such as a metal. Copper and 
copper alloys, Such as CuW, are examples of metals that are 
suitable in some applications. Thus, platform 800 is gener 
ally configured to combine heat conductive elements with 
non-heat conductive elements So as to produce a desired 
effect or result concerning the device wherein platform 800 
is employed. 

0.095. In connection with the foregoing, it should be 
noted further that ceramics and metals are exemplary mate 
rials only and any other material or combination thereof that 
will facilitate implementation of the functionality disclosed 
herein may alternatively be employed. Moreover, other 
embodiments of the invention may employ different 
arrangements and numbers of, for example, conductive and 
non-conductive feedthroughs, or feedthroughs having other 
desirable characteristics. Accordingly, the illustrated 
embodiments are exemplary only and should not be con 
Strued to limit the Scope of the invention in any way. 
0.096] With respect to their configurations, the geometry 
of both first feedthrough 802 and second feedthrough 812 
may generally be configured as necessary to Suit the require 
ments of a particular application or device. In the exemplary 
embodiment illustrated in FIGS. 4A through 4D, second 
feedthrough 812 incorporates a step 812A feature which 
Serves to, among other things, provide Support for cooling 
device 900 and, as discussed in further detail below, to 
ensure that devices mounted to cooling device 900 are 
Situated at a desirable location and orientation. AS further 
indicated in FIG. 4D, for example, second feedthrough 812 
defines a Semi-cylindrical bottom that generally conforms to 
the shape of cap 704 and contributes to the stability of 
cooling device 900, as well as providing a relatively large 
conductive mass that aids in heat conduction to and/or from, 
as applicable, cooling device 900 and other devices. 

0097 As suggested earlier, platform 800 also serves to 
provide Support to cooling device 900. Directing renewed 
attention now to FIGS. 4A through 4D, details are provided 
concerning various aspects of cooling device 900. In par 
ticular, a cooling device 900 is provided that is mounted is 
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directly to platform 800. In an exemplary embodiment, 
cooling device 900 comprises a thermoelectric cooler 
(“TEC) that relies for its operation and usefulness on the 
Peltier effect wherein electrical power supplied to the TEC 
may, according to the requirements of a particular applica 
tion, cause Selected portions of the TEC to generate heat 
and/or provide a cooling effect. Exemplary construction 
materials for the TEC may include, but are not limited to, 
bismuth telluride (Bi-Te), and other Such materials 
designed to maximize the thermo-electric effect. These 
materials are Selected to have minimum thermal conductiv 
ity, Since it is directly parasitic to the cooling/heating effect 
(one u side gets cold, the other hot, and the device itself is 
a direct short). The platform 800 is highly thermally con 
ductive, and can be formed from Cu or CuW. 
0098. Note that the TEC represents an exemplary con 
figuration only, and various other types of cooling devices 
may alternatively be employed as required to Suit the 
dictates of a particular application. By way of example, 
where active temperature control of one or more electronic 
devices 1000, aspects of which are discussed in more detail 
below, is not required, the TEC may be replaced with a 
thermally conductive Spacer, laser control circuitry, laser 
power Supply circuitry or other Similar devices. Further 
more, a combination of devices may be placed into transistor 
header in the location showing the TEC in FIGS. 4A-4D. 
0099. In addition to providing heating and/or cooling 
functionality, cooling device 900 also includes a submount 
902 that supports various electronic devices 1000 such as, 
but not limited to, resistors, capacitors, and inductors, as 
well as optical devices Such as mirrors, lasers, and optical 
receivers. Thus, cooling device 900 is directly thermally 
coupled to electronic devices 1000. 
0100. In one exemplary embodiment, the electronic 
devices 1000 include a laser 1002, Such as a semiconductor 
laser, or other optical Signal Source. With regard to devices 
such as laser 1002, at least, cooling device 900 is positioned 
and configured to ensure that laser 1002 is maintained in a 
desired position and orientation. By way of example, in 
Some embodiments of the invention, cooling device 900 is 
positioned So that an emitting Surface of laser 102 is posi 
tioned at, and aligned with, a longitudinal axis A-A of header 
assembly 700 (FIG. 4C). 
0101. Note that although reference is made herein to the 
use of a laser 1002 in conjunction with cooling device 900, 
it should be understood that embodiments employing laser 
1002 are exemplary only and that additional or alternative 
devices may likewise be employed. Accordingly, the Scope 
of the invention should not be construed to be limited solely 
to lasers and laser applications. 
0102) In at least some of those embodiments where a 
laser 1002 is employed, a photodiode 1004 and thermistor 
1006 (FIG. 4A) are also mounted on, or proximate to, 
submount 902 of cooling device 900. In general, photodiode 
1004 is optically coupled with laser 1002 such that photo 
diode 1004 receives at least a portion of the light emitted by 
laser 1002, and thereby aids in gathering light intensity data 
concerning laser 1002 emissions. Further, thermistor 1006 is 
thermally coupled with laser 1002, thus permitting the 
gathering of data concerning the temperature of laser 1002. 
There may also be a wavelength locking circuit having two 
Separate photodiodes with different wavelength-sensitive 
responses, which is known as a wavelocker. 
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0103) In some embodiments, photodiode 1004 comprises 
a 45 degree monitor photodiode. The use of this type of 
diode permits the related components, such as laser 1002 
and thermistor 1006 for example, to be mounted and wire 
bonded on the Same Surface. Typically, the 45 degree moni 
tor diode is arranged So that light emitted from the back of 
laser 1002 is refracted on an inclined Surface of the monitor 
diode and captured on a top Sensitive Surface of the monitor 
diode. In this way, the monitor diode is able to Sense the 
intensity of the optical Signal emitted by the laser. 

0104) Note that in those embodiments where a laser 1002 
is employed, cap 704 includes an optically transparent 
portion, or window, 704A through which light signals gen 
erated by the laser 1002 are emitted. Similarly, in the event 
electronic device 1000 comprises other optical devices, such 
as an optical receiver, cap 704 would likewise include a 
window 704A aso as to permit reception, by the optical 
receiver, of light signals. AS Suggested by the foregoing, the 
construction and configuration of cap 704 may generally be 
Selected as required to Suit the parameters of a particular 
application. 

0105. In view of the foregoing general discussion con 
cerning various electronic devices 1000 that may be 
employed in conjunction with cooling device 900, further 
attention is directed now to certain aspects of the relation 
between such electronic devices 1000 and cooling device 
900. In general, cooling device 900 may be employed to 
remove heat from, or add heat to, one or more of the 
electronic devices 1000, Such as laser 1002, to achieve a 
desired effect. As discussed in further detail herein, the 
capability to add and remove heat, as necessary, from a 
device such as laser 1002, may be employed to control the 
performance of laser 1002, such as wavelength stability for 
DWDM applications 

0106. In an exemplary embodiment, the heating and 
cooling, as applicable, of electronic devices 1000 is 
achieved with a cooling device 900 that comprises a TEC. 
Various aspects of the arrangement and disposition of elec 
tronic devices 1000, as well as cooling device 900, serve to 
enhance these ends. By way of example, because electronic 
devices 1000 are mounted directly to cooling device 900 
results in a relatively short thermal path between electronic 
devices 1000 and cooling device 900. Generally, such a 
relatively shorter thermal path between components trans 
lates to a corresponding increase in the efficiency with which 
heat may be transferred between those components. Such a 
result is particularly useful where devices whose operation 
and performance is highly Sensitive to heat and temperature 
changes, Such as lasers, are concerned. Moreover, a rela 
tively short thermal path also permits the transfer of heat to 
be implemented relatively more quickly than would other 
wise be the case. Because heat transfer is implemented 
relatively quickly, this exemplary arrangement can be used 
to effectively and reliably maintain the temperature of laser 
1002 or other devices. 

0107 Another aspect of at least some embodiments 
relates to the location of cooling device 900 relative, not just 
to electronic devices 1000, but to other components, 
devices, and structures of header assembly 700. In particu 
lar, because cooling device 900 is located so that the 
potential for heat transmission, whether radiative, conduc 
tive, or convective, from other components, devices, and 
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structures of header assembly 700 to cooling device 900 is 
relatively limited, the passive heat load imposed on cooling 
device 900 by Such other components and structures is 
relatively Small. Note that, as contemplated herein, the 
“passive’ heat load generally refers to heat transferred to 
cooling device 900 by structures and devices other than 
those upon which cooling device 900 is primarily intended 
to exert a heating and/or cooling effect. Thus, in this 
exemplary embodiment, “passive’ heat loads refers to all 
heat loads imposed on cooling device 900 except for those 
heat loads imposed by electronic devices 1000. 

0108. The relative reduction in heat load experienced by 
cooling device 900 as a consequence of its location has a 
variety of implications. For example, the reduced heat load 
means that a relatively smaller cooling device 900 may be 
employed than would otherwise be the case. This is a 
desirable result, particularly in applications Such as header 
assemblies where space may be limited. AS another 
example, a relatively smaller cooling device 900, at least 
where cooling device 900 comprises a TEC, translates to a 
relative decrease in the amount of power required to operate 
cooling device 900. This effect is quite significant, since 
TECs are very inefficient. The power to effectively cool is 
much more than the load, So any reduction in load has a 
multiplicative benefit. Another consideration relating to the 
location of cooling device 900 concerns the performance of 
laser 1002 and the other electronic components 1000 dis 
posed in hermetic chamber 706. In particular, the placement 
of cooling devices 900, such as TECs that include a “cold” 
connection, in hermetic chamber 706 substantially fore 
closes the occurrence of condensation, and the resulting 
damage to other components and devices of header assem 
bly 700, caused by the cold connection, that might otherwise 
result if cooling device 900 were located outside hermetic 
chamber 706. 

0109. In addition to the heat transfer effects that may be 
achieved by way of the location of cooling device 900, and 
the relatively short thermal path that is defined between 
cooling device 900 and the electronic devices 1000 mounted 
to submount 902 of cooling device 900, yet other heat 
transfer effects may be realized by way of various modifi 
cations to the geometry of cooling device 900. In connection 
with the foregoing, it is generally the case that by increasing 
the size of cooling device 900, a relative increase in the 
capacity of cooling device 900 to process heat will be 
realized. 

0110. In this regard, it should be noted that it is the case 
in many applications that the diameter of base 702 is often 
constrained to fit within certain predetermined form factors 
or dimensional requirements and that Such form factors and 
dimensional requirements, accordingly, have certain impli 
cations with respect to the geometric and dimensional con 
figuration of cooling device 900. 

0111. By way of example, the diametric requirements 
placed on base 702 may serve to limit the overall height and 
width of cooling device 900 (see, e.g., FIG. 4D). In contrast 
however, the overall length of header assembly 700 is 
generally not So rigidly constrained. Accordingly, certain 
aspects of cooling device 900, Such as its length for example, 
may desirably be adjusted to Suit the requirements of a 
particular application. In the case of a TEC, for example, 
Such a dimensional increase translates into a relative 
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increase in the amount of heat that cooling device 900 can 
process. AS noted earlier, Such heat processing may include 
transmitting heat to, and/or removing heat from, one or more 
of the electronic (components 1000, such as laser 1002. 
0112 Moreover, various dimensions and geometric 
aspects of cooling device 900 may be varied to achieve other 
thermal effects as well. By way of example, in the event 
cooling device 900 comprises a TEC, a relatively smaller 
cooling device 900 with a correspondingly low load and 
thermal mass will permit relatively quicker changes in the 
temperature of electronic devices 1000 mounted thereto. 
The low thermal mass of the load of the TEC enables rapid 
thermal Servoing and thus high-bandwidth temperature con 
trol. In the case where electronic device 1000 comprises a 
laser, this capability is particularly desirable as it lends itself 
to control of laser performance through the vehicle of 
temperature adjustments. 
0113 Turning now to consideration of the power require 
ments for cooling device 900, at least where it comprises a 
TEC, and electronic devices 1000, it was suggested earlier 
herein that those devices typically rely for their operation on 
a Supply of electrical power. Generally, the TEC must be 
electrically connected with platform 800 so that power for 
the operation of the TEC, transmitted from a power source 
(not shown) to platform 800, can be directed to the TEC. 
Additionally, power is supplied to electronic devices 1000 
by way of platform 800, and electronic devices 1000 must, 
accordingly, be connected with one or more of the conduc 
tive pathways 806 of platform 800. 
0114. The foregoing electrical connections and configu 
rations may be implemented in a variety of ways. Various 
aspects of exemplary connection Schemes are illustrated in 
FIGS. 4A, 4B and 4E. With reference first to FIG. 4B, the 
underside of submount 902 of cooling device 900 is con 
nected with conductive elements 814 disposed on the under 
side of first feedthrough 802, by way of connectors 816 Such 
as, but not limited to, wire bonds. Such conductive elements 
814 may be electrically connected with selected conductive 
pathways 806 (see FIG. 4A) and/or connector 810, that are 
ultimately connected with an electrical power Source (not 
shown). 
0115 Directing attention next to FIG. 4A, details are 
provided concerning various aspects of the electrical con 
nection of electronic devices 1000 disposed on Submount 
902. As noted earlier, and illustrated in FIG. 4A, some 
embodiments of platform 800 include one or more cutouts 
811, or other geometric feature that, that permits direct 
connection of electronic devices 1000, Such as laser 1002 to 
one or more conductive pathways 806 disposed within first 
feedthrough 802 of platform 800. This connection may be 
implemented by way of connectors 816, such as bond wires, 
or other appropriate Structures or devices. In addition to the 
aforementioned connection, and as illustrated in FIG. 4E, at 
least Some embodiments of the invention further include a 
flex circuit 820, or similar device, which serves to electri 
cally interconnect platform 800 of header assembly 700 with 
another device, Such as a printed circuit board. 
0116. With attention now to FIGS. 4A through 4D, 
details are provided concerning various operational aspects 
of header assembly 700. In general, power is provided to 
laser 1002 and/or other electrical components 1000 by way 
of connector 810, conductive pathways 806, and connectors 
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818. In response, laser 1002 emits an optical signal. Heat 
generated as a result of the operation of laser 1002, and/or 
other electronic components 1000, is continuously removed 
by cooling device 900, which comprises a TEC in at least 
those cases where a laser 1002 is employed in header 
assembly 700, and transferred to second feedthrough 812 
upon which cooling device 900 is mounted. Ultimately, 
second feedthrough 812 transfers heat received from cooling 
device 900 out of header assembly 700. 

0117 Because cooling device 900 is disposed within 
hermetic chamber 706, the cold junction on cooling device 
900, where it comprises a TEC, does not produce any 
undesirable condensation that could harm other components 
or devices of header assembly 700. Moreover, the substan 
tial elimination of passive heat loads on cooling device 900, 
coupled with the definition of a relatively short thermal path 
between electronic components 1000, such as laser 1002, 
and cooling device 900, further enhances the efficiency with 
which heat can be removed from Such electronic compo 
nents and, accordingly, permits the use of relatively Smaller 
cooling devices 900. And, as discussed earlier, the relatively 
small size of cooling device 900 translates to a relative 
decrease in the power required to operate cooling device 
900. Yet other operational aspects of embodiments of the 
invention are considered in further detail below in the 
context of the discussion of a laser control System. 

0118 While, as noted earlier in connection with the 
discussion of FIGS. 4A through 4D, certain effects may be 
achieved by locating cooling device 900 within hermetic 
chamber 706, it is nevertheless desirable in Some cases to 
locate the cooling device outside of the hermetic chamber. 
Aspects of an exemplary embodiment of Such a configura 
tion are illustrated in FIG. 4F, where an alternative embodi 
ment of a header assembly is indicated generally at 1100. As 
the embodiment of the header assembly illustrated in FIG. 
4F is similar in many regards to one or more of the 
embodiments of the header assembly discussed elsewhere 
herein, the discussion of FIG. 4F will focus primarily on 
certain selected aspects of the header assembly 1100 illus 
trated there. 

0119) Similar to other embodiments, header assembly 
1100 includes a base 1102 having a device side 1102A and 
a connector side 1102B, through which a platform 1200 
passes in a Substantially perpendicular orientation. The 
platform 1200 includes an inside portion 1202A and an 
outside portion 1202B. One or more electronic devices 1300 
are attached to inside portion 1202A of platform 1200 so as 
to be substantially enclosed within a hermetic chamber 1104 
defined by a cap 1106 and base 1102. In the event that 
electronic device 1300 comprises an optical device, such as 
a laser, cap 1106 may further comprise an optically trans 
parent portion, or window, 1106A to permit optical Signals 
to be transmitted from and/or received by one or more 
electronic devices 1300 disposed within hermetic chamber 
1104. 

0120. With continuing reference to FIG. 4F, platform 
1200 further comprises a first feedthrough 1204, upon which 
electronic devices 1300 are mounted, joined to a second 
feedthrough 1206 that includes an inside portion 1206A and 
an outside portion 1206B. The outside portion 1206B of 
second feedthrough 1206 is, in turn, thermally coupled with 
a cooling device 1400. In the illustrated embodiment, cool 
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ing device 1400 comprises a TEC. However, other types of 
cooling devices may alternatively be employed. 
0121. In operation, heat generated by electronic devices 
1300 is transferred, generally by conduction, to second 
feedthrough 1206. The heat is then removed from 
feedthrough 1206 by way of cooling device 1400 which, in 
Some embodiments, comprises a TEC. AS in the case of 
other embodiments, a TEC may also be employed, if 
desired, to add heat to electronic devices 1300. 
0122) Thus positioned and arranged, cooling device 1400 
is able not only to implement various thermal effects, Such 
as heat removal or heat addition, with respect to electronic 
devices 1300 located inside or outside hermetic chamber 
1104, but also operates to process passive heat loads, which 
may be conductive, convective and/or radiative in nature, 
imposed by various components Such as the Structural 
elements of header assembly 1500. As noted herein in the 
context of the discussion of various other embodiments, 
variables Such as, but not limited to, the geometry, place 
ment, and construction materials of platform 1200 and 
cooling device 1400 may be adjusted as necessary to suit the 
requirements of a particular application. 
0123. Further, by locating the cooling device 900 external 
to the hermetic chamber, additional Space is available in the 
hermetic chamber for devices Such as laser control circuits, 
laser power Supplies, etc. 
0.124 AS Suggested earlier, the cooling devices con 
Structed and operated according to the invention may be 
usefully employed in the context of a laser control System. 
The laser control System includes a master control circuit, 
which may be a System that uses, for example, analog 
feedback or a digital microcontroller or microprocessor 
using A/D and D/A circuits. The master control circuit 
directly controls two or, in Some instances, three outputs. 
These outputs include the laser output irradiance and the 
TEC power (through a “power source” or TEC driver). It 
optionally, in the case of an EML, the master control circuit 
also controls modulator bias. Feedback to the control System 
is involves two, or in Some instances, three inputs. These 
inputs include laser launch irradiance detected by means of 
a monitor photodiode (MPD), or back facet (BF) monitor 
and laser temperature detected by means of a thermistor or 
another temperature Sensor. The inputs can also include 
wavelength detected by means of a wavelength locker, using 
two diodes or another suitable system. The sensors for 
measuring the inputs are in the header, while the bulk of the 
control circuit is on an external PCB. 

0.125 Because the TEC facilitates the transfer of heat 
from the laser, the laser control System maintains the tem 
perature of the laser below a critical value at which laser 
performance begins to degrade and reliability becomes an 
issue. In addition, embodiments of the laser control System 
of the invention also enable control of the temperature of the 
laser within a specified range independent of ambient tem 
perature conditions, So as to achieve certain ends Such as 
wavelength Stabilization. This permits the laser to be used 
for a DWDM application, for example. 
0.126 3. Externally Modulated Lasers Used with Header 
Assemblies 

0127. When designing a transistor header for implemen 
tation in a transceiver module, it is desirable to limit the 
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power consumption of the module Such that the power 
consumption is within the Specification of a particular stan 
dard for which the transceiver is designed. For example, it 
may be desirable to limit the power consumption of the 
transceiver to 3.5 W or another specified value to comply 
with, for example, the XFP standard. This power consump 
tion includes the power required to operate the active 
devices Such as lasers and control circuitry and the power 
required to actively pump heat away from heat generating 
devices in the module. The active temperature control, using 
devices such as a TEC, effectively conducts heat from the 
active devices within the header So the heat can be dissipated 
outside of the header using passive cooling devices, Such as 
heat sinks. To stay within the 3.5 W or other specified limits, 
the TEC or other active cooling System and the heat SinkS or 
other passive cooling devices must cooperate to transfer the 
thermal energy from the laser, thereby actively controlling 
the temperature of the laser. The active temperature control 
provided by the TEC controls wavelength stability of the 
laser and can enable the operating temperature of the laser 
to be selected. 

0128. The ability to dissipate heat from an assembly 
utilizing a transistor header via a passive cooling device is 
dependant on Several factors including the materials used in 
the assembly, the Surface area of the materials at various 
points, the temperature at which the heat generating com 
ponents operate and the ambient temperature in which the 
assembly operates. The factors can be Summarized by the 
equation: 

T - T. H = kA ) 

0129. Where H is the amount of heat transferred, k is a 
material constant, A is a Surface area, T is the operating 
temperature of the transistor header assembly, T is the 
ambient temperature in which the transistor header assembly 
is operated and L is the length of the passive cooling device. 
Thus, heat flow is dependant on the temperature differential 
between the ambient temperature and the operating tem 
perature. AS Such, if all other factors are held constant, an 
increase in the operating temperature causes a greater 
amount of heat to be transferred through the passive cooling 
device. 

0.130. In one embodiment of the invention using an EML, 
although other types of lasers and active devices may be 
used in similar embodiments, by operating the EML at 40 
C., the passive cooling achieved by conducting the heat 
generated by the laser and other devices Such as the laser 
driver to an external heat Sink is increased as compared to 
operating the embodiment at 25 C. or 30° C. because the 
differential between the operating temperature and the ambi 
ent temperature is increased. Given a certain amount of 
power dissipation within a header, there is a certain amount 
of heat that must leave the header and be dissipated into the 
environment to reach thermal equilibrium. The thermal 
resistance of the thermal path then determines the tempera 
ture difference between the inside of the header and the 
ambient temperature, according to the equation above. 
ASSuming an ambient environment of 25 C. or So, the laser, 
while operating, may get up to an idle temperature in the 
range of 45 C. to 50° C. without any active cooling because 
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of this thermal resistance. If a TEC were used to cool the 
EML down nearly to the ambient temperature of 25 C., the 
inefficiencies of the TEC would require very large amounts 
of power. The power required to operate the TEC can be 
reduced by cooling the EML from the idle temperature of 
45° C. to 50° C. to only 40° C. to 145° C. Thus, the amount 
of active temperature control that would otherwise be 
required can be reduced. Alternatively, the active tempera 
ture control may be located outside of the transistor header. 
0131 While this increase in operating temperature com 
pared to an operating temperature of 25 C. has Some effect 
on the wavelength of the laser beam transmitted by the EML 
(as well as other operating parameters), this effect can be 
counteracted by varying the current Supplied to the EML or 
by adjusting the signal to the EML driver. In an alternative 
embodiment, the EML may be specifically optimized to 
operate efficiently at 40 C. This optimization can be done 
by adjusting the electro-absorption band-gap of the modu 
lator when manufacturing the modulator. 
0132) Directing attention now to FIG. 5, the illustration 
shows an EML 2160 implemented in a transistor header 
2102 wherein the transistor header 2102 is implemented in 
an optical Subassembly 2100. The EML optical Subassembly 
2100 may be later installed in other components such as a 
pluggable transceiver module or any other Suitable device. 
The EML optical Subassembly 2100 incorporates a transistor 
header 2102 with a collimating lens assembly 2104, an 
isolator 2106, and a receptacle 2110. 
0133. The Subassembly 2100 generally comprises an 
outer casing 2108 for containing or Stabilizing the other 
components including the transistor header 2102, the colli 
mating lens assembly 2104, the isolator 2106, and the 
receptacle 2110. The outer casing 2108 may be constructed 
of any Suitable material, Such as Stainless Steel. 
0134. In one embodiment of the invention, internal to the 
casing 2108 and disposed in the transistor header 2102 is a 
laser diode 2160. The laser diode 2160 may be any laser 
Suitable for the particular application. For example, in a 
DWDM network, it may be desirable to use EMLS to take 
advantage of their narrow line width and low chirp values. 
In applications where precise wavelength control is not 
required, other types of laserS Such as DFB laserS may be 
used. Alternatively, when the Subassembly 2100 is intended 
to be used as a receiver, a photodiode Such as an APD or pin 
diode or any other Suitable diode may be used. 
0135 A collimating lens assembly 2104 is optically 
coupled to the laser diode 2160. The collimating lens 
assembly 2104 may be any suitable combination of lenses 
adapted to focus light from the laser diode 2160 such that the 
light can be further propagated in a fiber optic network. In 
a receiver application when a photo diode is used, the 
collimating lens assembly 2104 is adapted to focus light 
from the fiber optic network onto the photo diode. 
0.136 The isolator 2106 is adapted to prevent back reflec 
tion of light into the laser diode 2160. Back-reflections are 
generally caused when light travels from a medium having 
a first index of refraction into a medium with a Second, 
different index of refraction. Reflections back into a laser 
look like another cavity of the laser other than the primary, 
and destabilize the amplitude and wavelength of the laser 
light. Certain Standards have been developed that Specify 
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acceptable amounts of back-reflection. For example, 
SONET specifications require that a receiver have a back 
reflection ratio no greater than -27 dB. Other techniques can 
be used at the receiver to reduce optical return loSS or back 
reflections, including a variety of indeX matching and anti 
reflection techniques, Such as a combination of fiber Stubs, 
angle polished fibers or Stubs, anti-reflection coatings, and 
glass plates. 
0.137. A receptacle 2110 is optically coupled to the iso 
lator 2106. The receptacle is adapted to couple to other 
fiber-optic device in a pluggable manner. In one embodiment 
of the invention, the receptacle complies with the XFP 
Standard receptacle size for implementation in an XFP 
System, which is an LC fiber-optic cable receptacle. Other 
common receptacles are the SC and FC connectors. 
0.138 Further disposed in the transistor header 2102 as 
described elsewhere above, is a TEC cooler 2112. Also as 
noted above, the TEC cooler may be removed or replaced 
with other types of circuits when the Subassembly design 
allows for leSS cooling, or when there is no need for active 
wavelength stabilization in, for example, CWDM systems or 
Systems that do not use wavelength division multiplexing. 
0.139. As such, a transmitter optical Subassembly utilizing 
lasers, such as EMLS not previously able to be used in 
pluggable applications, is effectively implemented. Such 
transmitter optical Subassemblies can be further integrated 
into optical Systems to create a modular optical transmission 
network with good bandwidth and transmission distance 
characteristics. 

0140 4. Multi-Layer Ceramic Feed through Structure 
0141 Reference is now made to FIG. 6, depicting vari 
ous details of a transmitter optical Subassembly (“TOSA) 
3000. The TOSA.3000 as shown in FIG. 6 is configured for 
use within an optical transceiver module (not shown) that is 
capable of producing a modulated optical Signal for trans 
mission via an appropriate waveguide, Such as a fiber optic 
cable. Such optical signals are used, for instance, in optical 
communications networks for high Speed transmission of 
data, as has been discussed. 
0142. The TOSA 3000 comprises various components, 
many of which have already been described in connection 
with FIG. 5. Among these are a lens assembly 3004, an 
isolator 3006, an outer casing 3008, and a receptacle 3010. 
As various details concerning the TOSA 3000 and its 
components have been previously described in connection 
with previous figures, only Selected features of the embodi 
ments to follow will be discussed below. 

0143) The TOSA.3000 further includes a header assem 
bly made in accordance with one embodiment of the present 
invention. AS described in connection with previous 
embodiments, the header assembly, generally designated at 
3020, provides multiple functions for the TOSA.3000. First, 
the header assembly 3020 serves as an interconnect that 
enables the transfer of electrical Signals to and from com 
ponents disposed within the TOSA 3000. (As used herein, 
the term "electrical Signals' is meant to include at least 
electrical, electrostatic, and/or electromagnetic Signals.) 
Additionally, the header assembly 3020 Supports a compo 
nent platform on which optoelectronic devices can be posi 
tioned. Further, and as already described in previous 
embodiments, the header assembly 3020 enables cooling 
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and/or heating of Specified TOSA components in order to 
optimize operation of components located on the component 
platform, as well as TOSA operation as a whole. Attention 
will now be directed to certain aspects of the header assem 
bly 3020 in general, and specified components thereof in 
particular. 
0144. With continuing attention to FIG. 6, reference is 
now made to FIGS. 7A and 7B, which show perspective and 
side views, respectively, of the header assembly 3020 
according to the present embodiment. AS Seen in the figures, 
the header assembly 3020 generally comprises several com 
ponents including a base 3022, a cap 3023 (FIG. 6), a 
thermal slug 3024, and a multi-layer platform (“MLP”), 
designated generally at 3030. Details of each of these 
components, as well as their interrelationship, are given 
below. 

0145 As shown in FIGS. 6, 7A, and 7B, the base 3022 
of the header assembly 3020 comprises a disk portion 3022A 
and a circumferential flange 3022B. The disk portion 3022A 
and the flange 3022B can be hermetically joined to one 
another, or integrally formed as a unitary piece. Together 
with the cap 3023 that mechanically attaches to the flange 
3022B, the base 3022 forms a hermetic enclosure 3032 in 
which various components of the header assembly 3020, 
such as a laser 3034, can be positioned. As has been 
described, these components are typically used either 
directly or indirectly during the operation of the TOSA.3000 
to produce a modulated optical Signal that can be emitted 
from an optical transceiver module (not shown) in which the 
TOSA is disposed. The disk portion 3022A of the base 3022 
is preferably made of Kovar, a metallic material having a 
desirable coefficient of thermal expansion that facilitates the 
hermetic attachment of the MLP3030 to the base, as will be 
Seen. Of course, the particular size, shape, configuration, and 
composition of the base 3022, the cap 3023, and the her 
metic enclosure 3032 formed thereby can vary in accordance 
with the designated application. For instance, in one 
embodiment the disk portion 3022A of the base 3022 can be 
made from a copper-tungsten alloy, if desired. Alternatively, 
in other embodiments the MLP 3030 need not be hermeti 
cally enclosed. 
0146 The MLP 3030 is shown extending through an 
aperture defined in the disk portion 3022A of the base 3022. 
The thermal slug 3024 is also shown extending through the 
disk aperture, adjacent the MLP3030. As best seen in FIG. 
7B the MLP 3030, as its name implies, is comprised of 
multiple stacked platform layers 3036 that are joined to form 
the MLP. Particularly, in the illustrated embodiment, the 
MLP3030 includes three platform layers: an upper insulat 
ing layer 3040, an intermediate layer 3050, and a lower layer 
3060. These layers 3036 are arranged in the stacked con 
figuration shown in FIGS. 7A and 7B and are hermetically 
sealed together. The layers 3036 are also located atop and 
hermetically attached to the thermal slug 3024, though other, 
non-hermetic configurations are also possible. Each layer 
further includes a plurality of electrically conductive path 
ways 3062 defined on the surfaces of the various layers 
3036. As will be seen, the arrangement of conductive 
pathways in this manner enables a relatively greater number 
of input/output interconnects to connect with the header 
assembly 3020. 
0147 Because of the extension of the MLP 3030 her 
metically through the base 3022, it is useful to define the 
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portion of the MLP that extends into the hermetic enclosure 
3032 (see FIG. 6) as an interior portion 3064 of the MLP and 
the MLP portion extending away from the base on the 
exterior of the hermetic enclosure as an exterior portion 
3066 of the MLP. This exterior portion/interior portion 
convention applies and extends to each layer 3036 of the 
MLP 3030. In accordance with principles of the present 
invention, and as will be discussed below, the Stacked 
arrangement of the layers 3036, together with the specified 
configuration of the conductive pathways 3062 defined 
thereon, enables a relatively greater number of electrical 
interconnects to be introduced into hermetic enclosure 3032 
of the header assembly 3020. This, in turn, desirably allows 
for enhanced Selection, placement, and operation of opto 
electronic components within the hermetic enclosure 3032. 
0148. Each of the layers 3036 of the MLP3030 is formed 
of an insulative material. In the illustrated embodiment, each 
of the layers 3036 is composed of a co-fired ceramic 
material, Such as alumina or aluminum nitride. Notwith 
Standing, other materials, Such as aluminum nitrate, beryl 
lium oxide, or other insulative ceramic and non-ceramic 
materials could also be acceptably employed. Further details 
concerning the Structure and configuration of each of the 
layers 3036 of the MLP3030 are given below in connection 
with FIGS. 9 and 10. 

0149 Reference is now made to FIGS. 8A and 8B, 
which depict various views of the MLP 3030 as separated 
from the base 3022 of the header assembly 3020. In these 
Views the relative sizes and respective placement of each of 
the layers 3036 and conductive pathways 3062 of the MLP 
3030 is more clearly shown. As illustrated, the upper insu 
lating layer 3040 includes a relatively short slab of ceramic 
material that spans the overall width of MLP 3030. The 
upper insulating layer 3040 has a width “w” that is slightly 
greater than the thickness of the disk portion 3022A of the 
base 3022. As will be explained in greater detail below, this 
width is sufficient to allow the upper layer 3040 to electri 
cally isolate the conductive pathways 3062 located on the 
surface of the intermediate layer 3050 (positioned below the 
upper layer) from the base 3022, which is preferably formed 
of an electrically conductive metal. Though shown in the 
figures as being relatively thick with respect to the layers 
3050 and 3060, the upper layer 3040 can have one of a 
variety of thicknesses according to the need for electrical 
isolation and the Space requirements of the header assembly 
3020. 

0150. As mentioned above, the base 3022-especially 
the disk portion 3022A-an be composed of Kovar, copper 
tungsten, or another Suitable material that possesses a coef 
ficient of thermal expansion that is Substantially similar to 
that of the ceramic from which the layers 3036 are made. 
The similarity of coefficients of thermal expansion enables 
a Suitable, hermetic Seal to be formed between the base 3022 
and the MLP 3030, thereby preserving the integrity of the 
hermetic enclosure 3032. To enable adhesion between the 
aperture in the disk portion 3022A and the MLP 3030, a 
metallization layer, preferably of a tungsten alloy, titanium, 
or a titanium-tungsten alloy with a copper coating, is formed 
about a portion of the outer periphery of the MLP3030, as 
indicated at 3068. The metallization layer 3068 is deposited 
on these Surfaces using Standard deposition techniques and 
is necessary to enable the base material to adhere to the MLP 
3030. The joining of the base 3022 to the MLP3030 can be 
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accomplished by brazing with a copper-Silver braze, or by 
other Suitable means to form a hermetic Seal therebetween. 

0151. As can be seen in FIGS. 8A and 8B, the upper 
insulating layer 3040 overlays a portion of the intermediate 
layer 3050 and the conductive pathways 3062 located 
thereon. AS mentioned, this arrangement enables the upper 
insulating layer 3040 to prevent the metallic disk portion 
3022A of the base 3022 from directly contacting the con 
ductive pathways 3062 on the intermediate layer 3050. 
Thus, this configuration enables the conductive pathways 
3062 of the intermediate layer 3050 to pass from the exterior 
portion 3066 to the interior portion 3064 of the header 
assembly 3020 without electrical or other interference from 
the base 3022. The thickness of the upper insulating layer 
3040 is great enough as to provide sufficient separation 
between the conductive pathways 3062 located on the 
intermediate layer 3050 and the base 3022. This separation 
is beneficial in preventing electrical shorting of electric 
fields created by some of the conductive pathways 3.062, 
which electric fields include field components that exist 
above the surface of the intermediate layer 3050. It is 
nonetheless appreciated that an upper insulating layer hav 
ing differing shape, composition, or configuration from that 
shown in FIGS. 8A and 8B can also be utilized while still 
Satisfying the functionality as described herein. 
0152 Also evident from FIG. 8B is the fact that the 
lower layer 3050 is sized as to extend a small distance 
farther in relation to the edge of the intermediate layer 3050 
on the interior portion 3064. This enables conductive path 
ways located on the lower layer 3060 to readily connect to 
a component Submount platform disposed within the her 
metic enclosure 3032, Such as one similar to the Submount 
902 shown in FIGS. 4A and 4.B. 

0153. Attention is now directed to FIG. 9 in describing 
various details regarding the intermediate layer 3050 of the 
MLP3030. As mentioned, the intermediate layer 3050, like 
the other layers comprising the MLP3030, is composed of 
a ceramic material and has located thereon various conduc 
tive pathways 3062. The conductive pathways 3062 in the 
present embodiment are preferably deposited on the various 
layer Surfaces using patterning techniques, though other 
pathway formation practices, Such as thin film deposition, 
could also be acceptably used. Preferably, each of the 
conductive pathways 3062 comprises traces made from high 
temperature conductive metal(s), Such as a tungsten alloy, 
which is then preferably covered with a gold plating. Use of 
a high temperature metal advantageously enables the 
ceramic to be produced using co-fired techniques. 
0154 It is noted here that both the type and positioning 
of the conductive pathways 3062 on the various layers 3036 
of the MLP3030 is preferably precisely configured such that 
Space on MLPSurfaces is optimized and performance of the 
pathways and optoelectronic components attached thereto is 
maximized. Further, the conductive pathways shown in the 
accompanying figures are configured according to a particu 
lar header assembly design. Thus, while the conductive 
pathway design to be described below in connection with 
FIGS. 9 and 10 illustrates one possible configuration, other 
configurations are also possible. 

0155 FIG. 9 shows a top surface 3050A of intermediate 
layer 3050 that includes various conductive pathways 3.062, 
or portions thereof. Generally, conductive pathways 3062 
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(or portions thereof) of three types are shown on the top 
Surface 3050A: high Speed transmission lines, general Signal 
lines, and ground Signal lines. Each of these is described in 
more detail below. 

0156 Two high speed transmission lines 3070 are shown 
on the top surface 3050A. In the present embodiment, these 
lines are employed in transmitting an electrical Signal from 
a host device (not shown) to an optoelectronic component 
(such as a modulator or a direct modulated DFB laser) 
located on a submount (see FIGS. 4A, 4B) within the header 
assembly 3020. As such, these lines are configured for high 
Speed transmission of Such Signals. Each transmission line 
3070 extends from a terminal end on the exterior portion 
3066 of the intermediate layer top surface 3050A to a 
terminal end on the interior portion 3064 of the intermediate 
layer top Surface. For clarity, the interior and exterior 
portions 3064 and 3066 of the MLP3030 are designated in 
FIG. 9, separated by a superimposed dashed line 3072, 
which approximately corresponds to the central area of 
passage of the MLP3030 through the base 3022. (Line 3072 
also approximately delineates the exterior portion 3066 of 
the MLP3030 from the interior portion 3064.) 
0157. The transmission lines 3070 on the intermediate 
layer top surface 3050A are configured for optimum trans 
mission of electrical Signals, in this case, electrical data 
signals for use by a laser, such as the laser 3034 in FIG. 6. 
In accordance with principles taught in connection with 
previous embodiments of the invention, the transmission 
lines 3070 are geometrically shaped so as to optimize their 
transmission properties and to improve the impedance 
matching between the lines themselves and the components 
to which they are connected, such as the laser 3034, which 
operates at 25 ohms impedance in this case. The Shaping of 
each transmission line 3070 for impedance matching pur 
poses can be seen in FIG. 9, where the width of each 
transmission line 3070 is narrowed near the point where it 
passes through the area of passage of the MLP3030 through 
the base 3022, which area is again approximately indicated 
by the phantom line 3072. 

0158 Depending on the intended application, the high 
speed transmission lines 3070 can comprise one of several 
types of conductive traces. In the illustrated embodiment, 
the transmission lines 3070 are configured as microstrip 
traces on the intermediate layer top surface 3050A. As such, 
an adequate ground plane, discussed below in connection 
with FIG. 10, is positioned directly below each transmission 
line 3070, as will be discussed. In another embodiment, the 
high speed transmission lines 3070 can be co-planar traces, 
having ground planes that are laterally adjacent the traces on 
the same layer Surface. These co-planar transmission lines 
are treated further below in connection with FIG. 13. In 
addition to these embodiments, high Speed traces of other 
types, including Slotline and general waveguide Structures, 
could also be acceptably used. 

0159. In addition to the high speed transmission lines 
3070, FIG. 9 shows the second type of conductive pathway 
utilized in the MLP3030 of the present embodiment. Spe 
cifically, portions of general signal lines 3080 are shown on 
the intermediate layer top surface 3050A of FIG. 9. The 
general signal lines 3080 are used to provide interactive 
control between control circuitry located outside of the 
header assembly 3020 (such as on a printed circuit board 
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located within the optical transceiver in which the TOSA 
3000 is disposed) and one or more components located 
within the header assembly 3020. Components within the 
header assembly 3020 that can be interconnected using the 
general signal lines 3080 include, but are not limited to, 
thermistors, Some lasers (Such as EML lasers that are dis 
cussed in previous Sections of the application), monitor 
photodiodes, and wavelength lockers. 

0160 In particular, three general signal lines 3080 are 
shown in the present embodiment of the MLP 3030, each 
having a terminal end in the form of a contact pad 3080A 
positioned at an edge of the exterior portion 3066 of the 
intermediate layer top surface 3050A. These contact pads 
3080A are configured to electrically interconnect with an 
appropriately configured interface, Such as the flex circuit 
820 shown in FIG. 4E, for example, for electrical commu 
nication with components disposed outside of the header 
assembly 3020, Such as components disposed on a trans 
ceiver printed circuit board. 

0.161 Each contact pad 3080A interconnects with a sec 
ond portion 3080B of each general signal line 3080 that is 
located on the lower layer 3060 of the MLP3030 by way of 
conductive Vias (not shown) defined through the intermedi 
ate layer 3050. As used herein, conductive vias such as those 
just mentioned can comprise, for example, conductively 
plated through holes defined through one or more layers of 
the MLP 3030, or other similar structures having the same 
functionality. Details concerning this Second general Signal 
line portion 3080B, shown in FIG. 10, are given further 
below. 

0162 Also shown on the intermediate layer top surface 
3050A are portions 3080C of each general signal line 3080. 
Each of the three general signal line portions 3080C is 
formed as a conductive trace upon the intermediate layer top 
surface 3050A, and is interconnected with the respective 
general signal line portions 3080B located on the lower layer 
3060 by way of conductive vias (not shown) defined through 
the intermediate layer 3050. Each general signal line portion 
3080C terminates at a contact pad 3080D located on an edge 
of the intermediate layer top surface 3050A on the interior 
portion 3064 of the MLP3030. Each contact pad 3080D can 
then be electrically connected to a component within the 
header assembly 3020, as will be explained. 

0163 A portion of the third type of conductive pathway 
3062 is also shown in FIG. 9. Specifically, portions of four 
ground signal lines 3090 are shown on the intermediate layer 
top surface 3050A in FIG. 9. In general, the ground signal 
lines 3090 are responsible for providing the necessary 
ground planes for conductive pathways defined on the 
various MLPlayers, and Specifically, for providing a ground 
plane for proper operation of the high Speed transmission 
lines 3070 described above. As shown in FIG. 9, four 
ground signal line contact pads 3090A are shown on the 
exterior portion 3066 of the intermediate layer top surface 
3050A in a specified configuration. So positioned, the con 
tact pads 3090A can electrically interface with an appropri 
ate ground Signal Source provided, for instance, via a fleX 
circuit (see 820 in FIG. 4E) to provide the ground signal to 
the MLP 3030 as required. Each ground signal line pad 
3090A electrically connects with one of two ground signal 
line portions located on the lower layer 3060 of the MLP 
3030 in a manner to be described below. 
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0.164 Reference is now made to FIG. 10 in describing 
various details concerning the lower layer 3060 of the MLP 
3030, which in the present embodiment is positioned 
directly below the intermediate layer 3050. As shown, the 
lower layer 3060 includes, like the intermediate layer, sev 
eral portions of conductive pathways 3062. Particularly, the 
lower layer 3060 features a top surface 3060A whereon the 
conductive pathway portions are defined. Three general 
signal line portions 3080B are shown defined on the lower 
layer top surface 3060A, beginning at the exterior portion 
3066 of the MLP 3030 and extending toward the interior 
portion 3064 thereof. (Again, for clarity, the approximate 
division of interior portion 3064 of the MLP3030 from the 
exterior portion 3066 is denoted by the phantom line 3072.) 
The terminal end of each general signal line portion 3080B 
that is located on the exterior portion 3066 is vertically 
aligned with and electrically connected to the respective 
contact pad 3080A located on the intermediate layer top 
surface 3050A by a conductive via (not shown) defined 
through the intermediate layer. Likewise, the other terminal 
end of each general signal line portion 3080B that is located 
toward the interior portion 3064 is vertically aligned with 
and electrically connected to the respective inward terminal 
ends of the general signal line portions 3080C located near 
the line 3072 on the intermediate layer top surface 3050A. 
This electrical connection is also made by way of conductive 
vias (not shown) defined through the intermediate layer. 
0.165. In view of the above, then, a plurality of complete 
general signal line conductive pathways are defined by the 
general signal line portions 3080A-3080D. Indeed, FIGS. 9 
and 10 depict three complete general signal lines 3080 
defined in the MLP 3030 that extend from the exterior 
portion 3066 of the MLP to the interior portion 3064 thereof. 
The conductive signal pathway defined by each of these 
general signal lines 3080 extends first from the contact pads 
3080A through conductive vias defined through the inter 
mediate layer 3050 to the exterior portion terminal end of the 
signal line portions 3080B. The conductive pathway con 
tinues along each signal line portion 3080B to the other 
terminal end, where it extends back through the intermediate 
layer 3050 to the top surface 3050A thereof through con 
ductive Vias to interconnect with the terminal end nearest the 
line 3072 of each respective signal line portion 3080C. The 
conductive Signal pathway then terminates at the contact 
pads 3080D positioned at the adjacent terminal end of each 
signal line portion 3080C on the edge of the interior portion 
3064 of the intermediate layer top surface 3050A. 
0166 The multi-layer configuration of the general signal 
lines 3080 in the MLP 303.0 maximizes use of the interme 
diate layer top surface 3050A by freeing up space (that 
would otherwise be occupied by a greater portion of the 
general Signal line portions) thereon for additional intercon 
nections to be located. This results in an increase in the 
number of conductive pathways that can be placed on the 
MLP3030 (i.e., an increased interconnect density), which in 
turn increases the number or type of electronic and opto 
electronic components to be utilized within the header 
assembly 3020. 
0.167 The conductive signal pathway defined by each 
general signal line 3080 enables electrical communication 
for Specified electronic and/or optoelectronic components as 
described here. (Similar processes are followed for the 
transmission lines 3070 and the ground signal lines 3090, to 
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be explained further below.) When an electrical signal is 
provided to one of the contact pads 3080A on the exterior 
portion 3066 of the intermediate layer 3050 (using a flex 
circuit such as that shown at 820 in FIG. 4E, for instance), 
it can travel unrestricted through the MLP 3030 to the 
interior portion 3064 within the hermetic enclosure 3032 of 
the header assembly 3020 (FIG. 6) using the conductive 
pathway of the general Signal line as just described. From 
there, the electrical Signal can proceed to any one of a variety 
of Specified electronic or optoelectronic components dis 
posed within the hermetic enclosure 3032. In one embodi 
ment, the electronic and/or optoelectronic component(s) that 
receives the electrical Signal via one of the general Signal 
lines 3080 is mounted on a submount (such as submount 902 
in FIGS. 4A-4C) that is positioned at least indirectly on the 
thermal slug 3024 to be adjacent the interior portion 3064 of 
the MLP 3030 within the hermetic enclosure 3032. Wire 
bonds, wedge-wedge bonds, ribbon bonds, Submount traces 
and/or other appropriate interconnects can be used to elec 
trically connect the electronic and/or optoelectronic compo 
nent on the Submount with one or more of the general Signal 
line contact pads 3080D on the intermediate layer top 
surface 3050A. In this way, electrical communication 
between components located within the hermetic enclosure 
3032 of the header assembly 3020 and devices external to 
the header assembly 3020 can be accomplished by way of 
the general signal lines 3080. 
0.168. It is noted here that the submount used in the above 
example can be integrally formed with the MLP3030, or can 
comprise a separate component. If the Submount is config 
ured as a Separate component, replacement of one Submount 
within the header assembly 3020 with another submount is 
possible, adding modularity to the TOSA package. 

0169 FIG. 10 also shows various details concerning 
portions of the ground signal line 3090. Particularly, two 
ground signal line portions 3090B are located on the lower 
layer top surface 3060A and are electrically interconnected 
with the ground signal contact pads 3090A located on the 
intermediate layer top surface 3050A by conductive vias 
(not shown) or other appropriate interconnects. The ground 
signal line portions 3090B occupy a substantial portion of 
the lower layer top surface 3060A and are aligned in the 
illustrated embodiment to be positioned directly below the 
high speed transmission lines 3070. So arranged, the ground 
signal line portions 3090B, when supplied with an appro 
priate ground Signal from the ground Signal line contact pads 
3090A (again, such as via the flex circuit 820 in FIG. 4E), 
Serve as truncated ground planes for the high Speed trans 
mission lines 3070, thereby enabling their proper operation. 
Again, it is seen how the multi-layer configuration of the 
MLP 3030 enhances operation of the header assembly by 
enabling distribution of a ground Signal in an efficient 
manner while still preserving space in the MLP 3030 for 
other types of conductive pathways. 
0170 AS has already been described above in connection 
with the general signal lines 3080, each of the conductive 
pathways 3062 discussed herein, ie., the high Speed trans 
mission lines 3070, the general Signal lines, and the ground 
signal lines 3090, enable electrical signals to be provided to 
Specified electronic and/or optoelectronic components 
located on a Surface-Such as the Submount 902 shown in 
FIGS. 4A-4C within the hermetic enclosure 3032 of the 
header assembly 3020 (FIG. 6). The conductive pathways 
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3062 can electrically connect to a corresponding component 
on the Submount Via one or more interconnects. In one 
embodiment, for example, the terminal end of each high 
speed transmission line 3070 located on the interior portion 
of the MLP3030 can electrically connect with a laser (see 
laser 3034 in FIG. 6) positioned on a submount via wire 
bonds extending between the Submount and the transmission 
line terminal end. Also, the general signal lines 3080 connect 
to designated components in the manner already described 
further above. Finally, the ground signal lines 3090 can 
interconnect with Submount components as needed, in addi 
tion to providing ground planes for the transmission lines 
3070. 

0171 Electrical signals to be delivered to the MLP3030 
from outside the header assembly 3020 are provided via a 
Suitable interface, Such as the flex circuit 820 shown in FIG. 
4E. The flex circuit is patterned with electrical interconnects 
that are configured to complementarily engage with each of 
the contact points of the various conductive pathways 3062 
located on the exterior portion 3066 of the intermediate layer 
top surface 3050A. The flex circuit, in turn, is electrically 
connected with corresponding components located on, for 
instance, a printed circuit board forming, along with the 
header assembly 3020, part of an optical transceiver module. 
In this way then, electrical interconnection between internal 
header assembly components and external components is 
achieved in a manner that enables both the number and type 
of interconnects through the hermetic enclosure of the 
header assembly to be increased in a Substantially efficient 
manner, thereby adding to header assembly performance. 
Further details concerning exemplary flex circuits that can 
be employed with embodiments of the multi-layer platform 
of the present invention can be found in U.S. application Ser. 
No. 10/409,837, entitled “Flexible Circuit for Establishing 
Electrical Connectivity with Optical Subassembly, filed on 
Apr. 9, 2003, which is incorporated herein by reference in its 
entirety. 
0172 It should be noted that both the number and specific 
configuration of conductive pathways that are defined in the 
MLP3030 can be altered in a variety of ways to suit other 
applications. One example of this is given in the following 
embodiment, but this should not be considered limiting of 
the present invention in any way. Rather, the embodiments 
described herein are merely exemplary of the principles of 
the present invention. 
0173 Finally, it is appreciated that in one embodiment 
conductive traces can be configured Such that they them 
Selves form one or more components, Such as integrated 
resistors or capacitors, for instance. 
0.174 Reference is now generally made to FIGS. 11A-16 
in describing various details regarding a header assembly, 
generally designated at 4020, made in accordance with yet 
another embodiment of the present invention. The header 
assembly 4020 generally includes, as best seen in FIG. 11A, 
a base 4022, a thermal slug 4024, and a multi-layer platform 
(“MLP”) 4030. As the header assembly 4020 shares several 
common features with embodiments of the present invention 
previously described herein, especially with regard to the 
header assembly 3020 depicted in FIGS. 7A-10, only 
selected features of the header assembly 4020 will be 
discussed below. 

0175 With reference first to FIGS. 11A and 11B, the 
base 4022 of the header assembly 4020 is hermetically 



US 2004/0163836 A1 

bisected by both the thermal slug 4024 and the MLP 4030 
So that a portion of each is located within a hermetic 
enclosure, Similar to previous embodiments. In accordance 
with the present embodiment, the MLP 4030 features a 
plurality of stacked layers 4036, preferably comprising 
ceramic, that are hermetically joined to one another. Spe 
cifically, the Stacked layerS 4036 include an upper insulating 
layer 4040, an upper intermediate layer 4050, a lower 
intermediate layer 4055, and a lower layer 4060. The stacked 
layers 4036 of the MLP 4030 are hermetically joined to the 
thermal slug 4024. 
0176). In the configuration shown in FIGS. 11A and 11B, 
an interior portion 4064 and an exterior portion 4.066 of the 
MLP4030 are defined with respect to the base 4022 through 
which the MLP passes. The interior portion 4064 of the MLP 
4030 is configured for disposal within a hermetic enclosure 
formed by the base 4022 and a cap (not shown) affixed to the 
base. The exterior portion 4.066 of the MLP 4030, which 
extends relatively farther from the base 4022 than does the 
interior portion 4064, is positioned outside of the hermetic 
enclosure to enable electrical interconnection of various 
components located outside of the hermetic enclosure with 
components positioned therein. 
0177 Reference is now made to FIG. 12, which depicts 
a top view of the MLP 4030 being separated from the base 
4022. As shown, the upper insulating layer 4040 is posi 
tioned atop a portion of various traces, or conductive path 
ways 4062, that are located on a top surface 4050A of the 
upper intermediate layer 4050. The upper insulating layer 
4040 provides an insulative barrier between the base 4022 of 
the header assembly 4020 and the conductive pathways 
4062, thereby enabling the conductive pathways to extend 
between the exterior and interior MLP portions 3066 and 
3064. As before, a metallization layer 4068 is deposited on 
the outer surface of the upper insulating layer 4040, as well 
as around corresponding portions of the periphery of the 
MLP 4030 to enable the ceramic MLP 4030 to hermetically 
Seal with the base 4022. 

0178 Reference is now made to FIG. 13, showing the 
various conductive pathways 4062 located on the upper 
intermediate layer top surface 4050A. Each conductive 
pathway 4062 preferably comprises a tungsten alloy having 
a gold top plating and is deposited on the Surface of one or 
more of the stacked layers 4036 using one or more of a 
variety of techniques. Again, the Specific configuration and 
shape of the various conductive pathways shown in these 
figures is exemplary; other pathway configurations could be 
utilized depending on the desired application. 
0179 Specifically, FIG. 13 first shows two high speed 
transmission lines 4070, each bounded by portions of two 
ground signal lines 4090. The high speed transmission lines 
4070 each extend from the exterior portion 4066 of the MLP 
4030 to the interior portion thereof, and comprise a hybrid 
microStrip/co-planar Structure. AS Such, each transmission 
line 4070 uses both co-planar ground signal line portions, 
shown at 4090A, and a ground signal plane (to be discussed 
below) for proper operation. Of course, the high speed 
transmission lines 4070 can comprise a co-planar trace only, 
a microStrip trace only, or one of each, if desired. Thus, the 
illustrated configuration should not be construed as limiting 
the present invention. 
0180. Two sets of two ground signal line portions 4090A 
are located on the upper intermediate layer top Surface 
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4050A to be co-planar with, and laterally adjacent to, one of 
the two high speed transmission lines 4070, as shown in 
FIG. 13. In this configuration, each Set of ground Signal line 
portions enables proper operation of a respective one of the 
hybrid high speed transmission lines 4070. Like the trans 
mission lines 4070, each ground signal line portion 4090A 
extends between the exterior portion 4.066 and the interior 
portion 4064 of the MLP 4030, the division between interior 
and exterior portions being approximately delineated by 
phantom line 4072. Each ground signal line portion 4090A 
is electrically connected to a plurality of conductive ViaS 
4.091 defined through the upper intermediate layer 4050 to 
electrically connect the ground signal line portions 4090A 
with ground Signal planes formed on the lower intermediate 
layer 4055 (see FIG. 14), as will be discussed. 
0181. It is noted that each of the high speed transmission 
lines 4070 and co-planar ground signal lines 4090 has a 
Specified Shaping designed to optimize each trace's opera 
tion. Indeed, each of these traces is narrowed slightly in the 
region corresponding to the area of connection between the 
upper insulating layer 4040 and the upper intermediate layer 
4050, which area is approximately located about the line 
4072. This narrowing assists in ensuring adequate imped 
ance matching is achieved with each high Speed transmis 
Sion line 4070 despite each line's passage through the upper 
insulating layer/upper intermediate layer interface. In the 
embodiment shown in FIG. 13, for example, each high 
speed transmission line 4070 is configured for an impedance 
of about 50 ohms. Other impedance configurations are, of 
course, possible. 

0182 FIG. 13 also shows a plurality of general signal 
lines 4080 extending between the exterior and interior 
portion 4064 and 4066 of the MLP 4030. In particular, each 
general signal line 4080 has one terminal end located on the 
exterior portion 4.066 of the upper intermediate layer top 
surface 4050A and one terminal end on the interior portion 
4064 thereof. Each general signal line 4080 is used to 
provide electrical Signals to or receive electrical signals from 
components located within the header assembly. Such com 
ponents include, for example, wavelength lockers, monitor 
photodiodes, thermistors, etc. The entirety of each general 
signal line 4080 is located on the upper intermediate layer 
top surface 4050A. 

0183) The MLP 4030 further includes at least one embed 
ded general signal line 4084. As partially shown in FIG. 13, 
the embedded signal line 4084 includes a terminal contact 
pad 4084A located on the exterior portion 4.066 of the upper 
intermediate layer top surface 4050A, and another portion 
4084C extending toward and terminating on the interior 
portion 4064 of the upper intermediate layer top surface. The 
embedded signal line contact pad 4084A and portion 4084C 
are electrically interconnected to one another by way of a 
Signal line portion located on the lower intermediate layer 
4055 (see FIG. 14). This electrical interconnection is 
achieved using conductive vias 4085 defined through the 
upper intermediate layer 4050. 

0184. Like the general signal lines 4080, the embedded 
signal line 4084 is used to provide electrical signals to or 
receive electrical Signals from components located within 
the header assembly, Such as, for example, wavelength 
lockers, monitor photodiodes, thermistors, etc. A portion of 
the embedded signal line 4084 is located below the top 
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surface 4050A of the upper intermediate layer 4050 so that 
more Space on the top Surface is provided for the placement 
of additional conductive pathways, thereby maximizing the 
efficient use of the Surface area of the multi-layer platform 
and enabling a relatively greater number of electrical inter 
connects for components located within the header assembly 
4020 to be made. 

0185. It is appreciated that the number of embedded 
signal lines utilized in the MLP 4030 can be increased, if 
space on the surfaces of the stacked layers 4036 permits. 
Further, while the illustrated header assembly 4020 features 
a MLP 4030 having multiple general signal lines 4080 and 
a single embedded signal line 4084, various numerical and 
positional configurations of both general and embedded 
Signal lines can be used in the MLP, along with conductive 
pathways of other types (Such as the ground Signal lines 
4090 and the high speed transmission lines 4070) as dis 
cussed herein. 

0186 FIG. 13 shows yet another type of conductive 
pathway 4062 located on the upper intermediate layer top 
surface 4050A. In particular, portions of four cooling device 
Signal lines 4100 are shown, including four cooling device 
contact pads 4100A on the exterior portion 4.066 of the upper 
intermediate layer top surface 4050A. Each contact pad 
4100A is used to provide an electrical signal to a cooling 
device, such as a thermoelectric cooler (“TEC”) similar to 
that shown at 900 in FIGS. 4B and 4C that is located within 
the header assembly 4020. The structure used to intercon 
nect the TEC with the cooling device signal lines 4100 is 
described further below. Each contact pad 4100A covers a 
relatively large portion of the upper intermediate layer top 
surface 4050A. This enables an adequate electrical connec 
tion to be made between each cooling device contact pad 
4100A and the corresponding contact pad located on the flex 
circuit (FIG. 4E) or other suitable interface. The electrical 
connection between each cooling device contact pad 4100A 
and the corresponding flex circuit contact pad in one 
embodiment is attained using a Z-axis conductive epoxy that 
electrically and adhesively connects the pads to one another. 
The effectiveness of Such a conductive epoxy is maximized 
when relatively large areas of the contact pads are mated, in 
order to ensure Sufficient current density to meet the power 
requirements of the TEC. It is noted that each cooling device 
contact pad 4100A works in concert with the other cooling 
device contact pads to provide the necessary TEC electrical 
requirements. In another embodiment, electrical communi 
cation between each cooling device contact pad 4100A and 
the corresponding contact pad of a flex circuit (or other 
Suitable interface) is achieved via conductive Solders or 
other Suitable connection Schemes. In this case, the size of 
each cooling device contact pad 4100A can be reduced, 
owing to the relatively greater efficiency with which currents 
can be transferred using Such connection Schemes. 
0187 Alternatively, components other than a TEC can be 
connected to the cooling device signal lines 4100, if needed 
for a particular application. In Such a case, both the number 
of contact pads, as well as the Surface area Size of each 
contact pad, can be modified according to the power require 
ments of the particular component. Each cooling device 
contact pad 4100A is electrically connected to other portions 
of the cooling device signal line 4100 on other MLP layers 
by way of one or more conductive vias 4101, or other 
appropriate interconnects. 
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0188 As seen above, because of the efficient utilization 
of surface area on the exterior portion 4.066 of the upper 
intermediate layer top surface 4050A, both the number and 
Size of the cooling device Signal line contact pads 4100A can 
be accommodated thereon to provide a Sufficient electrical 
supply for a TEC, for example. Such connectivity would not 
be possible in prior header assembly configurations. 
0189 Portions of the various conductive pathways 
located on the exterior portion 4.066 of the upper interme 
diate layer top surface 4050A are arranged to electrically 
connect with a correspondingly configured interface, Such as 
a flex circuit, an example of which is shown at 820 in FIG. 
4E. The flex circuit so configured is able to both provide 
electrical Signals to and receive electrical signals from the 
various electrical and optical components located within the 
header assembly 4020 via the MLP 4030. 
0190. Reference is now made to FIG. 14, which illus 
trates various features of the present invention in connection 
with those features already described. In particular, a top 
surface 4055A of the lower intermediate layer 4055 is 
shown, having various conductive pathways 4062 defined 
thereon. Among these are two ground Signal line portions 
4090B located on the top surface 4055A. Each of the ground 
signal line portions 4090B is positioned on the lower inter 
mediate layer top surface 4055A as to be directly below one 
of the respective high speed transmission lines 4070 and its 
adjacent ground signal line portions 4090A, both of which 
are located on the upper intermediate layer top Surface 
4050A. So positioned, the ground signal line portions 4090B 
act as ground planes for the high Speed transmission lines 
4070 which, as previously described, are configured as 
hybrid co-planar/microStrip traces on the upper intermediate 
layer top Surface. This arrangement enables proper operation 
of the high speed transmission lines 4070. Each of the 
ground signal line portions 4090B is electrically intercon 
nected with the ground signal line portions 4090A (located 
on the upper intermediate layer top surface 4050A) by the 
conductive vias 4091 (FIG. 13), or by other appropriate 
CS. 

0191 Also shown on the lower intermediate layer top 
surface 4055A is an embedded signal line portion 4084B. 
Used to interconnect the embedded Signal contact pad 
4084A with the embedded signal line portion 4084C, each of 
which is located on the upper intermediate layer 4050A, the 
embedded signal line portion 4084B includes terminal ends 
that are vertically aligned with and electrically connected to 
both the contact pad 4084A and the signal line portion 
4084C by the conductive vias 4085 (FIG. 13). As such, one 
terminal end of the embedded signal line portion 4084B is 
positioned on the exterior portion 4.066 of the lower inter 
mediate layer 4055, while the other terminal end is located 
toward the interior portion thereof. Again, for clarity the 
exterior and interior portions are approximately delineated 
by the dashed line 4072. 
0192 Also seen on the top surface 4055A of the lower 
intermediate layer 4055 is the plurality of conductive vias 
4101 that interconnect the cooling device Signal line contact 
pads 4100A, located on the upper intermediate layer top 
Surface 4050A, with other traces in the MLP 4030, as will 
be seen. In the illustrated embodiment, two conductive vias 
4101 for each of the four cooling device signal line contact 
pads 4100A are defined through the upper intermediate layer 
4050 and the lower intermediate layer 4055. 
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0193 Reference is now made to FIG. 15, which illus 
trates further details regarding the lower intermediate layer 
4055 of the MLP 4030. Specifically (and in contrast to FIG. 
14, which shows the top surface of the lower intermediate 
layer), a bottom surface 4055B of the lower intermediate 
layer 4055 is shown, and includes two cooling device signal 
line portions 4100B located on the bottom surface and 
extending from the exterior portion 4.066 to the interior 
portion 4064 thereof. As seen in FIG. 15, the edge of each 
cooling device signal line portion 4100B on the interior 
portion 4064 includes a flange 4102 that forms a contact 
Surface for providing electrical connection between the 
signal line 4100 and the TEC or other cooling device. As 
mentioned, the conductive vias 4101 extend through both 
the upper intermediate layer 4050 and the lower intermedi 
ate layer 4055 to electrically connect the cooling device 
Signal line contact pads 4100A on the upper intermediate 
layer top surface 4050A with the cooling device signal line 
portions 4100B on the lower intermediate layer bottom 
surface 4055B. The electrical signal carried in this arrange 
ment can then be provided to a cooling device, Such as a 
TEC located within the header assembly 4020 to enable 
cooling operations, or in Some cases heating operations, to 
take place within the header assembly 4020 in order to 
maintain the temperatures of components disposed therein 
Substantially constant. 
0194 Reference is now made to FIG. 16, which depicts 
various features of the lower layer 4060 of the MLP 4030. 
A top surface (not shown) of the lower layer 4060 includes 
no conductive features in the present embodiment. The 
ceramic top surface of the lower layer 4060 therefore acts as 
a ceramic cover for the conductive pathways (ie., the cooling 
device f signal line portions 4100B) that are located on the 
bottom surface 4055B of the lower intermediate layer 4055, 
to which the lower layer is hermetically attached. 
0.195. In alternative embodiments it is appreciated that 
various conductive features can be applied not only to the 
bottom surface 4055B of the lower intermediate layer, but to 
the top surface of the lower layer 4060 as well. 
0196) The lower layer 4060 also comprises a bottom 
surface 4060A that is substantially covered with a conduc 
tive covering material 4110, Such as a tungsten alloy having 
a gold top plating. The conductive covering material 4110 
allows the bottom surface 4060A of the lower layer 4060 to 
be electrically common with the base 4022 of the header 
assembly 4020 via the thermal slug 4024, thereby also 
making it common with the outer casing of the TOSA and 
the metal chassis of the optical transceiver (not shown) in 
which the header assembly 4020 is located. The conductive 
covering material 4110 as shown in FIG. 16 is not, however, 
electrically common with the ground or other Signal lines 
described above in connection with this embodiment. Addi 
tionally, the conductive covering material 4110 cooperates 
with the metallization layer 4068 to enable the hermetic 
joining of the MLP 4030 to the base 4022. 
0197) It is noted here that, in addition to the role 
described above, the lower layer 4060 of the MLP4030 also 
ensures electrical Separation between the ground Signals 
described earlier and the chassis ground of the optical 
transceiver in which the header assembly 4020 is located. 
Further, the lower layer 4060 can serve in some embodi 
ments to improve electromagnetic interference and electro 
static discharge characteristics of the TOSA. 
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0198 Two cutouts 4112 are also formed at the corners of 
the interior portion 4064 of the lower layer 4060. These 
cutouts 4112 expose the flange 4102 of each cooling device 
signal line portion 4100B on the lower intermediate layer 
bottom surface 4055B from below, thereby facilitating an 
electrical connection between each flange and the TEC or 
other cooling device using wire bonding or other appropriate 
connection means. 

0199 The embodiments of the multi-layer platform 
described herein in connection with FIGS. 7A-16 show 
platforms having three and four Stacked layers, respectively. 
It is appreciated, however, that multi-layer platforms having 
two, five, or more Stacked layers are also possible. Various 
considerations can influence the number of layers that a 
platform should have, including the electrical and geometri 
cal requirements of the various conductive pathways to be 
included in the multi-layer platform and overall size restric 
tions imposed by the package into which the multi-layer 
platform is positioned. Also, while it is shown here as 
forming a part of a header assembly that is disposed within 
the TOSA of an optical transceiver module, the multi-layer 
platform of the present invention could alternatively be 
included as a component of other electronic devices as well. 
0200. In addition to the benefits derived from the present 
invention already described (ie., allowance for a greater 
number of interconnects with the header assembly, and 
ability to include a greater variety of optoelectronic com 
ponents within the header assembly), the multi-layer plat 
form, by virtue of these benefits, allows for some functions 
that were formerly limited to components located outside of 
the header assembly to be brought inside the header assem 
bly. For instance, in the TOSA of an optical transceiver 
module a drive integrated circuit that is typically positioned 
on a transceiver printed circuit board outside of the header 
assembly can, in one embodiment, be located on the Sub 
mount within the header assembly. This results not only in 
overall power Savings for the transceiver module, but also 
increases manufacturing efficiency while reducing the 
required size of the TOSA in which E the header assembly 
is placed when compared to an optical transceiver config 
ured with known header assembly interconnects. 
0201 The present invention may be embodied in other 
Specific forms without departing from its Spirit or essential 
characteristics. The described embodiments are to be con 
sidered in all respects only as illustrative, not restrictive. The 
Scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. 
All changes that come within the meaning and range of 
equivalency of the claims are to be embraced within their 
Scope. 

What is claimed is: 
1. A header assembly comprising: 
a base portion; 
a multi-layer platform (“MLP”) extending through the 

base to define an exterior platform portion and an 
interior platform portion, the MLP including a plurality 
of Stacked platform layers, wherein at least one con 
ductive pathway is defined on at least one of the Stacked 
layers, the at least one conductive pathway extending 
from the exterior platform portion to the interior plat 
form portion. 
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2. A header assembly as defined in claim 1, wherein the 
MLPhermetically extends through the base, and wherein the 
header assembly further comprises a cap that is hermetically 
attached to the base portion to define a hermetic enclosure, 
wherein the interior platform portion is positioned within the 
hermetic enclosure. 

3. A header assembly as defined in claim 2, further 
comprising a Submount located within the hermetic enclo 
Sure, the Submount Supporting a plurality of optoelectronic 
components, at least one of the optoelectronic components 
being electrically connected with the at least one conductive 
pathway. 

4. A header assembly as defined in claim 1, wherein each 
of the Stacked platform layerS is composed of a ceramic 
material. 

5. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway comprises multiple conduc 
tive pathways, each conductive pathway having a terminal 
end that is located on an exposed Surface of a specified one 
of the Stacked layers, the terminal ends being arranged in a 
two-dimensional arrangement to allow a corresponding con 
nector to electrically connect with the terminal ends. 

6. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway is geometrically shaped to 
modify its impedance. 

7. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway comprises an electrically 
conductive trace that is patterned on a Surface of at least one 
of the stacked layers of the MLP. 

8. A header assembly as defined in claim 1, wherein the 
MLP comprises at least three stacked layers. 

9. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway comprises: 

a first portion defined on a first layer of the MLP, the first 
portion having a terminal end located on the exterior 
portion of the MLP; 

a second portion defined on a second layer of the MLP; 
and 

a first conductive via interconnecting the first portion with 
the Second portion. 

10. A header assembly as defined in claim 9, wherein the 
at least one conductive pathway further comprises: 

a third portion defined on the first layer of the MLP, the 
third portion having a terminal end located on the 
interior portion of the MLP; and 

a Second conductive via interconnecting the Second por 
tion with the first portion. 

11. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway includes a portion defined 
on a single layer of the MLP, the portion having terminal 
ends located both on the exterior and interior portion of the 
MLP. 

12. A header assembly as defined in claim 1, wherein the 
at least one conductive pathway is composed of an alloy of 
tungsten having a gold plating material deposited thereon. 

13. A header assembly as defined in claim 1, wherein at 
least a portion of the at least one conductive pathway is a 
ground plane. 
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14. A header assembly for use in an optical transceiver 
module, comprising: 

a base; 

a cap mechanically Sealed to the base to define a hermetic 
enclosure; 

a multi-layer platform (“MLP”) hermetically passing 
through the base, the MLP having an interior portion 
located within the hermetic enclosure and an exterior 
portion located outside of the hermetic enclosure, the 
MLP including: 

a lower layer composed of insulative material; 

a first intermediate layer composed of an insulative 
material; 

a top Sealing layer located atop a portion of the first 
intermediate layer, the top Sealing layer being her 
metically attached to a portion of the base; and 

at least one conductive pathway defined on at least one 
of the lower and first intermediate layers, the at least 
one conductive pathway having a terminal end on a 
surface of the exterior portion of the MLP and a 
terminal end on a portion of the interior portion. 

15. Aheader assembly as defined in claim 14, wherein the 
at least one conductive pathway is used to interconnect an 
optoelectronic component located within the hermetic 
enclosure with a component located outside of the header 
assembly. 

16. Aheader assembly as defined in claim 14, wherein the 
terminal end of the at least one conductive pathway that is 
located on the exterior portion of the MLP is located on a top 
Surface of the first intermediate layer. 

17. Aheader assembly as defined in claim 14, wherein the 
at least one conductive pathway comprises: 

at least one conductive pathway of a first type defined on 
the first intermediate layer and extending between the 
exterior portion and the interior portion of the MLP; 

at least one conductive pathway of a Second type includ 
ing: 

a first portion defined on the exterior portion of the MLP 
on the first intermediate layer; and 

a Second portion defined at least partially on the interior 
portion of the MLP on the lower layer, the second 
portion being electrically connected to the first portion 
by a conductive Via. 

18. Aheader assembly as defined in claim 17, wherein the 
conductive pathway of the first type is a microStrip trace 
used to transmit modulating Signals from a host device to a 
laser disposed within the header assembly. 

19. Aheader assembly as defined in claim 17, wherein the 
conductive pathway of the first type is a co-planar transmis 
Sion line. 

20. Aheader assembly as defined in claim 17, wherein the 
conductive pathway of the first type is a hybrid microStrip/ 
co-planar transmission line. 

21. Aheader assembly as defined in claim 17, wherein the 
conductive pathway of the Second type is used to produce a 
ground plane on the lower layer of the MLP. 
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22. A header assembly as defined in claim 14, wherein a 
metallization layer is deposited on at least a portion of the 
MLP to enable a hermetic attachment to be made between 
the base and the MLP. 

23. Aheader assembly as defined in claim 14, wherein the 
top Sealing layer is positioned to prevent electrical contact 
between the at least one conductive pathway and the base. 

24. A header assembly as defined in claim 14, further 
comprising a thermal Slug hermetically extending through 
the base. 

25. A header assembly for use in an optical transceiver 
module, comprising: 

a hermetic enclosure formed by a metallic base and a cap 
mechanically attached to the base; 

a multi-layer platform (“MLP”) hermetically extending 
through the base to define an interior portion enclosed 
by the hermetic enclosure and an exterior portion 
located outside of the hermetic enclosure, the MLP 
including: 
an upper insulating layer; 

an intermediate layer having a top and bottom Surface, 
the intermediate layer having a plurality of conduc 
tive features on its top Surface, including: 
at least one conductive transmission line extending 

from the exterior portion to the interior portion of 
the MLP; 

at least one conductive ground Signal line contact 
pad located on the exterior portion; 

at least one conductive intermediate layer general 
Signal line contact pad located on the exterior 
portion; and 

at least one conductive intermediate layer general 
Signal line portion, the at least one general Signal 
line portion terminating at a contact pad on the 
interior portion; 

a lower layer having a top and bottom Surface, the 
lower layer having a plurality of conductive features 
on its top Surface, including: 
at least one conductive ground Signal line portion 

that is electrically connected to the at least one 
ground Signal line contact pad by at least one 
conductive Via, the at least one ground Signal line 
portion being aligned with the at least one trans 
mission line on the intermediate layer; and 

at least one lower layer general Signal line portion 
that is electrically connected to the at least one 
intermediate layer general Signal line portion by a 
conductive Via, the at least one lower layer general 
Signal line portion also being electrically con 
nected to the at least one intermediate layer gen 
eral Signal line contact pad by a conductive Via. 

26. Aheader assembly as defined in claim 25, wherein the 
intermediate layer includes two transmission lines, each of 
the two transmission lines being geometrically shaped in a 
Specified manner as to impart a Specified impedance. 

27. A header assembly as defined in claim 26, wherein 
each of the transmission lines is geometrically shaped to 
possess an impedance of about 25 ohms. 
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28. A header assembly as defined in claim 25, further 
comprising a Submount positioned within the hermetic 
enclosure, the Submount Supporting a plurality of optoelec 
tronic components, at least Some of which are electrically 
connected to at least Some of the conductive features of the 
MLP. 

29. Aheader assembly as defined in claim 28, wherein the 
upper insulating layer is configured to electrically isolate the 
transmission lines and the at least one intermediate layer 
general Signal line portion from the base. 
30 A header assembly as defined in claim 29, wherein: 
the at least one ground Signal line contact pad comprises 

four ground Signal line contact pads; 
the at least one intermediate layer general Signal line 

contact pad comprises three intermediate layer general 
Signal line contact pads; 

the at least one intermediate layer general Signal line 
portions comprises three intermediate layer general 
Signal line portions, 

the at least one ground Signal line portion comprises two 
ground Signal line portions, and 

the at least one lower layer general Signal line portion 
comprises three lower layer general Signal line por 
tions. 

31. A header assembly as defined in claim 30, wherein 
portions of the transmission lines, the ground Signal line 
contact pads, and the intermediate layer general Signal line 
contact pads are positioned on the top Surface of the inter 
mediate layer in a two-dimensional arrangement to electri 
cally connect to a flex circuit having corresponding conduc 
tive pads. 

32. Aheader assembly as defined in claim 31, wherein the 
transmission lines are formed as microStrip traces on the top 
Surface of the intermediate layer. 

33. Aheader assembly as defined in claim 32, wherein the 
ground Signal line portions that are formed on the top Surface 
of the lower layer are configured as ground planes and are 
aligned with the microStrip traces on the top Surface of the 
intermediate layer. 

34. A header assembly as defined in claim 33, further 
comprising a thermal Slug that hermetically extends through 
the base. 

35. Aheader assembly as defined in claim 34, wherein the 
at least one ground Signal line contact pad and the at least 
one ground Signal line portion are electrically isolated from 
a chassis ground of the optical transceiver module. 

36. A header assembly for use in an optical transceiver 
module, comprising 

a hermetic enclosure formed by a metallic base and 
mechanically attached to the base; 

a multi-layer platform (“MLP”) hermetically extending 
through the base to define an interior portion enclosed 
by the hermetic enclosure and an exterior portion 
located outside of the hermetic enclosure, the MLP 
including: 
an upper insulating layer; 
an upper intermediate layer having a top and bottom 

Surface, the upper intermediate layer having a plu 
rality of conductive features on its top Surface, 
including: 
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at least one conductive transmission line Structure 
extending from the exterior portion and terminat 
ing on the interior portion of the MLP, the at least 
one transmission line Structure including a co 
planar transmission line positioned between two 
ground Signal line Strips, 

at least one conductive upper intermediate layer 
general Signal line extending between the exterior 
portion and the interior portion of the MLP; and 

at least one conductive Signal line contact pad posi 
tioned on the exterior portion of the MLP; 

a lower intermediate layer having a plurality of con 
ductive features, including: 

a top Surface having at least one conductive ground 
Signal line portion that is electrically connected to 
the ground Signal line Strips on the upper inter 
mediate layer by at least one conductive Via, the at 
least one ground Signal line portion being aligned 
with the at least one transmission line Structure on 
the upper intermediate layer; 

a bottom Surface having at least one cooling device 
Signal line portion extending from the exterior 
portion to the interior portion of the MLP, the at 
least one cooling device Signal line portion being 
electrically connected to the at least one cooling 
device signal line contact pad on the upper inter 
mediate layer by at least one conductive via that is 
defined through the upper and lower intermediate 
layers, and 

a lower layer having a bottom Surface Substantially 
covered by a conductive material; and 

a TEC positioned within the hermetic enclosure to 
electrically connect to the at least one cooling device 
Signal line portion on the bottom Surface of the lower 
intermediate layer. 

37. A header assembly as defined in claim 36, further 
comprising a Submount positioned within the hermetic 
enclosure, the Submount Supporting a plurality of optoelec 
tronic components, at least Some of which are electrically 
connected to at least Some of the conductive features of the 
MLP. 

38. Aheader assembly as defined in claim 37, wherein the 
co-planar transmission line and ground Signal lines of the at 
least one transmission line Structure are geometrically 
shaped in a specified manner as to impart Specified electrical 
characteristics to each transmission line Structure. 

39. A header assembly as defined in claim 38, wherein 
each of the transmission line Structures is geometrically 
shaped to possess an impedance of about 50 ohms. 

40. Aheader assembly as defined in claim 39, wherein the 
upper insulating layer is configured to electrically isolate the 
transmission line Structures and the upper intermediate layer 
general Signal lines from the base. 

41. A header assembly as defined in claim 40, wherein 
portions of each of the conductive features of the upper 
intermediate layer are positioned in a two-dimensional 
arrangement to electrically connect to a flex circuit having 
corresponding conductive pads. 
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42. A header assembly as defined in claim 41, wherein: 
the at least one transmission line Structure comprises two 

transmission line Structures, 
the at least one upper intermediate layer general Signal 

line comprises four upper intermediate layer general 
Signal lines, 

the at least one cooling device Signal line contact pad 
comprises two cooling device signal line contact pads; 

the at least one ground Signal line portion comprises two 
ground Signal line portions, and 

the at least one cooling device Signal line portion com 
prises two cooling device Signal line portions. 

43. A header assembly as defined in claim 42, further 
comprising at least one embedded Signal line including: 

a conductive embedded signal line contact pad positioned 
on the exterior portion of the top Surface of the upper 
intermediate layer; 

a first embedded signal line portion having a terminal end 
on the interior portion of the top Surface of the upper 
intermediate layer; and 

a Second embedded signal line portion positioned on the 
top Surface of the lower intermediate layer to electri 
cally interconnect the embedded signal line contact pad 
with the first embedded signal line portion. 

44. A header assembly as defined in claim 43, further 
comprising a cutout formed on each corner of the interior 
portion of the lower layer of the MLP, the cutouts enabling 
an electrical connection between the TEC and the cooling 
device Signal line portions to be established. 

45. A header assembly as defined in claim 44, wherein 
each layer of the MLP is composed of a ceramic material. 

46. Aheader assembly as defined in claim 45, wherein the 
ground Signal line portions located on the top Surface of the 
lower intermediate layer act as ground planes for the trans 
mission line Structures. 

47. Aheader assembly as defined in claim 46, wherein the 
ground Signal line StripS and the at least one ground Signal 
line portion are electrically isolated from a chassis ground of 
the optical transceiver module. 

48. An optical transceiver module for use in optical 
communications networks, comprising: 

a housing containing: 
a printed circuit board; 
a receiver optical subassembly (“ROSA'); and 
a transmitter optical Subassembly (“TOSA”), the TOSA 

including: 
an outer casing; 
a receptacle attached at a first end of the Outer casing, 

and 

a header assembly attached at a Second end of the 
Outer casing, the header assembly comprising: 
a base; 
a cap mechanically Sealed to the base to define a 

hermetic enclosure; 
a multilayer platform (“MLP”) hermetically pass 

ing through the base, the MLP having an inte 
rior portion located within the hermetic enclo 
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Sure and an exterior portion located outside of 49. An optical transceiver module as defined in claim 48, 
the hermetic enclosure, the MLP including: a further comprising: 
lower layer composed of insulative material; a 
first intermediate layer composed of an insula- a Second intermediate layer interposed between the lower 
tive material; a top Sealing layer located atop a layer and the first intermediate layer of the MLP, 
portion of the first intermediate layer, the top wherein the at least one conductive pathway is defined 
Sealing layer being hermetically attached to a on at least one of the lower layer, first intermediate 
portion of the base; and at least one conductive layer, and Second intermediate layer. 
pathway defined on at least one of the lower 50. An optical transceiver module as defined in claim 49, 
layer and first intermediate layer, the at least wherein the at least one conductive pathway is defined on at 
one conductive pathway having a terminal end least two of the lower layer, first intermediate layer, and 
on a surface of the exterior portion of the MLP Second intermediate layer. 
and a terminal end on a portion of the interior 
portion. k . . . . 




