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(57) Abstract: In one embodiment, an apparatus for optical communication and method of manufacturing is disclosed. An optical
sub-assembly and optical platform may form the apparatus. Lasers contained in the hermetically sealed optical sub-assembly can be
coupled to a modulator on the optical platform. The optical modulator can access an optical network using beams of light sent from
the laser. In another embodiment, a method of manufacturing an optical communication device is disclosed. An optical sub-assembly
and optical platform can form the optical communication device. Pre-detined break lines are placed on a carrier wafer. The wafer can
accommodate a modulator sub-mount and a laser sub-mount. A tooling process is used to place the modulator sub-mount on an op -
tical platform and the laser sub-mount adjacent to a thermo-electrical cooler. The laser sub-mount can be hermetically enclosed and
aligned to communicate with the modulator sub-mount.
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METBOD AND SYSTEM FOR AN OPTICAL COMMUNICATION DEVICE

TECHNICAL FIELD

[0003]  The present disclosure relates generally to methods and systems for

communicating over an optical commumication network.
BACKGROUND

{00021  Next gencration optical sohutions utilize silicon photonics i order to achieve
power control and continued miniaturization. Using sihicon photonic optical modulators within
transmitting optical sub-asscrablies (TOSAs) for high speed data conwnunication with greater
than 40 gigabyte (Gh) transmission rates, one typically needs a continuouns light source in the
form of semiconductor lasers 1o be aligned o the modulator section where light is coupled from
the laser to the modulator fnput with the help of individual lenses or lens arrays {to minimize
alignment effort). Typically, the lens{es) and modulator are then hermetically sealed inside a
suitable enclosare to cool the components without forming condensation. While the creation of
such optical devices provides fncreased throughput and miniaturized stractares, the energy
requirements for these devices, however, remains high due to the clectrical encrgy required to
cool the laser and other components (e.g., modulator) hermetically sealed within the enclosure.
Further, manufacturing requirements for perfecting height tolerances i the proper alignment of
the lasers within the hermetically sealed enclosure remain strict, and in some cases
manufacturing is prohibited or slowed due to these requirements.

[0003]  Accordingly, a solution is needed for an optical device with increased energy
efficiency that alsc can retain high throughput characteristics. Additionally, a solution is needed
for an efficiem optical commumication device with high throughput that may be manufactired

using lower cost components. Additionally, a solution 15 needed for a method of manufacturing
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an optical conumunication device that can be performed more easily yet still maintain the strict
tolerances required for such devices.
BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The components in the drawings are not necessarily to scale relative to each
other. Like reference numerals designate corresponding parts throughout the several views,

[oops]  FIG. 1 illustrates a perspective view of an optical comnumication device
according to an implementation of the invention;

[0006]  FIG. 2 illostrates a hermetically sealed laser sub-assembly showing a single
sub-mount with multiple lasers on it according to an implementation of the invention;

{00071 FIG. 3 illustrates & cross-section view of an optical communication device
according to an implementation of the invention;

[0008] FIG. 4 ilustrates a perspective view of an optical comnumication device
according to an implementation of the invention;

{0008]  FIG. § illostrates placement of individual sub-mounted Iasers on a TEC
according to an implementation of the invention;

{0830]  FIG. 6A illustrates an individually sub-mounted laser according o an
mplementation of the fnvention;

0011} FIG. 68 illustrates the placement of a single laser on a sub-mount on a TEC
according to an implementation of the invention;

[0013]  FIG. 6C illustrates the placement of two lasers on individual sub-mounts on a
TEC and illustrating vouting of wire bonds including clearance check for wire bond capillary
according to an implementation of the invention;

[0033]  FIG. 6D iilustrates the placemeont of four lasers on individual sub-mounts on a

TEC according to an implementation of the invention;

o
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[0034]  FIG. 6F illustrates the placement of four lenses and wire leads on four
ndividually sub-mounied lasers on a TEC according to an implementation of the invention;

[0015]  FIG. 7 illustrates a perspective view of the alignment of four lenses on four
lasers on individual sub-mounts on a TEC providing mechanical stabilization and improved
reliability according to an implementation of the imvention;

[oo36]  FIG. 8A illustrates a perspective view of an optical conmmonication device with
horizontal TEC mounting according 1o an implementation of the mvention;

{00171  FIG. 8B illusiraies a side view of the alignment of an optical communication
device according to an implementation of the invention;

{0018] FIG. 9A illustrates a perspective view of an optical communication device
according to an implementation of the invention;

[0019]  FIG. 9B illustrates a side view of the alignment of an optical comuumnication
device according to an implementation of the invention;

fo020]  FIG. 10 illostrates a wafer configuration with pre-defined breaks according to
an iraplomentation of the manufacture of the jovention;

foo23] FIG. 11 illustrates a silicon photonics chip {(e.g., sub-mount} with pre-defined
breaks according to an implementation of the manufacture of the invention;

{00221  FIG. 12A iliustrates a silicon photonics chip and laser sub-mount movnted to
carrier wafer configuration with pre-defined breaks according to an implementation of the
manufacture of the fnvention;

[0023] FIG. 12B illustrates the tooling of a wafer configuration with pre-defined
breaks according to an implementation of the manufacture of the invention;

[0024]  FIGS. 13A-E illustrate the tooling of an optical communication device

according to an implementation of the manufacture of the invention;

(IS
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o251 FIGS. 14A-8 illustrate the flow of signals in an optical communication device
according to an implementation of the invention;

[0026] FIGS. 15A-E ilhustrate the tooling of an optical communication device
according to another implementation of the manufacture of the invention;

{0027]  FIG. 16A illustrates a perspective view of an optical commumication device
according to another implementation of the invention;

[0028]  FIG. 168 illustrates a top view of an optical comunumication device according
to another implementation of the invention;

[0028]  FIG. 16C illustrates a cross-soction view of an optical communication device
according to another implemeniation of the invention;

(00307 FIGS. 17A-8 illustrate a silicon photonics chip and laser sub-mount mounted
to a carrier wafer configuration with pre-defined breaks according to another implemerdation of
the manufacture of the invention;

00311 FIG. 18 illustrates a method of using an efficient optical communication device
according to one implemerdation of the invention; and

foo32] FIG. 19 illustrates a method of manufacturing an optical communication device
according to one tmplementation of the invention.

DESCRIPTION OF EXAMPLE EMBODIMENTS
OVERVIEW

0033} Inaccordance with an example implementation disclosed hercin, an optical
communication device may comprise a laser within a hermetically sealed sub-assembly for use
i an optical conumunications network. A thermo-electrical cooler may also reside within the
hermetically sealed sub-assembly for dissipating heat generated by the laser. A window may

form part of the hermetically sealed sub-assembly for communicating a light beam between the
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laser and an optical input situated outside the hermetically sealed sub-assembly. The optical
mput may be connected to an optical modulator outside the hermetically sealed sub-assembly to
modulate the Hght bear and send a modulated optical signal to an optical communication
network,

[0034]  In another example implementation, a laser may receive at a hermetically
scaled optical sub-assembly an electrical wput from an oxternal source. In response, a laseron a
sob-mount within the hermetically sealed optical sub-assembly may be fired corresponding to the
clectrical input. An optical modulator outside of the hermetically sealed sub-assembly may
receive the output of the first laser and modulate the light and send the modulated light to an
optical communication network through an optical connector that forms part of the optical
commumication device.

{0035]  Further exemplary implemeniations disclosed herein may provide methods of
manufactoring an optical commumication device and hermetically sealed sub-assembly. In one
example implementation, a method of manufacturing an optical communication device may
nclude positioning a first sub-mound configured to accommodate an optical laser on a carrier
wafer approximately adjacent to a first pre-defined break line in the carrier wafer. A second sub-
mount i then configured to accommodate an optical moduolator on the same carrier wafer
approximately adjacent to a second pre-defined break Hoe in the carrier wafer. Optionally, a jaw
tool or nverted pyramid tool may then be used to align the first and second sub-mounts such that
lasers/lenses on the first sub-mount and the modolator on the second seb-mount are coarsely pre-
aligned with subscquent fine alignment step for lenses to maximize optical coupling between
taser and modulator.

[0036]  The first sub-moont can further be hermetically sealed in a sub-assembly. A

window in the sub-assembly s aligned with the output of the optical laser. The optical device
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platform and sub-assembly may then be placed adjacent to each other such that the first and
second sub-mounts are optionally passively re-aligned, thus allowing the laser(s) within the first
sub-assembly to be aligned with the mput(s) of the optical modulator.

{00371  In an alternative exemplary implementation disclosed hevein, a method of
manufacturing an optical conununication device may enfail preparing a first pre-detined break
line in a sub-mount approximate to a portion of the sub-mount that is configured to
accommodate an optical laser and preparing a second pre-defined break line in the sub-mount
approximate to a portion of the sub-moumt that is configured to accommodate an optical
modulator. The sub-mount meay then be attached perpendicular to a TEC and paraliel to an
optical device platform (i.e., optical beach). The portion of the sub-mount between the first and
second break lincs may then be removed so as to aliow further manufacture in accordance with
methods disclosed herein.

BESCRIPTION

[0038]  Insome optical network devices, lasers are used that require temperature
control with a thermo-clectrical cooler (TEC) to maintain output wavelength and/or power. To
avoid condensation on temperature controiled (cooled) areas, 2 hermetic enclosure is utilized to
enclose the electrical components, modudators, and lasers. For example, in optical device
applications, a transmiiter optical sub-assembly (TOSA) may be created by hermetically sealing
components inside a suitable enclosure. In this way the components (which typically include
lasers and optical modelators) may be cooled without forming problematic condensation within
the optical device. Accordingly, the TOSA may take clectrical input signals through connection
leads and export the optical signals through ar optical recepiacle (e.g., an optical connector or
patch chord is inserted into a receptacle to guide light via fiber to its final destination} by way of

the hermetically scaled laser and modildator assembly enclosure.
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[0039]  While the creation of such an optical device provides mmereased throughput and
moiniaturized structures, the energy requiremerds for these devices remains high due to the
clectrical encrgy required (o cool the laser and other components {e.g., modelator) hermetically
sealed within the enclosure. This 1s in part at least because all of the components are located on
the TEC and multiple short wire bouds leading to the modulator increase power consumpiion.

[004¢]  Further, because the modulator is within the hermetically enclosed structure,
the electrical leads including multiple RF hnes must be routed through non-conducting fnsulation
{e.g., ceramic) from the inside of the enclosure to the connector portion while maintaining the
hermeticity of the package, thus creating additional manofacturing expense and hardship.
Additionally, the final design of the connector remains high, as hermetic RF feed through is
more costly compared to low cost DC feed-through {e.g., glass or metal). Furthermore,
manufacturing requirements for perfecting height tolerances in the proper alignment of the lasers
within the hermetically sealed enclosure remain strict, and in some cases manufacturing i3
prohibited or slowed due to these requirements.

{00411  In an cxample implementation, the optical communication device disclosed
herein may have a hermetic sub-assembly of lasers and thermo-clectrical coclers (TEC)
ntegrated within a sturdy optical platform or bench which further holds optical components -
e.g., isolator, optical modulator, mirrors, connectors, and electrical chips/circuits. The cost of the
inventive device may be reduced over conventional designs by using TO-industry parts without
compronusing performance and guarantecing the highest yield possible. In various
implementations disclosed hercin, rmwultiple lasers can be placed inside the hermetic package to
aliow multiple chaunel transmissions. A window cap on the hermetic enclosure may allow the

unsealed components to receive and transmit information from/to the hermetically sealed laser
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components. In this way, less energy is consumed by the device than conventional optical
device configurations.

i0042]  The present disclosure also provides methods for absorbing the large height
tolerances of thermo-electrical coolers (TECs), which can be in the range of plus or minus 0.1
millimeters (om), without compromising the stability of the optical package. Additionally,
exemplary implementations disclosed herein allow for the burn-in of individual lasers to
maximize yield and still allow for an arrangement of lasers on a certain pitch 1o be able to use
lens arrays and couple light to a modulator with multiple inputs on the same pitch. The laser may
be on a sub-mount, such as ceramic.

[0043]  In further exemplary implementations disclosed herein, the inventive optical
communication device may also have a window forming part of the hermetically sealed
asserubly for communicating between the faser and an optical input stiuated outside the
hermetically scaled assembly. The optical input and/or inputs may be coupled to an optical
modulator (comprising silicon photonics) through which signal processing may be performed on
the signal from the laser. Au isclater to divect the laser may be cither outside or within the
hermetically sealed asscmbly. The optical communication device may also have an optical
output for commumication with an optical communications network., Various types of optical
comnectors for receiving an optical signal from the optical output and accessing the optical
communications network may also be used.

[0044]  The TEC that may be used in the optical comnumication device can be
vertically or horizontally oriented within the hermetically sealed assembly. If vertically oriented,
height tolerance adjustments of the laser may be made by adjusting the position of the laser
vertically on the TEC. If horizontally oriented, height adjustments between the laser and the

optical input may be made by varying the bottom Hd of the hermetically scaled assembly or the
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depth of the optical modulator or depth of laser mounting. When the depth of the optical
modulator or laser is varied, a spacer below the modulator or within the hermetically sealed
enclosure below or above the TEC may be configured to account for height adjustments.

{00451  Optionally, the optical connnuonication device may have maoltiple lasers on a
single sub-mount positioned on the TEC (instead of individual lasers on a sub-mount) such that 2
spacer is positioned underneath the sub-mount and adjacent to the TEC to facilitate heat
dissipation generated from the laser or lasers.

[0046]  Excmplary implementations of the optical communication device described in
the present disclosure thus provide for a reliable, flexible, and sturdy optical communication
device. Ome implementation may have 8 transmitting optical sub-assembly for which low cost
components from transistor outline industry (high volume) may be used, such as a standard
transistor outhine header (TO-header}, and window cap with low cost glass/metal hermetic seal.
Energy cfficiency is provided by hermetically sealing Hmited arcas, such as the cooled orun-
cooled laser(s) that may be used as continuous light sources. This allows for the optical
modulator and connector sections of the inventive optical commmumnication device to remain
ouiside the hermetic package, providing advaniages as described hercin. This also prevents
costly hermetic radio frequency (RF) feed through.

{0047]  According to the various implementations, the disclosure provided herein is
capable of providing advantages over the conventional TOSA connector. First, the hermetic area
disclosed herein may contain divect current {DC) hnes and no radio frequency (RF) signals thus
allowing cheapor and casier routing than conventional designs. (This is in part because
glass/metal feed-through with round pins is only effective for ess than 10-Gb speeds. Beyond
10-Gb speeds, ceramic multi-layer has superior RE performance (less reflection/radiation and

more transmission of RF signals).y Specifically, preparing a feed-through of DC signals into the
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hermetic area is much cheaper and easier compared to routing RF signals because stmple
¢lass/metal seals can be used versus multiple ceramic layers mating with metal seals as required
for RF routing. Second, the optical communication device may couyprise, 1n cortain
implementations, lower cost standard packaging parts, such as ceramic sub-mounts, standard
window caps, and/or standard pin headers. Third, the optical commumication device may have a
higher laser burn in yicld due to the preferred individual laser on a sub-mount design described
herein where individual sub-mounts may be replaced instead of replacing a multiple laser sub-
mount due to a single laser failure. Fourth, the optical commumication device may produce
lower power consumption because it only requirves that lasers within the hermetic package be
cooled as opposed to electronics contained within the modulator section as required by
conventional devices. Fifth, the optical communication device may produce a lower passive
head load since no short wire bonds from hot to cold are required. Sixth, the optical
communication device provides an clegant solution for the separation of fasers and modulator by
tilting the TEC 90-degress (or substantially vertical) to deal with TEC height tolerances without
compromsing stability or requiring more complicated design featores to absorb TEC height
tolerances {like shimming, laser or modulator beight adjustroent).

[0048]  In onc mplementation disclosed herein, low-cost TG-header technology with
mudtiple VO pins can be used to allow DC routing of laser biases, along with TEC current and
temperaiure sensor connections {e.g., comnections for thermistor). The laser(s) can be mounted
on individual sub-mounts (preferably low cost and high thermal conductivity ceramics versus
more costly sthicon processed seb-mounts with lower thermal conductivity, which increases TEC
power). This would allow individual burn in of each laser on sub-mounts and passing dies could
be used for subsequent assembly. That way burn in yield is maximized versus simultancous burn

n of several lasers on the same sub-mount which would make the whole sob-assembly fail if

10
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only one laser burn-in failed. However, it 1s to be understood by those of ordinary skill in the art,
that the sub-assembly could use any kind of sub-mounts covering both mdividual or group
{wafer) burn in strategies.

[0048]  If the preferred individual laser sub-mounts are implemented, the shape of the
sub-mounts may allow for each individual laser to be mounted on the TEC top surface to allow
light emission in line with the TO-package center axis. This would also allow multiple sub-
mounts with lasers 1o be arranged on a pitch of as little as 0.5mm to mateh the pitch of the lens
arrays and/or the modulator seetion pitch. To allow easy handling and burn i of individual sub-
roounts, it is preferred that they have a minimum size of 0.8mm to 0.9mm.  Also, burnin
requires minimwwm pad size on laser sub-mounts to make a reliable electrical contact {(e.g., with
pogo pins). Optionally, the arrangement of several sub-mounts on the TEC top surface can be
alternating {or opposing) so that all odd channels are facing one way and even chaonels are
rotated the opposite way {(i.e., 180 degrees). This allows the sub-assembly to maintain the desired
smaller pitch {e.g., 0.5mm}. Otherwise, a pitch such as 1.0 mn would be the minimum pitch
size, accordingly himiting the packaging size. In accordance with the individual sub-mount
impleraentation, & cut out on one sub-mount side may be utilized to avoid futerference with the
laser wire-bond of the adjacent channel. The clearance cot on the sub-mount can easily be added
before sub-mount separation by a dicing blade without adding much cost. In contrast,
conventional desigos use more costly reactive jon etching on silicon to create clearance cuts.

[005¢]  Electrical connection may be established by wire bonds from sub-mount pads
1o the TO-header pins (as discussed with reference to FIG. 6). Layout of both sub-mount and
header pins can also be carefully chosen to maintain a small footprint and still allow wire
bondability. On the sub-mount backside where it makes contact with the TEC top surface,

conductive epoxy can be used to electrically connect the sub-mount pad to a metalized or

11
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patterned TEC top swrface and/or additional patterned substrate mounted to the TEC top surface
{i.e., could be a common ground for all lasers). The clectrical commection can be a 90-degree
berd via the conductive cpoxy on the sub-mount pad close to back side to TEC top surface. This
would be the lowest cost solation {(without a 90-degree epoxy path, wire bonds would need to
replace the connection because there is imited space/access for additional pads; wrapping metal
pads around cdges opens up additional space to place pads but increases the cost for the sub-
mount). Alternatively, as noted, sub-mounis with conductive paths wrapping arcund (multiple)
edges could be used to have a wire-bond connection ouly. However, this would increase the cost
of the sub-mounts,

{00511  Optionally, to increase the mechanical integrity of the laser sub-mount array on
a vertically movnted thermo-clectrical top surface a frame structure can be ghied to the front side
of the sub-roounis conunecting all sub-mounts with each other and increasing the stiffness of the
assembly,

[8052]  Fach laser can be mounted at a controlled distance to the front face of the sub-
mound. A first fens can then be aligned and glued to cach of the front faces of the sub-mounts 1o
collimate or bend the laser light. This allows larger physical separation between the Iaser and the
modulator section to accommodate the hermetic sealing with a window cap. Alternatively a lens
array can be aligned and ghued 1o the laser sub-mount frond surfaces.

[0053]  Accordingly, the hermetic sub-assembly comprised of a TO-header and
buiids a robust unit that can be casily handled and tested before being used in subsequent
assembly steps. The optical sub-assembly can then be aligned and fixed (by weld, ghic and/or
solder) within the optical bench so that the laser signal/light may be horizontal 1o the optical

bench. This requires a 90 degree tilt of the header with regards to the optical platform/bench. In

12
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this way, the optical setup is immune against any TEC height tolerances. It also allows exact
aligoment of laser beams in x/y/z and angle to maich the optical height and position of the
modulator such that the modulator height does not have to be strictly controlled. 1t should be
noted that the use of a TEC is not mandatory for some implementations {e.g., CWDM or non-
WM}, For those applications, the TO-header would only provide hermetic package for the un-
cooled laser(s), still allowing the usage of laser(s) that requires hermetic packaging (which is
required, for example, by a majority of current commercially available Indiom phosphide lasers).

[0084]  Consistent with this disclosure, the optical bench material may be a variety of
materials, mcluding but not imited to, kovar or CuW to match the silicon coefficient of thermal
cxpansion (CTE) and to also provide good heat sinking in case of CuW. Metal injection molding
{MIM) can alternatively be used for the optical bench in order to reduce cost for higher volumes
of the optical comroumication device. Typical metal injection molding dimensional tolerances are
acceptable for the present invention.

(00851 Alternatively, ceramic could also be used as optical bench material but it is
more challenging to machine fo the required shape.  Additionally, a hybnd of ceramic/raetal or
metal/metal is an option if laser welding is required, cspecially for a connection between the TO-
header and the optical bench and the fiber optic comector/receptacle to the optical bench.

{0856]  According {o onc impicmentation of the manufacture of the inventive optical
communication device, isolators between the lasers and modulator would be attached to the
device, followed by the placement and adhesive attachment of the modulator to the optical
bench. Coarse alignment is also acceptable in the event a secondary lens (or array) is used on the
modulator input side (such a secondary lens alignment would require high precision).

Alternatively, a staggered layout of modulator tuput channels would allow larger secondary

13
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lenses and casier tooling aceess. Further, in another alternative implementation, all moduolator
nputs can be on the same line and a secondary lens array could be used.

{08571 To route the modulator outpwt light more easily to a fiber (array) connector, it
is beneficial to have the modulator output side be different than the tuput side to allow foran
casier arrangement of components not avatlable due to space constrains when arranging oo the
same side. In any event, the fiber (array) connector placement and attachment to the optical
platforny/bench can be either the last or second-to-last optical alignment step depending on
process preferences for mamufacturing the optical communication device. As noted, individual
or array ienses can be used.

[0058]  As further disclosed herein, the optical bench can be designed such that one or
more driver integrated circuits can be mounted adjacent to the modulator or even placed directly
on the modulator. Counection to a printed circuit board (PCB) can be such that wire bonds or
flex connections vsed between an integrated cireait and PCB or alternatively a cut out on the
optical bench counld allow a ball grid array (BGA) attachment of the integrated circuits 1o the
PCH.

{00581 A further aspect of an exemplary implementation of the optical commuonication
device disclosed herein inchides the heat sinking of the TEC. Tn a vertical orientation, the heat
has to take a 90 degree turn from header backside to the heat sink which is typically paraliel to
the optical bench. By using high thermal conductivity steel for the header and an appropriate heat
sink, which makes contact to the header back side (e.g., copper finger}, the temperature drop
within the heat sink path can be minimized to an acceptable level {e.g., adding an additional high
thermal conductive material to the header backside offers the heat a paralle! path decreasing

thermal resistance and temperature drop to ambient temperature).
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(00807  The figures disclosed herein provide further details for the inventive optical
communication device.

fooe1l  FIG. 1 ilustrates a perspective view of an optical commaunication device 100
according to an implementation of the invention. The optical commumication device 100 may
comprise two main components: the optical platformy/bench 105 and the hermetically scaled
optical sub-assembly 200, As shown, a modulator 110 (comprising silicon photonics) and a
printed circuit board (PCB) 115 may be fixably attached to the optical comnumication device
platform 103, Additionally, an clectrical integrated cireuit 111 (e.g., a flip chip bonded via a
BGA) may be bonded to the modulator 110,

0082l One or more input lenses 120A-N may reside on the modulator 110 1o couple
laser signals received from the optical sub-assembly 200 wto the photonic modulator 110 for
processing. A laser ouiput fons 125 on the modulator 110 may also be used (o couple the output
of the photonic modulator 110 10 an optical commumnication network through an optical interface
130 {such as the lensed fiber receptacle 130 shown in FIG. 1 or alternative receptacles (not
shown)). It should be noted that additional componenis may be placed on the optical
bench/platform 105, inchuding but not limited o passive electrical components and active driver
ntegrated circuits, main electrical PCB 115, and/or nuiero optics furning nurrors. The electrical
connection to the PCB 115 {or other main elecirical board) can be done by a bali grid array
(BGA) or can also be dons by flexible PCB or wire bond.

[0063]  The optical interface 130 may comprise a varicty of forms, including but not
timited to, a lensed fiber (shown in FIG. 1} or any other optical receptacie to aliow a connection
to an optical patch cord. Regardless of the type, the optical interface 130 can be attached to the

optical platform {e.g., ghied, soldered or welded) before or after the output lens is aligned and
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put into place at the modulator output side to couple maximum Hght into the optical interface

[—
.
o
o
o

[0064]  FIG. 2 further illostrates the hermetically scaled optical sub-assembly 200
according to one implementation of the invention. The sub-assembly 200 provides an air-tight
scaled enclosure for placement of @ TEC 210 and sub-mounted lascrs 215A-N. As shown, fo
maximize heat dissipation and increase mechanical stability, 2 spacer 220 may be incorporated
underneath the lasers 215A-N. This spacer 220 may comprise a material, such as ceramic, or
other material intended to dissipate heat from the sub-mounted lasers 215A-N. The lasers 215A-
N may be individually sub-mounted (as discussed with regard to FIGS. 6A-EH) or alternatively
mounted together on a sub-mount. To dircct the optical light or signal from the lasers 215A-N 1o
the modulator 110, one or more lenses (or a lens array) may be mounted adjacent to the lasers
215A-N. Metalized pads 245 may be used to carry current to the sub-mounted lasers 215A-N.
As shown in FIG. 4, there may be a gap 310 between the TEC 210 and the laser sub-mount
(which is typically silicon) so that the electrical pads 243 do not short on the TEC 210, If this
gap 1s filled with electrical condactive adhesive (like silver filled epoxy), there is arisk of
clectrical shortage duc to overflowing epoxy. Therefore, an epoxy that has high thermal
conduetivity but is not elecirically conductive is preferred. For example, in one exemplary
implementation, an epoxy filled with ceramic particles can be used to provide a thermal, but not
clectrical, conductive cpoxy (as discussed further with regard to FIG. 3).

[00685]  The temperature inside the hermetically sealed sub-assembly 200 may be
measured by a temperature sensor like thermistor 240, As funther shown in FIG. 2, the optical
sub-assembly may also comprise a window cap 230 that allows laser light to reach the modulator

110 optical signal inputs 120A-N {(as shown in FIG. 1). In this implementation, an isolator 235 is
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located next to the sub-mounted lasers 215A-N. However, as described herein, this isolator 235
alternatively may be located outside the sub-assembly.

i0066]  FIG. 3 illusirates a cross section view of an optical conumumication device 100
according to an implementation of the fnvention. As shown in this implementation, the TEC 210
and header 203 are turned 90-degrees 1o a substantially vertical position. Doing so allows for the
height tolerances to be casily accounted for between the location of the modulator 110 and the
output of the lasers 215A-N. For example, the spacer 220, sub-mounted lasers 21SA-N, and
isolator 235 could be adjusted vertically 1o account for any variances arising between the
placersent of the modulator 110 and the lasers 2153A-N. Alternatively, the sub-agsembly 200
itself could be adjusted when placed in the optical platform 1065 {o create proper alignment
between the lasers 215A-N and modulator 110, if required, before being fixably attached to the
optical platform.

[0067]  Asalso shown in FIG. 3, a gap 310 may be provided between the sub-mount of
the laser (e.g., silicon) and the TEC 210 to prevent an electrical shortage at the laser. In this
contiguration, heat travels from the laser (7.e., the source of the beat), down through the sub-
mount, and through the spacer 220 to the TEC 210. Alternatively, as mentionad previously, the
gap 310 may be filled with a high thermal conductivity epoxy (e.g., 3W/mK), such as epoxy
filled with ceramic particles, to improve thermal performance, thus allowing the heat to fravel
direcily through the epoxy to the TEC 210, An example illostrates the thermal efficiency gained
through this approach. For example, with spacer thickness of t=0.5mm, the laser temperature
may be reduced by approximately 1.2° C and for t = 2mm, the reduction can be approximately
0.5° C (assuming the teraperature of the laser is 50° C and the ambient temperaturc is 75° C).
This is significant, as with four lasers running at 120mA cach, this amounts to a TEC power

savings of 40mW per 1° C.
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[0068] FIG. 4 ilustrates a perspective view of an optical commumication device
according to ancther troplementation of the invention. As noted, the isolator 235 in this
implementation is shown outside of the hermetically asscmbled sub-assembly 200, Further, this
tmplementation ilustrates that the optical commenication device 100 may conmect to an optical
network through any number of interface 130 contigurations (e g., receptacles).

[006%]  Inthe implementation shown in FIG, §, individual sub-mounted tasers SOSA-N
proviously discussed. This configuration may be used as an alternative to the multipie lasers on
a sub-mournt configuration. In either case, to facilitate the exchange of laser light or signals
between the sub-assembly 200 and the modelator inputs 120A-N, the sub-mounted lasers
beneficially have lenses 510A-N to focus or collimate the laser Hght so that 1f may extend
through the window cap 230 and reach the modulator tnputs 120A-N. Altcrnatively, a lens array
may be used in place of ndividual lenses.

{00701 FIGS. 6A through 6F dlustrate a preferred design and configuration for the
placement of individual sub-mounted lasers SO5A-N according to an implementation of the
tnvention. In FIG. 64, a single sub-mounted laser is shown. The laser on individeal sub-movunt
design comprises a laser 605 with a wire bond, burn in pads 610 (for electrical contact during
burn in needie or pin contact), and a clearance 615 cut o avoid contact with the wire bond of
adjacent lasers. As noted previously, the clearance 615 may be formed by a dicing blade without
adding much cost to the manufacturing process.

(00711 FIG. 68 further illustrates the placement of the single sub-mounted laser 505
on the TEC 210 according to an implementation of the invention. The laser on a sub-mount 535
may be ghied or otherwise fixably attached to the TEC 210 and a wire bond may be extended to

form an eclectrical connection to a pin on the header 2035 or other pin assembly used inthe
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hermetically scaled sub-assembly 200, In accordance with FIG. 6C, a second sub-mounted laser
565 may be placed on the TEC 210 adjacent to and opposing the fivst mdividually sub-mounted
faser 505, This configuration allows for efficient routing of wire bonds 625A-N to pins on the
header 205, Further, as shown, this placement allows adequate clearance for using a tool 620 to
attach the wire bonds 625A-N,

I6072]  Asshown in FIG. 6D, four sub-mounted lasers 505A-D have been placed on
the TEC 210 according to an implementation of the invention. Each may be comected to
respective pins 515A-N through wive bonds 625A-D. FIG. 6E illustrates the placement of four
lenses on the four lasers S05A-N on individual sub-mounts on a TEC 210 according to a further
implementation of the lnvention. As previcusly noted, a lens array could alicrnatively be used in
place of the individual lenses.

{0073]  The positioning of the iasers 505A-N in a line in an opposing manner as shown
in FIGS. 6B through 6E allows for a smaller controlled piteh. Preferably, this pitch can range
from 0.5mm to 1.0 mm, and a pitch of 0.5 mm is shown in FIGS. 6D through 6E. This pitch
provides advantages becanse it allows for denser component arrangement, smaller footprint and
fower cost.

[0074]  In FIG. 7, an exemplary implementation of the sub-mounted laser SO05A-N
configuration is shown with a metal {or other material) frame 705 that has been optionally ghied
or otherwise fixably attached to the sub-mounted lasers SO5A-N around the lenses 510A-N {o
stabilize the structure. Such stabilization allows for more stable performance over all operations,
conditions and i better reliability.

{00751 FIGS. 8A through 8B illustrate views of another optical commaunication device
according to an implementation of the invention. In FIG. 8A, the optical commumication device

100 comprises an optical bench/platform 8035 and a hormetically sealed optical sub-assembly 801
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similar to that shown in FIG. |, However, in FIG. 8A, the optical sub-assembly 800 design
varies. dpecifically, as shown in greater detail in FIG. 88, the TEC 210 in sub-assembly 800 is
positioned horizontal relative to the modulator 110, Accordingly, sub-mounted lasers 215A-N
{which may be mounted fogether or individually sub-mounted) are positioned on the top of the
TEC 210 to provide heat dispersion required for the lasers. As noted previously, in some
configurations the laser might not require a TEC 210 within the hermetically sealed sub-
assembly 800, in which case the lasers would be height adjusted with a spacer as required to
meet alignment with the window cap 815 positioned between the lasers 215A-N and the inputs
120A-N to the modulator 110, It is noted that even when lasers do not requive a TEC 210, they
still requiire @ hermetically enclosed space, thus use of the present invention is applicable to un-
cooled lasers as well as cooled lasers.

[0076]  Asshown in FIG. 8B, when a TEC 210 is utilized, height adjustments of the
TEC 210 in respact to 805 and/or the modulator 110 may be made by placing the components
using a tooling component (shown by dashed hine 840 in FIG. 8B) and then welding the bottom
1id 825 with the TEC 210 at the preferred height to metal ring 830 A-N. Additionally, FIGS. 8A-
13 illustrate that a second hermetic seal between 830A-N and 810 can be used to join the top
metal lid 810 to the platform 805 (which, in this implementation, is multi-layer ceramic but may
be any suitable material). Optionally, as shown in FIG. 8B, the modulator 110 and integrated
cireuit board 115 may be pre-adjusted height-wise by the use of a spacer 820, which may be
machingd as a part of the platform 8035 or added afterwards during the manofacturing process.
Also the brazed metal rings 830 A-N used in welding should comprise ceramic with inferior RF
performance. Theretore, the RF routing should go directly to the PCB as opposed to being
routed via the ceramic. This may be done with wire bonds. While the isolator 235 is shown

tnside the hermetically scaled sub-assembly 800, #t may alternatively be located outside the
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hermetic enclosure 800 as discussed previously (if required at all). Further, as illustrated in
FIGS. 8A-B, the mventive optical conumunication device 100 may be manufactured without the
use of a standard TO-header, although it is econonically preferable to use a TO beader instead of
hermetic ceramic feed-through package.

00771 The operation of the optical convnunication device 100 shown in FIGS. 8A
and 8B nyay be the same as that described provicusly, Specifically, 2 continuous hight may be
fired from the lasers 2Z15A-N. While firing, the lasers 215A-N are cooled by TEC 210, The
laser light 1s passed through lenses to collimate the light adjacent to the lasers and then focused
outside the hermetically scaled optical sub-assembly 800, where they are coupled to the optical
modudator 110, As previously discussed, an isolator 235 may be siteated inside or outside the
hermetically sealed assembly 800, The modulator 110 then modulates the laser light based on
wput from the PCB 115 and outputs the modulated signal 1o the optical network 130,

[0078] FIGS. 9A through 9B illustrate yet additional views of an optical
communication device 100 according to another implementation of the invention. As shown
FI1G. 98, beight tolerances may be adjusted in the optical sub-assembly 900 by adjusting
distance/height between 110 and 820, With subsequent locking of 110 t0 820 {e.g., via ghig,
welding, or solder), the modulator 110 (silicon photonic chip) could be sitting on an additional
carrier {not shown} which is adjusted in respect to 820, Especially for the locking method
“welding,” this is preferred since the carrier material could be weldable kovar metal. Further, as
with the tmaplementation shown 1n FIGS. BA-B, a spacer 820 may also be used to adjust other
height adjustment on 110 side could be use of various shims in stepped-height variations
tolerances between the output of the sub-assembly 900 and the nput(s) 120A-N to the modulater
110. {Similarly, height adjustments (instead of modulator height adjustments) could likewise be

done inside hermetic area 810 between laser sub-mount 215A-N and TEC 210 (not shown}). In
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cither case as before, a window cap 815 is employed to allow communication between the
hermetically sealed lasers 8 1SA-N and the modulator 110 (which in turn may send signals to an
optical network through optical interface 1303,

{00781 As discussed previously, the various implementations disclosed herein offer
advantages over conventional designs. Such advantages inchude increased power performance
(lower power consumption), more economical packaging designs, and potentially smaller device
sizes. This hist is not exclusive, but inclodes other advantages recognized by those of ordinary
skill in the art.

I0080]  The present disclosure also provides an inventive method of manufacturing the
wmventive optical communication device 100, FIG. 10 illostrates a subassembly consisting of
carrier 10315, 1010 and 1005, A singulated sub-assembly is shown, but it could be part of & wafer
scale assembly (i.e., a wafer of many carriers 1015}, Carrier 1015 has pre-defined breaks
1020A-B according to an implementation of the manufacture of the invention. Such breaks
1020A-1B ensure easy separation of moedulator 1010 and laser section 1005in subsequent process
steps. Wafer scale assembly can have cost and handling advantages. An additional advantage is
pairing up of specific laser sub-mounts and modulators. The pairing can be kept throughout the
whole process resolting in easier optical alignment process and better final optical coupling.

For example, the modulator 1010 and laser sub-mount 1003 can be aligned approximately
adjacent to the breaks as shown. The complete subassembly 1000 can then be attached to the
optical bench and header simultancously and separated afterwards using pre-defined break lines
1020A-8B, This manufacturing process allows scaling of the laser sub-mount portion without
having the modulator in close proximity and in limited tooling access {as shown in FIGS. 138B-

E}.

o
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[0083]  FIG. 11 ilhustrates a subassembly 1100 with pre-defined breaks 1115A-B
according to another tropiementation of the menufacture of the fnvention. Similar 1o the
implementation shown in FIG. 10, the breaks 1115A-B allow for separation of laser portion 1165
and modalator portion 1110 in subseqoent process sieps. However, in this implementation, a
larger single silicon chip 1100 encorpasses both portions, climinating the need for additional
carricy 1015

[0082]  As shown in FIGSH. 12A through 12B, if two separate sub-mounts are used
{e.g., a laser sub-mount 1005 and a modulator 1010}, a subassembly 1015 with pre-defined
breaks 1020A-B according to an implementation of the manufacture of the invention may be
aligned using a tool 1205, In FIG. 12A the two sub-mounts in a8 first, course align step are
placed approximately aligned with the pre-defined breaks 1020A-B. Proper height alignment
between the sub-mounts 18 guaranteed by bond line control between 1015 and 1010 and between
1015 and 1005. However, to ensure proper side-to-side alignment, in one implementation a jaw
tool 1208 may be mserted into the space between the sub-movnts and opened as shown in FIG.
128 to position the two individual sub-mounts. (The jaw tool references oft of the precision
ctched features on sub-mounts 1005 and 1010). As shown, this may be performed after laser
attach and burn in for 1005 but before the final placement of specific components such as the
wsolator the modulator and laser lenses. However, such tooling could be performed at any time
prior to final attachment of the sub-mounts.

[0083] Similarly, FIGS. 17A through 178 illustrate another method of aligning the
taser sub-mount section 1005 and modulator section 1010, As shown, 2 first teol 1705A-8 may
be mserted into slots 1715A-B manufactured into the sub-mount section 10035 and modulator
section 1010, thus providing anguolar alignment. At the same time, a second tool 1710A-B may

be mserted into mverted pyramids 1720A-B. The combination of the second tool 1710A-B,
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which preferably comprises two elongated columms (e g, conical pins in a collet ased to hold the
component), cach ending in a pyramid or pointed shape, allows for proper lateral alignment
when placed into the inverted pyramids 1720A-B. This is shown in detail in FIG. 178, as second
tool 1710A 1s pressed nto the inverted pyramid slot 1720A that is machined or chemically
etched into the modulator section 1010,

{0084]  FIGS. 13A through 13E illustrate further tooling of an optical communication
device 100 according to an implementation of the mamaifactare of the nvention. In FIG. 134, 8
pre-formed tool 1305 holds the optical platform 105 in place against @ header 205 (that is
stationary during the tooling process). A second tool 1310 provides proper course alignment for
placing the sub-mount or carrier wafer. In FIG. 138, a subassembly 1100 with pre-formed
breaks (as discussed above with reference to FIG. 1) — or alternatively a wafer 1615 pre-formed
with breaks (as discussed abeve with reference to FIG. 10) — is positioned on top of the space
next io the thermo-cooler 210 and on fop of the optical platform 105, At this point epoxy may be
used to secure the sub-mount 1100 to the spacer 220 and optical platform 105, Curing can be
performed in the fixture.

I0085]  After cured, the portion of the subassembly 1100 between the breaks is broken
{i.e., cracked) under controlled conditions, This may be performed by a controlled tooling split
or conirolled stress exposure to a weak arca of the sub-mount. Whatever the case, the miiddle
portion of the sub-mount 1100 {or wafer, if using a wafer configuration) can be removed or will
fall away, as shown in FIG. 13C, Next, as illostrated in FIG. 13D, the tooling members 1310,
1305 have been removed, along with the optical platform 105, thus leaving the header 208
stabilized in the fixture with the TEC 210, laser sub-moount 1105, and spacer 220, With this
increased access, a thermistor 1320 may be added for beat monitoring and wire bonding may

QeCur.
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[0086]  Following the completion of the wiving of the laser sub-mount 1103 according
to FIG. 13D, a hermetic sealing step (either projection weld or laser scam sealing) will secure the
front cover 225 of the optical sub-asscmbly 200 to the header 205, Tooling moember 1303 and
tocling member 1315 may be used during this step. As previously described, the optical sub-
asserubly comprises a window cap 230 for sending laser light/signals. At this time, the coclosure
of the sub-asscmbly 200 can be hormetically sealed by soldering or welding around the joint
between the front cover 225 and the TO-header 205, After sealing 225 to 2053, tooling 1305,
1310 amnd 1300 are joined together again. Notably, splitting and re-joimng of 1303, 1310 and
1300 can be done repeatedly and precisely if designed right such that optical coupling between
1005 and 1010 is maintained without additional active re-alignment. Finally optical bench 105
and header 205 can be joined at interface 1350A and 13508 {0 secure alignment permanently
{attach methods could be soldering, laser welding or adhesive attach). The optical
communication device 100 can then be removed from the clasp and additional parts (such as a
PCB board and optical connector) can be added as required.

(00871 Optionally, onec way of joining header 203 to optical bench 105 is to rely on
tooling maintaining the optical alignment between 1005 and 1016, This could be advantageous
during manufacturing because it is faster and less expensive due to the aveidance of additional
alignment steps. However, because optical coupling could be compromised, there could be
applications where this is acceptable, while other applications are less forgiving and require
highest possible coupling. In those cases, after scaling of front cover 225 to header 205, an
additional active nuihtiple access aligoment step could be required between header 205 and
optical bench 105 before both parts are joined at interface 1350A and 13508,

[0088] In yet another implementation of the inventive optical commuonication device

100 shown in FIGS, 14A-B, an input lens array 1410 could be used in combination with an
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angled reflector 1405 to direct the optical signals into and oot of the modulator 1005, The input
array 1410 receive lasers Hght (here shown as receiving four laser beams as dashed lines) from
the laser sub-mount. The modulator 1005 would then modulate the light (by encoding data and
muitiplexing} the laser inputs and would in turn sond a single light beam to the optical network.
In FIG. 1, the laser output lens (or lenses) 125 for the modulator 110 may be placed proximate to
the optical connector 130, However, as shown in FIG. 148, this may also be doue by using an
angled reflector that bends the light 90 degrees and directs it to the optical interface/receptacic
130 that interfaces with the optical network. As such, various implementations are envisioned
for processing laser signals once coupled to the modulator 110, and the specific steps of
processing performed by a photonic modulaior 110 are not mandated by this disclosure. As such,
the inventive optical commumication device 100 is not hmited to any specific type or method of
optical processing.

f008%]  FIGS. 15A-E illustrate yet another tooling of an optical communication device
100 according to an implementation of the manufactire of the mvention. In FIG. 15A, a pre-
formed tool 1505 holds the optical platform 105 in place agamst a header 208 (that is stationary
during the tooling process). A second tool 1515 provides proper course alignment for placing
the sub-mount or carrier wafer.

[0080]  In FIG. 158, a wafer 1000 with pre-formed breaks (as discussed above with
reference to FIG. 10) — or altcrnatively a silicon chip with pre-formed breaks {as discussed above
with reference to FIG. 11} ~ is positioned on top of the space next to the thermo-cooler 210 and
on top of the optical platform 105, As shown, the optical platform 105 has a pre-formed area to
fosert a modubator 1600 for proper alignment. At this point epoxy may be used 1o secure the
wafer 1100 (with sub-mount portions) to the TEC 210 and optical platform 103, Cuoring can be

performed in the fixture.
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[0093]  After cured, the portion of the wafer 1000 between the pre-formed breaks is
cracked under controlied conditions. This may be performed by a controlled tooling sphit or
controlied stress exposure to a weak arca of the sub-mount. Whatever the case, the middle
portion of the wafer 1000 (or chup, if using a silicon sub-mount configuration} can be removed or
will fall away, as shown in F1G. 15C. The tooling members 1510 and 1515 are then removed,
along with the optical platform 105, leaving the header 205 siabilized in the fixture with the TEC
214 and laser sab-mount portion 1005, With this increased access, 8 thermistor may be added
for heat monitoring and wire bonding may occur.

{00921  Following the completion of the wiring of the laser sub-mount portion 1005, a
hermetic sealing step {either projection or weld or laser seam sealing} will secure the front cover
225 ot the optical sub-assembly 200 to the header 2035 as shown to the right in FIG. 15C.
Tooling mersher 1510 and tooling member 1515 may then be re-inserted as shown i FIG. 15D,
Notably, splitting and re-joining of tooling members 1508, 1510 and 1515 can be done
repeatedly and precisely if designed right such that optical coupling between sub-mount portions
1005 and 1010 is maintained without additional active re-alignment.

[0093]  As previcusly described, the gptical sub-assembly comprises a window cap
230 for sending laser light/signals. Ag shown in FIG. 15C, right side, the enclosure of the sub-
asserably 200 can be hermetically sealed by soldering or welding around the joint between the
fromt cover 223 and the TO-header 205, After sealing cover 225 to header 203, tooling members
1505 and 1510 and 1515 are joined together again. Finally optical bench 103 and header 205 can
be joined at their interfaces to sceure alignmaent permanently (attach methods could be soldering,
laser welding or adhesive attach). The optical communication device 100 can then be removed
from the clasp and additional parts (sach as a PCB board and optical connector) can be added as

required as shown in FIG, 15K,
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[00%4]  As poted, the optical comnumication device 100 may comprise a number of
difterent implementations. FIG. 16A illustrates yet another example of the optical
communication device 100 according to another implementation of the invention. In this
configuration, a window cap 230 s again used to transmit laser Hght from inside the hermetically
enclosed sub-assembly 200, As shown wn FIG. 16A, a lid 1605 may be used to seal the sub-
mounted lasers afier they are nserted in the cover 225 during the manufacturing process.
Electrical leads 162SA-N {e.g., made from low cost hermetic glass/metal seal} may be used to
provide electrical input to the lasers, which may be part of a laser-sub-moumt, such as the sub-
mount portion 1010 shown in FIG. 168, A modulator portion 1005 may then be positioned on
an optical bench 105 outside of the sub-assembly 200 to receive the lascr light through the
window cap 230. As described previously, the modulator portion 1005 may then modulate
signals using the light and utilize an interface (not shown} to access an optical network.

[00%5]  Asshown in FIG. 160, the TEC 210 1s horizontal in this implementation,
allowing height adjustments to be performed as previously noted with reference to FIGS. 8
through 9. However, in this specific example optical bench 105 can be height adijusted by
moving 105 up or down with refercnee to the optical sub-assembly 200 and, in particular, the
window cap 230, which are stationary. Once the right height is found, optical bench/platform
105 can be perraanently attached to the hermetically sealed sub-assembly 200 and window cap
230with laser welding as indicated with arvows in FIG. 16B.

[0086]  Further, to achieve highest optical coupling, individual lasers 120A-N can be
aligned, as a last step, to the modulator 110 rather than using a lens array 1610 like the one
shown in FIG. 16A. That way optical misalignment of the multiple collimated beams to cach

other can be compensated and maximum coupling can be achieved. However, if applications
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allow for less perfect alignment conditions, then the more efficient lens array 1610 could be used
instead.

I0097]  Alternatively, to recover coupling loss n instances where, for example, optical
coupling shifted too muoch following the window cap weld, an optical flat {(or window) may be
used in the optical subassembly. This may be beneficial since the window in the window cap
may ot be perfectly aligoed 90-degrees, but may have some random distribution in the range of
+/- 2 degrees. Such a situation introduces beam walk {(vertically to optical beam) in the range of
6 to 7 um. Accordingly, adding an optical flat and filting it in an opposite way as the random tilt
of the window may be used to beneficially recover the coupling loss due to beam walk., As such,
a flat window of thickness “h” can be inserted into the collimated beam between the TO and
waveguide and the flat window can be tilted and sccured to shift the beam by distance “d”. In
addition, a secondary recovery mode could be used to recover optical tilt introduced by
uncontrolled shift during the sub-assembly to platform attachment. 1n this optional
configuration, a single/double wedge/prism could be used to recover loss and bend the
collimated beam back to center (similar to that deseribed with reference to the lens array 1610},

[0098]  In accordance with the above description, FIG. 18 illustrates an example
method 1300 of using an efficient optical device. At step 1805, a hermetically sealed optical
sub-assembly receives an clectrical input. This fuput may be generated from an cutside source ot
a source residing at the sub-assembly, Atstep 1810, one or more lasers are fired within the
hermetically scaled optical sub-assembly. As noted herein, this laser or lasers may reside on a
sub-mount and be affixed 1o a thermo-cocler. At step 1815, the laser beam generated from the
laser is then received outside the hormetically sealed sub-assembly at a modulator. At this poiot,
the modulator may or may not act on the beam to generate a sigual for use in an optical

communication network. In either case, however, at step 1820 the beam is directed through the
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modulator and cutput to an optical communication network, As noted, any number and type of
optical connectors may provide aceess for the device to conmunicate with the optical network.

i0098]  Further, in accordance with the above described manufacturing process, Figure
19 provides an example method of manufacturing an optical communication device according to
one implementation of the jnvention. At step 1905, a laser sub-roount 18 positioned on a carrier
wafter adjacent to a first pre-defined break in a carrigr wafer. (As noted previously, in another
implementation not shown in method 1900, pre-defined breaks may be instead made in a single
sub-mount that can carry both a laser portion and a modulator portion n Heu of using a carrier
wafer.) Atstep 1910, 2 modulator sub-moount is thon positioned adjacent to 2 second pre-defined
break in the carrier wafer.

[00100]  In both instances, the sub-mounts may be ghied or otherwise fixably attached
to the carrier wafer. Further, to ensure proper alignment before or after adbesion material is
applied, a jaw tool or inverted pyramid tool (as disclosed herein) may be used to align the two
sub-mounts, After the modulator sub-mount is fixed, the laser-sub-mount {via the carrier wafer
or in addition 1o the carricr water) may be secured 1o a thermo-clectrical cooler at step 1915,
Likewise, at step 1920, the modulator sub-mount (via the carrier water or in addition to the
carrier water) may be secured to an optical platform to hold the sub-assembly and modelator
components in place.

[00103] Once these sub-mounts are secured, the portion of the carrier wafer between
the two sub-mounts may be broken or cut away and removed at step 1925, As discussed herein,
the modulator section may optionally then be removed to allow tooling access 1o the thermo-
clectrical cooler and laser sub-mount. Io any ovent, as noted at step 1930, the laser sub-mount
and at least a portion of the thermo-electrical cooler is sealed mside a hermetically sealed sub-

assembly that contains a window for commumicating between the laser sub-mount and modulator
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sob-mount. In particular, the window allows a laser beam to be fired from a laser on the
hermetically sealed sub-movumnt and received by an input on the moduiator that is not hermetically
sealed. To achicve this, any of the alignment techuigues disclosed herein may be used.

[00102] Althoogh the subject matter hevein has been described in language specific to
structural features and/or methodelogical acts, it s t¢ be understond that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are disclosed as example forms of

implementing the claims.
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WHAT IS CLAIMED:

1. Axn apparatus comprising:

a hermetically sealed component;

a laser disposed within the hermetically scaled component;

a thermo-electrical cooler disposed within the hermetically sealed component and
configured to dissipate heat generated by the laser; and

a window forming part of the bermetically sealed component and configured to permit
transmission of a light beam between the laser and an optical input situated outside the
hermetically sealed component.
2. The apparatus of Claim 1, wherein the optical mput is an input coupled to an

optical modulator for performing signal processing on the light beam received from the laser.

3. The apparatus of Claim 2, wherein the optical modulator further comprises at
least one optical output for conwmunication with an optical communications network,

4. The apparatus of Claim 3, further comprising an optical connector for receiving
an optical signal from the optical cutput and accessing the optical communications network.

5. The apparatus of Claim 1, further comprising an optical isolator located outside
the hermetically sealed component.

6. The apparatus of Claim 1, further comprising an optical input situated outside the
hermetically sealed component.

7. The apparatus of Claim 1, wherein the thermo-clectrical cooler 1s vertically
oriented within the hermetically sealed component relative to the apparatus to allow for height
tolerance adjustments of the laser by adjusting the position of the laser on the thermo-electrical

cooler.
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8. The apparatus of Claim 1, wherein multiple lasers on a sub-moont are positioned
on the thermo-electrical cooler.

9. The apparatus of Claim 8, wherein a spacer 18 positioned underneath the sub-
mount and adiacent to the thermo-clectrical cooler to facilitate heat dissipation gencrated from
the laser.

10.  The apparatus of Claim 1, wherein a portion of the hermetically sealed compounent
compriscs a standard connector header for providing a readily accessible electrical input for the
laser.

11, The apparatus of Claim 1, wherein the thermo-electrical cooler 1 horizontally
oriented relative to the apparatus within the hormetically sealed component; and

wherein height adjustments betweoen the laser and the optical input are made by varying
at least one of the bottom Hid of the hermetically sealed component or the depth of the optical
modulator.

12.  The apparatus of Claim 1, wherein a spacer is configured to account for height
adjustments necessary to permit transmission of a hight beam between the laser and an optical
Toput.

13. A system comprising:

an optical platform configored to accept an optical modulator and a hermetically sealed
sub-assembly; and

a window forming part of the bermetically sealed sub-assembly for conunumicating a
light beam between a laser within the hermetically scaled sub-assembly and the optical

modulator.
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14, The system of Claim 13, wherein a thermo-clectrical cooler s vertically oriented
within the hermetically sealed sub-assembly to allow for height tolerance adjustments of the
taser by adjusting the position of the laser on the thermo-electrical cooler.

15, A method comprising:

receiving at a hermetically sealed optical sub-assembly an electrical input;

firing a first laser on a sub-mount within the hermetically sealed optical sub-
asscrubly corresponding to the clectrical nput;

receiving outside the hermetically sealed optical sub-assembly the cutput of the
first laser on 4 sub-mount at an optical modulator; and

sending an optical signal gencrated from the ouiput of the first laser on a sub-
mount to an optical communications network through an optical connector.

16.  The method of Claim 15, further comprising cooling the first laser on a sub-mount
using a thormo-electrical cooler that is vertically situated relative to the optical modulator.

17.  The method of Claim 13, further comprising cooling the first laser on a sub-mount
using a thermo-electrical cooler that is horizontally situated relative to the optical moedulator.

18, The method of Claim 15, further comprising configuring an sclator outside the
sealed optical sub-asserbly to isolate input from the first laser on a sub-mount.

19, The method of Claim 15, further comprising placing a second laser on a sub-
mount opposing the first laser on a sub-mount configured to allow space for wire bonding with a
tool and such that the signals of the lasers are aligned with a controlled pitch distance.

20, The method of Claim 15, wherein a lens divects light from the first laser on a sub-

mount 1o the optical modulator.
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2. A method of manufactiwing an optical commumication device, comprising:

positioning a fivst sub-mount configared to accommeodate an optical laser on a carrier
wafer substantially adjacent to a first pre-defined break lne in the carrier wafer; and

positioning a second sub-mount configured to accommodate an optical modulator on the
carrier wafer substantially adjacent to a second pre-defined break line in the carrier wafer.

22.  The method of Claim 21, further comprising:

securing the first sub-mount to a thermo-clectrical cooler;

securing the second sub-mount to an optical device platform;

removing a portion of the carrier wafer between the first and second sub-mounts;

removing the optical device platform to creale tooling access to the first sub-mount.

23.  The method of Claim 22, further comprising hermetically sealing the first sub-
mount in a sub-assembly, wherein a window i the sub-assembly is aligned with the ocutput of
the optical laser.

24, The method of Claim 22, forther comprising the step of using a ceramic filled
epoxy to atiach the first sub-mount in order to decrease the risk of elecirical shortage between the
sub-mound and the thermo-clectrical cooler.

25.  The method of Claim 22, wherein the optical modulaior is configured to output
optical signals through an optical connector fixably attached to the optical device platform.

26.  The method of Claim 21, further comprising aligning the first and second sub-
mounts using a jaw tool.

27.  The method of Claim 21, forther comprising aligning the first and second sub-

mounts using an inverted pyramid alignment feature.
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28, The method of Claim 22, farther comprising the step of adding an optical flat and
tilting it in an opposite way as the random tilt of the window to beneficially recover coupling
loss due 1o beam walk.

29. The method of Claim 23, wherein the first sub-mount is hermetically scaled by
welding the sub-assembly to 4 standard connection header.

30.  The method of Claim 23, further comprising:

placing the optical device platform substantially adjacent to the sub-assembly such that
the first and sccond seb-mounts are re-aligned; and

fixably connecting the optical device platform to the sub-assembly.

31, The method of Claim 30, wherein the sub-assembly is welded to the optical
device platform.

32.  The method of Claim 21, wherein the fivst sub-mount is configured to
accormnmodate four lasers,

33, The method of Claim 21, wherein the first sub-mount is further configured to
accommmodate an isolator.

34. A method of manutacturing an apparatus for optical comuwmication, comprising:

preparing a first pre-defined break line in a sub-mount approximate to a portion of the
sub-mount configured to accommaodate an optical laser;

preparing a second pre-defined break hine in the sub-mount approximate to a portion of
the sub-moeunt configured o acconumoedate an optical moedulator.

35, The method of Claim 34, further comprising:

placing an optical laser and wiring on the sub-mount;

attaching the sub-mount perpendicular to a thermo-clectrical cooler and paralie] with an

optical device platform; and
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removing the portion of the sub-mount between the first and second break hues.

36, The method of Claim 33, further comprising the step of using a cevamic filled
cpoxy to attach the portion of the sub-mount configured to accommodate an optical laser
perpendicular (o a thermo-clectrical cooler in order to decrease the risk of electrical shortage
between the sub-mount and the thermo-electrical cooler.

y an
7
I

3 The method of Claim 35, further comprising the step of using a ceramic filled
epoxy to attach the portion of the sub-mount configured to accommaodate an optical laser to the
thermo-electrical cooler in order to decrease the risk of clectrical shortage at the sub-mount.

38. A method of manufacturing an optical commumication device, comprising:

positioning a first sub-mount configured to accommodate an optical laser on 3 carricr
wafer substantially adjacent to a first pre-defined break line in the carrvier water;

positioning a second sub-mount configured 1o accommodate an optical modulator on the
carricr wafer substantially adjacent to a second pre-defined break line in the carrier water;

securing the first sub-mount to a thermo-clectrical cooler;

securing the second sub-mowunt to an optical device platform; and

removing a portion of the carrier wafer between the first and second sub-mounts.

39, The method of Claim 38, further comprising:

sealing the first sub-mount in a hermetic enclosure; and

providing a conmector in conmmmunication with the second sub-mount in order to use the
optical commumication device in an optical network.

40.  The method of Claim 39, forther comprising:

ensuring proper coupling of laser beams sent from the first sub-mount to the

second sub-mount; and
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adding an optical flat in order to recover coupling loss between the first sub-mount and the

second sub-mount.
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