US 20090010600A1

a2y Patent Application Publication o) Pub. No.: US 2009/0010600 A1

a9 United States

Kim et al.

43) Pub. Date: Jan. 8, 2009

(54) OPTICAL COMPONENT AND TRANSCEIVER
PACKAGING

Daehwan Daniel Kim, Sunnyvale,
CA (US); Mark J. Donovan,
Mountain View, CA (US)

(75) Inventors:

Correspondence Address:
Workman Nydegger

1000 Eagle Gate Tower

60 East South Temple

Salt Lake City, UT 84111 (US)

(73) Assignee: FINISAR CORPORATION,

Sunnyvale, CA (US)
(21) Appl. No.: 11/840,315
(22) Filed: Aug. 17,2007
Related U.S. Application Data

(60) Provisional application No. 60/948,395, filed on Jul. 6,
2007.

Publication Classification

(51) Int.CL

GO2B 6/36 (2006.01)
LGS N LR o) R 385/90
(57) ABSTRACT

An optical module and packaging thereof. A high speed opti-
cal module, such as a transceiver or transponder is disclosed.
A fiber assembly including a receptacle, a fiber, and a modi-
fied connector are provided and enable an optical connection
from inside of the optical component to outside of the com-
ponent. Internally, the fiber assembly is detachable from an
internal optical component. the optical component is con-
nected to a PCB using a ball grid array. By detaching the fiber
assembly, the optical component can be changed-out without
damaging the fiber. The fiber is spooled inside the module to
protect the fiber around a spooling assembly that is integrated
with the receptacle holders that form part of the module’s
ports.
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OPTICAL COMPONENT AND TRANSCEIVER
PACKAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/948,395, filed Jul. 6,
2007 and entitled OPTICAL COMPONENT AND TRANS-
CEIVER PACKAGING, which application is incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. The Field of the Invention

[0003] The present invention relates to optical modules
such as optical transceivers and optical transponders. More
specifically, the present invention relates to methods and sys-
tems for packaging a high speed optical component in an
optical transceiver or an optical transponder.

[0004] 2. The Relevant Technology

[0005] Optical modules including optical transceivers and
optical transponders are used in a variety of applications
including telecommunication and network applications.
Optical modules often provide several advantages. For
instance, optical signals are capable of high speeds compared
to wired networks and are less susceptible to electromagnetic
interference. Nonetheless, there is a continuous desire to pro-
duce optical modules that are increasingly smaller without
sacrificing data transfer rates and reliability. In fact, there is
usually an effort to increase the data rates in the same or
smaller sized packages.

[0006] As a general rule, however, the complexity of the
layout and arrangement of module components in an optical
module increases as speed requirements become higher. As a
result, it becomes more difficult to overcome the technologi-
cal hurdles that accompany higher speeds. There are several
areas, for example, where problems associated with higher
speeds become more pronounced and difficult to overcome.
These problems present significant technological difficulties
that can prevent the high speeds from being achieved using
conventional techniques. For instance, the functionality of
high speed modules can be adversely impacted by capaci-
tances, impedance mismatches, inductive connections, trace
lengths, trace layout, solder joints, and the like or any com-
bination thereof The list of issues associated with high speeds
does not end here, however. Electromagnetic interference
(EMI) emissions, size constraints, the number of connec-
tions, and the like are other concerns that need to be consid-
ered when contemplating high speed modules.

[0007] Another problem facing the development and pro-
duction of high speed and/or high density optical modules
relates to the ability to adequately interact with components
of a transceiver or other optical module without damaging
other components of the transceiver or optical module. For
example, conventional modules are often constructed in a
manner that prevents any particular component from being
easily tested, replaced, and/or repaired once the module is
fully assembled. In some instances, attempts to replace a
component in a module often causes damage to other com-
ponents within the module. As a result, it is typically easier to
simply replace the entire module. This can increase costs and
often makes if difficult to identify problems or trends. More
specifically, many of the components included in an optical
module are sensitive and can be damaged rather easily. Fur-
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ther, some types of connections such as bond wires and chip
pins cannot be easily repaired or cannot be replaced without
substantial costs in terms at least of time and money.

[0008] There is a need for a method of arranging the com-
ponents of the transceiver such that the components or sub-
components can be easily tested, replaced, and/or repaired.
There is also a need for modules that can overcome some of
the existing problems that hinder the development of higher
speed optical modules.

[0009] The subject matter claimed herein is not limited to
embodiments that solve any disadvantages or that operate
only in environments such as those described above. Rather,
this background is only provided to illustrate one exemplary
technology area where some embodiments described herein
may be practiced.

BRIEF SUMMARY OF THE INVENTION

[0010] These and other limitations are overcome by
embodiments of the invention which relate to systems and
methods for optical packaging. The architecture provides an
optical packaging system that can be used to generate difter-
ent products using the same architecture. Embodiments ofthe
invention also enable a module to be evaluated, repaired, etc.,
in a manner that can be achieved at the component level.
[0011] In one example, an optical module typically
includes a connection assembly that is mounted to a housing
and/or to a printed circuit board inside a housing. The con-
nection assembly typically includes a receptacle holder that is
integrated with a spooling assembly. The receptacle holder is
usually arranged to interface with an external optical connec-
tion such as an LC or SC connector. Further, the receptacle
holder may be disposed within the housing or may be external
to the housing, or may be arranged such that the entrance to
the receptacles inside the receptacle holder is flush with the
outer surface of the housing. The spooling assembly is typi-
cally disposed within the housing.

[0012] The optical module also includes a fiber assembly.
The fiber assembly includes a fiber that has a receptacle on
one end and a modified connector on the other end. The
receptacle is configured to reside within the receptacle holder
and is further configured to connect with an external fiber via
a suitable connector such as an LC or SC connector. The
modified connector typically has a smaller profile and is
configured to fit within the space available inside the housing.
This is often specified by standards. The modified connector
enables the fiber assembly to connect to modules inside of the
housing.

[0013] The fiber portion of the fiber assembly is typically
spooled around the spooling assembly. This ensures that the
fiber is able to transmit without losing light and also enables
components to be removed more easily. For example, fibers in
conventional modules are permanently attached. As a result,
damage to the fiber often results in the replacement of the
entire component or of the entire module. A fiber assembly as
disclosed herein allows the fiber assembly to be detached,
thereby preventing damage when other components are
evaluated, replaced, etc.

[0014] The optical module may also include an optical
component disposed inside the housing (such as a laser or
photodiode or a ROSA or a TOSA). The optical component
typically has a port that is configured to detachably interface
with the modified connector. The fiber assembly thus pro-
vides the optical connection between the optical component
and an external fiber.
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[0015] The optical module may also house other compo-
nents such as SERDES, controllers, other ICs, etc., that are
used during the reception and transmission of optical signals
and the translation of an optical signal to an electrical signal
and vice versa.

[0016] Embodiments of the module use a ball grid array
(BGA) to connect the various modules to the printed circuit
board. This enables a higher density of connections as well
higher speeds. BGA components may consume less area
inside a module, have less inductance (which enables higher
transmission speeds) and the like.

[0017] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential characteristics of
the claimed subject matter, nor is it intended to be used as an
aid in determining the scope of the claimed subject matter.
Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by the prac-
tice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instruments and combinations particularly pointed out in the
appended claims. These and other features of the present
invention will become more fully apparent from the following
description and appended claims, or may be learned by the
practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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 which 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 inven-
tion will be described and explained with additional specific-
ity and detail through the use of the accompanying drawings
in which:

[0019] FIG.1 illustrates a perspective view of one embodi-
ment of an optical component and its packaging;

[0020] FIG. 2 illustrates a perspective view of one embodi-
ment of a connector assembly included in the optical compo-
nent of FIG. 1;

[0021] FIG. 3 illustrates a side view of one embodiment of
an optical module including the housing and illustrates a fiber
of' the fiber assembly spooled around the spooling assembly,
which spooling assembly is disposed within the housing of
the module in one embodiment;

[0022] FIG. 4 illustrates a cut away view of one embodi-
ment of a modified connector used internally to the optical
module illustrated in FIG. 1, wherein the modified connector
has dimensions such that the modified connector can be
entirely disposed within an optical module of FIG. 1;

[0023] FIG. 5 illustrates an expanded perspective view of a
connector illustrated in FIG. 4;

[0024] FIG. 6 illustrates an expanded perspective view of a
connection assembly included in one embodiment of an opti-
cal module and illustrates a spooling assembly that permits
fiber to be spooled internally to the optical module; and
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[0025] FIG. 7 illustrates an expanded perspective view of a
component such as an optical sub-assembly that may be
included in the optical module of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Embodiments of the invention relate generally to an
optical module. The systems, methods, and architectures
described herein can be used in various optical systems and
solutions including, by way of example only, optical trans-
ceivers and optical transponders. The optical module
described herein includes an architecture and layout that
reduces or eliminates some of the problems found in conven-
tional systems and architectures.

[0027] Advantageously, embodiments of the invention
include an optical module that has replaceable components,
an increased density of connections and or signal density,
component protection, scalability for additional components,
and the like or any combination thereof

[0028] The architecture disclosed herein enables high den-
sity integrated circuit (IC) packaging. For example, ball grid
array (BGA) and fiber pig-tails can be used in transceiver and
transponder applications. In one example, a BGA component
inside of a module is adapted to include a receptacle for
receiving an optical fiber. The receptacle can be connected
with a short fiber length, such as a pig-tail, that provides an
interface to an external optical fiber. Thus, the pig-tail
becomes a patch cord inside of the module. This provides
several advantages including structural advantages.

[0029] For instance, embodiments of the invention include
a fiber jumper or an internal fiber that is detachable or remov-
able from components within the module. The detachability
or removability of the fiber jumper facilitates the change-out
of other components. The use of BGA further simplifies the
change-out of a component inside a module. For example, a
modularized TOSA or ROSA can be disconnected from the
fiber jumper and then replace as a modular component.

[0030] FIG. 1 illustrates an embodiment of an optical mod-
ule. The optical module 100 illustrated in FIG. 1 can be
embodied as an optical transceiver, an optical transponder, as
a modular replacement component for another optical mod-
ule and the like. Thus, the optical module 100 may be an
optical transceiver, an optical transponder, an optical receiver
and/or optical transmitter and the like. The module 100 is
preferably configured for use in high speed optical commu-
nications, including by way of example only, 40 G, 50 G, 100
G transmission speeds. Embodiments of the invention, how-
ever, may be used in conjunction with other transmission
speeds, both higher and lower.

[0031] The module 100 includes a printed circuit board
(PCB) 126, which is typically enclosed in a housing. The
housing is typically configured to comply with a standard
(e.g., SFP, SFP+, XFP, MAUI, GBIC etc.). FIG. 1 also illus-
trate the modules prior to being connected to the PCB 126.
Thus, each module illustrates examples of a ball grid array
(BGA) type connection that is described in more detail below.
However, during fabrication, these modules are turned over
such that the balls of solder align with corresponding pads on
the PCB. The solder is then flowed to connect the modules to
the PCB 126. In this manner, the components are connected
mechanically and electrically with the PCB. Additional mate-
rial may be added to insure a stronger mechanical connection
in some instances.
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[0032] In this example, the PCB 126 includes an electrical
interface 128 that is configured to removably connect with a
host device. The module 100 may therefore be pluggable,
including hot-pluggable, in a host device. When the module
100 is configured as an optical transceiver, for example, it can
both receive and transmit data. The transmission of data by
the module 100 therefore begins with electrical data that is
converted to optical form. For example, the module 100
receives electrical input from a host or other device over the
interface 128. The electrical input is processed and ultimately
transmitted as optical data over the transmit port.

[0033] Similarly, the reception of data begins with optical
data that is converted to electrical form. The module 100
receives optical input via the port 120, processes the optical
input and then provides a host with the electrical equivalent at
the interface 128.

[0034] The receiver portion of the module 100 includes the
receptacle 120 (or port), the fiber 124, the modified connector
112, the component 104 (or other optical module), and seri-
alizer/deserializer (SERDES)110. The SERDES 110, and the
component 104 (or the ROSA 104 in this example) are
mounted to the PCB 126 using, in one embodiment, a ball grid
array (BGA). The BGA enables high density mounting of
integrated circuits and other components on a PCB. The
ROSA 104, and SERDES 110 are electrically connected to
each other and with a host device via the PCB 126. The use of
a BGA conserves space on the PCB and enables the imped-
ances, EMI emissions, and the like to be better controlled
because the transmission of high speed electrical signals are
confined within modules and or to the traces on the PCB 126.
Further, the BGA configuration allows more connections to
be placed on the PCB 126 or within the module 100. As a
result, the additional complexity associated with higher
speeds can be better handled by the increased connections. A
BGA configuration can allow hundreds of connections on the
PCB 126, in contrast to convention connections.

[0035] The ROSA 104 receives optical input over the fiber
124 which includes a receptacle 120 on one end and a modi-
fied connector 112 on the other side. The modified connector
112 connects with the ROSA 104 while the receptacle 120
interfaces with another connector that is external to the mod-
ule 100. In one example, the receptacle 120 is configured as
an LC or as an SC receptacle that can detachably connect with
an LC or SC connector. One of skill in the art can appreciate
that other form factors may be used for the receptacle 120.
[0036] In this example, the ROSA 104 can be completely
contained inside of the housing of the module 100. The opti-
cal connection with an external fiber is achieved using a fiber
jumper assembly or fiber pig-tail. The fiber assembly may
include the receptacle 120, a fiber 124, and a modified con-
nector 112 or any combination thereof This arrangement of a
fiber assembly provides several advantages. For instance,
EMI emissions can be better contained because both the
housing of the ROSA 104 (or of the TOSA 102) can be
designed to contain EMI in addition to the containment pro-
vided by the housing of the module 100.

[0037] Further, the fiber assembly can be detached from the
ROSA 104 via the connector 112. By disconnecting the con-
nector 112 from the ROSA 104, the ball grid array (BGA)
connecting the ROSA 104 to the PCB 126 allows the ROSA
104 to be changed-out without damaging the fiber assembly.
More particularly, by heating the BGA after disconnecting
the fiber assembly, the ROSA 104 can be removed as an
individual component of the module 100. The ROSA 104 can
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then be tested, replaced, repaired, etc., separately from the
module 100. The BGA enables the same ROSA 104 or a new
ROSA 104 to be reattached to the PCB 126. After the ROSA
is reattached (for example by heating the BGA such that the
solder flows), the connector 112 is again connected with the
ROSA 104. Further, because the fiber 124 can be discon-
nected from the ROSA 104, the fiber is less likely to be
damaged by the heat required to disconnect the module 104
and is less likely to be damaged.

[0038] In conventional modules, the fibers are typically
directly attached to the OSA. As a result, the ability to change
out an OSA such as the ROSA or TOSA may result in damage
to the fiber.

[0039] The ability to detach the fiber assembly allows the
ROSA or TOSA assembly to the changed out, tested,
repaired, and the like without the same risk to the fiber assem-
bly. Further, embodiments of the invention enable the module
100 to adapt from one type of external connection to another
by changing out a fiber assembly and/or a spool assembly.
Thus, the same module could be changed from L.C to SC, for
example.

[0040] An additional benefit achieved by this flexibility is
that different product families can be generated using a simi-
lar PCB layout. By selecting the appropriate parts, different
products can be manufactured in a cost effective manner. For
example, modules with an L.C interface can be generated as
well as modules with an SC interface. In this case, a different
fiber assembly or a different fiber pigtail is selected. The
architecture described herein enables a particular transceiver
or transponder to be adapted in terms of form factor, makes
components replaceable, repairable, etc., and streamlines
manufacturing processes.

[0041] Another advantage of this configuration relates to
the cost of the module. If the fiber is damaged during opera-
tion, repair, component replacement, etc., it is only necessary
to replace the fiber assembly. In contrast, in cases where the
fiber assembly is not detachable from the ROSA 104, it may
be necessary to replace the entire ROSA when only the fiber
is damaged. Alternatively, various modules can also be
replaced in a cost effective manner as described herein.

[0042] The transmitter side of the module 100 is similarly
configured. The TOSA 102 (or other component) can be
connected to an external fiber via the fiber assembly that
includes the receptacle 118, the fiber 122, and the modified
connector 114. The connector 114 is also detachable from the
TOSA 102, which enables the TOSA 102 to be removed,
replaced, evaluated, similarly to how the ROSA is removed,
replaced, evaluated, etc. In operation, an electrical signal is
received over the interface 128 by the SERDES 108. The
SERDES 108 provides an output electrical signal to the
TOSA driver 106. The TOSA 102 is driven by the TOSA
driver 106 to produce a modulated optical signal that is trans-
mitted via the fiber 122 and out the receptacle 118. The
receptacle 118 is typically configured to detachably interface
with, by way of example only, an L.C or RC connector.

[0043] Themodule100 may include a connection assembly
130, which may include a spool assembly 116. The spool
assembly 116 may be an integrated part of the connection
assembly 130 or be a connectable part of the connection
assembly 130. In this example, the fiber 122 and the fiber 124
are wrapped around the spool assembly 116 in various man-
ners. For instance, the fibers 122 and 124 may wrap around
the spool assembly 116 less than one revolution, one revolu-
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tion, or more than one revolution. In addition, one ofthe fibers
122 and 124 may spool more than the other fiber.

[0044] The spool assembly 116 may include a ridge 132
that provides a guide for wrapping the fibers. The ridge 132
may be formed to prevent the fibers from slipping off of the
spool assembly 116. In addition, the ridge 132 may have a
diameter that is related to a bend radius of the fibers 122 and
124. In one embodiment, the fibers 122 and 124 have a high
bend radius on the order of a 7.5 mm bend radius. Other fibers
with a smaller or larger bend radius may also be used. How-
ever, the bend radius selected is typically selected such that
light does not escape from the fiber when wrapped around the
spool assembly 116. Using fibers that can be more tightly
spooled on the spool assembly 116 ensures that the spool
assembly 116 consumes less of the space that may be avail-
able in any given module 100. The spool assembly 116 may
further have a dividing ridge that ensures that the spooled
fibers 122 and 124 do not overlap. This dividing ridge may be
formed to keep one fiber on a top portion of the spool assem-
bly 116 and the other fiber on a bottom portion of the spool
assembly 116. Alternatively, the two fibers 122 and 124 may
overlap in any manner.

[0045] The connection assembly 130 also includes recep-
tacle holders 134. The receptacle holders 134 are typically
sized and shaped to receive an optical connector such as an
LC or SC connector. The receptacles 118 and 120 can then
align with fibers when connected with a corresponding con-
nector. One advantage of the fiber assembly is that compo-
nents such as the ROSA 104 and the TOSA 102 can be easily
connected with test equipment via the receptacles 118 and
120. For example, the TOSA 102 can be tested prior in a test
module prior to the fabrication of the module.

[0046] Often, the connection assembly 130 is integrated to
reduce components. Thus, the receptacle holders 134 and the
spool assembly 116 are a single piece that can be mounted to
the housing of the module 100 and/or to the PCB 126.

[0047] In one embodiment a low cost Tx/Rx such as a
transceiver can be produced. One embodiment of a low cost
transceiver would include the various components described
herein illustrated within the line 136.

[0048] FIG. 2 illustrates a perspective view of the connec-
tionassembly 130. In this case, the housing 140 of the module
is configured to receive the connection assembly 130. The
connection assembly 130 can be secured to the housing 130 or
to another component of the module 100, such as the PCB
126. As illustrated, the spool assembly 116 is inside of the
module while the receptacles 118 and 120 are positioned
within the receptacle holders 134 to receive external optical
connectors. The spool assembly 116 may be secured to the
module via screws 204 (or other suitable connectors). In one
example, the screws 204 secure the connection assembly 130
to the housing 140 of'the module 100. The screws 204 can fix
the position of the receptacles 118 and 120 such that repeated
insertions of optical components do not damage the fibers 122
and 124. The connection assembly 130 may also be con-
nected a press fit or other means. The connection assembly
130 may alternatively be connected to a top cover of the
housing. By connecting the connection assembly 130 to the
top portion of the housing, it may be possible to free addi-
tional space on the PCB for components such as integrated
circuits and the like on the space that would otherwise be
occupied by the spool assembly. More specifically, the spool
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assembly 16 can be formed to have a thickness that is less that
the available space inside the module and yet be sufficient to
allow the fibers to be spooled.

[0049] FIG. 2 further illustrates that the receptacle holders
134 is integrated with the spooling assembly 116 in one
embodiment. The spooling assembly 116 provides fiber man-
agement within the module 100. For instance, the spooling
assembly 116 provides a place for the fiber to be placed and
ensure that the fiber connection from inside the module 100 to
an external fiber is properly maintained. For example, without
the spool assembly, it may be possible for the fiber to bend
past the bend radius, resulting in lost light and poor perfor-
mance. The spooled fiber on the spooling assembly 116 also
provides the play in the fiber that may be necessary to detach
the fiber assembly from the ROSA or TOSA.

[0050] By integrating the receptacle holders 134 with the
spooling assembly 116, an attachment point for the optics
(such as external optical fibers) is provided, a securing point
from the fiber is provided, and an attachment point for the
PCB s also provided. One or more of these points is typically
used. For instance, the fiber assembly is often fragile. An
integrated connector assembly secures the receptacle or the
portto the PCB orto the housing. The fiber is thus secured and
the stress of external forces on the fiber is substantially
reduced. Further, the spooling assembly provides routing for
the fiber, providing additional fiber management inside of the
module.

[0051] FIG. 2 further illustrates another aspect of the inven-
tion in that additional optical components can be connected in
series or in other fashions. The component 210, for example,
can be secured in line between the component 104 and the
receptacle 120. The component 210 can be an optical isolator,
a polarizer or other passive component. The component 210
could also be an active component in some instances, such as
an external modulator and the like.

[0052] In one example, the fiber assembly has the optical
component 210 integrated. This enables a user to swap one
fiber assembly that does not have the component 210 with a
fiber assembly that includes the component 210. If the com-
ponent 210 is connected with the PCB 126 via a BGA, then
the fiber may also connect using modified connectors 214.
This enables the components 210 to be swapped out with less
likelihood of damaging the connected fibers. Also, additional
fiber spooling may be provided using the existing spooling
assembly in order to provide fiber management. Additional
spooling is not required, however. Spooling in fact is not
required. Rather, the fiber can be managed in another manner.
In one example, the fiber assemblies can directly connect to
the various modules without being spooled. Thus, the spool-
ing assembly can be omitted.

[0053] FIG. 3 presents a side view of one embodiment of
the module 100. FIG. 3 illustrates that the fibers 122 and 124
are wrapped around the spool assembly and then connected
internal to the housing 140 via the modified connector 114 to
an optical component, such as the ROSA 104 for example.
FIG. 3 also illustrates the BGA connection between the com-
ponents of the module 100 and the printed circuit board 126.
A BGA connection, such as the connection 302, often
includes small solder balls that are flowed using heat. As they
co00l, a connection is formed between the traces on the high
speed PCB 126 and the component. As previously indicated,
the components can be removed by reflowing the solder and
extracting the component. This process can be repeated as
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necessary. Thus, individual components can be removed and
replaced without interfering with other components of the
module 100.

[0054] A BGA component enables may more connections
(higher density) compared to other types of connectors. In a
BGA component, solder balls are typically placed on a com-
ponent (such as the components illustrated in FIGS. 1-3). The
PCB typically has pads that are arranged to match up with the
solder balls. During attachment, heat is applied to cause the
solder balls to flow. As a result, an electrical and mechanical
connection is established between the component and the
PCB.

[0055] This type of BGA connection has several aspects
that facilitate high speed connections. For example, the BGA
arrangement such as illustrated at 302 in a side view, provides
high connection density. As signal density increases in con-
ventional pi9n grids or surface mount pin packages, the dis-
tance between pins caused difficulties during the soldering
process. A BGA connection, in contrast, has the proper
amount of solder applied prior to reflow. As a result, the
connections between the component and the PCB are easier
to achieve. Further, BGAs can achieve lower thermal resis-
tance, which allows heat to more easily flow and dissipate,
thereby reducing the likelihood of an IC overheating. Also,
BGA connections tend to be short. This lowers the associated
inductance, which is problematic at higher speeds. Thus, the
high speed performance of the module can improve using
BGA connections.

[0056] Advantageously, the ability to provide a high den-
sity of connections with reduced inductance facilitates the
introduction of higher speeds in an optical module such as a
transceiver or a transponder. Further, mounting a component
using a solder ball array or by flip chip bonding can reduce the
space requirements compared to conventional pin bonding
methods. Reducing the height of the module by using a BGA,
for example and reducing the surface area required (pins
extending out from module no required) for a particular com-
ponent can allow, for example, the inclusion of additional
components or modules.

[0057] FIGS. 4 and 5 illustrate one embodiment of a modi-
fied connector 114. The connector 114 is modified in one
sense, by way of example only, that it is typically smaller that
a conventional LC or SC connector because it is inside of a
module 114. Typically, the size of a conventional LC or SC
connector preclude their use inside of optical modules. The
size is reduced in order to accommodate the limited space
inside the modules. For example, some optical modules have
size constraints that are specified by various standards. As a
result, the size of the connector 114 is altered to conform with
these constraints.

[0058] In this example, the connector 114 includes a
jumper assembly 418 and a connector shell 420. The jumper
assembly 418 typically includes a ferrule 426 that is con-
nected on one end of the fiber 404. A spring 402 (or other
retention structure) is also included in the jumper assembly
418 to retain the connector 114 in position once connected.
The ferrule 426 is typically secured to the fiber 404 and does
not move relative to the fiber 404. Thus, the spring 402 can
hold the connector 114 in the proper position.

[0059] The component 102 has a port 422 sized and con-
figured to receive the fiber stub 428. When properly inserted,
the fiber stub 428 is positioned adjacent the fiber 406 such that
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light couples into the fiber 404 from the fiber 406, or vice
versa—depending on whether the module 102 is receiving or
transmitting light.

[0060] The connector shell 420 of the connector 114
includes a clip 416 and the shell 420 is disposed around the
fiber 404. When the connector 114 is inserted into the port
422, the clip 416 engages with an indentation 424 formed in
the component 102. When the clip 406 engages with the
indentation 424, the spring 402 is at least partially com-
pressed and pushes against the connector shell 420 and
against the component 102. In this manner, the connector 114
is securely held in an inserted position in the port 422. The
connector 114 can be easily removed by simply lifting the clip
406 such that the clip is no longer engaged with the indenta-
tion 424. The connector 114 can then be removed by sliding
the fiber out.

[0061] As previously described, once the fiber 404 is
removed, the component 102 can be removed and replaced
from the module as previously described. In other words, the
component 102 can be changed-out if desired without dam-
aging the fiber assembly.

[0062] FIG. 6 illustrates an exploded perspective view of a
connector assembly 130 that is used to form the ports of the
module. The connector assembly 130 includes a receptacle
holder 610. The receptacle holder 610 is typically capable of
receiving two connectors such as the SC connector 614 or
other type of connector. Additionally, the receptacle holder
610 can be adapted to accommodate multiple connectors.
Two connectors are typically accommodated because an opti-
cal module 100 may be an optical transceiver that includes
both atransmitter and a receiver. The connector assembly 130
can be expanded to include more receptacle holders. The
scalability of ports enabled by embodiments of the invention
enable multiple transmitters and/or receivers to be inserted in
any given module. In this case, one or more spool assemblies
may be included to accommodate the number of anticipated
ports and associated fiber assemblies.

[0063] The connector assembly 130 includes a connector
clip 606. The clip 606 is positioned inside of the receptacle
holder 610 and receives a receptacle 608. The receptacle 608
is designed for a particular type of connector. FIG. 6 illus-
trates an SC receptacle and an SC connector. The clip 606
holds the receptacle 608 in place relative to the housing of the
module 100 such that the connector 614 can be repeatedly
inserted/removed as needed. If necessary, the clip 606 may
also provide some movement such that the receptacle 608 can
self align with any connector that is being inserted.

[0064] The fiber 622 that is integrated with the receptacle
608 and a connector 114 as previously described is spooled
around the spool assembly 116. One or more retention clips
602 can be used to hold the spooled fiber in place and prevent
the spooled fiber from unwinding or unspooling unintention-
ally. The ridge 618 of the spool assembly 618 may include
clip receptacles 612 that are configured to receive the reten-
tion clips 602 in a manner that secures the spooled fiber.
[0065] Once the fiber(s) have been spooled on the spool
assembly 116 and secured with the retention clips 602, a
cover 604 can be attached. The cover 604 may not cover the
spool assembly 116, but may only cover the receptacles 610
and may connect with the receptacle holder 610. When
assembled into a module such as the module 100, the spool
assembly 116 remains inside the module and only the recep-
tacles 608 remain accessible to external connectors 614. A
connector such as a screw may be used to secure the cover 604
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to the connection assembly and to the housing and/or to the
PCB. The spool assembly may also be connected with the
housing or the PCB as previously described.

[0066] The ridge 618 may have a diameter 620 that is
configured to insure that the bend radius of the fiber 622 is
maintained. In other words, the diameter of the ridge 618
ensures that the fiber 622 does not bend to the point that light
is lost or poorly couples. Fiber with a 7.5 mm bend radius, for
example, may be used to help minimize the space occupied by
the spool assembly 116. Often, the spool assembly 116 is
located behind the receptacle holders as illustrated herein.
Advantageously, if the fiber is damaged, embodiments of the
invention enable the fiber to be replaced without having to
replace any other components. The diameter 620 can be made
smaller to accommodate fiber with an appropriate bend
radius. In other words, if the fiber is available, smaller assem-
blies can be made without sacrificing performance.

[0067] FIG.7 illustrates an expanded perspective view of a
connector and a component such as an optical sub-assembly.
In this example, the component 700 includes an optical
assembly such as an optical transmitter (e.g., a laser diode) or
an optical receiver (e.g., a photodiode). The component 700
includes a lid 706 that can be fitted with the component 700
and sealed if necessary, by welding, by pressure fit, and the
like. The interior 714 is configured to accommodate an opti-
cal assembly as well as necessary connections to the BGA
from the optical assembly.

[0068] The lid 706 and the component 700 can be formed
also to reduce or to contain EMI emissions as well. The lid
706, for example, can be made of metal. The interior can also
be formed of or plated with an EMI reducing, absorbing,
and/or containing material. Other components can be simi-
larly configured. As a result, EMI can be contained at the
component level in addition to the EMI containment provided
by the housing and or the cage within which the module is
typically inserted.

[0069] Thus, this example of the component 700 also
includes a BGA layout 718 (the connection is typically hid-
den but is illustrated in this example for ease of understand-
ing) that can be connected with a corresponding layout on a
high speed PCB board as previously described. In other
words, the BGA is typically bonded to the PCB 708. The
component 700 also includes a port 702 that provides an
optical path between the inside the component to the outside
of'the component. Thus, an opening is formed in a wall of the
housing of the component, and the port 702 is fixed therein. In
this example, a split sleeve 712 and a fiber stub 712 are
included as part of the port 702.

[0070] The connector 114 can detachably connect with the
port 702. The ferrule 716 fits inside one end of the port 702
such that optical signals can be transmitted therethrough. The
spring 718 and the shell 704 operate as previously described
to hold the connector 114 in place during operation.

[0071] The interior 714 can accommodate various compo-
nents. The interior 714 may include a laser diode, a photo-
diode or other component. Further any component disposed
in the interior 714 may be connected to the BGA in any
appropriate manner. This may include bond wires, another
BGA arrangement, and the like or any combination thereof
Thus, embodiments of the invention contemplate a hierarchi-
cal BGA arrangement in some instances. The number of
connections for a given component can vary. For example, a
laser may required four or five connections—thus the size of
the BGA can be substantially reduced. Of course, the BGA
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allows high density connections. Thus, embodiments of the
invention also enable more connections to be provided to the
laser or photodiode or other optical component. Advanta-
geously, this may allow substantially more control function-
ality to be implemented on optical signals. Optical waveform
shaping, signal emphasis, rise time, fall time, threshold cur-
rent, current modulation, eye control, various monitoring
controls, and the like are examples of controls or signals that
may be present. One of skill in the art can appreciate that other
signals or different combinations may be implemented in
various embodiments. Alternatively, the BGA for a controller
may be substantially greater owing to the number of control
lines and data connections.

[0072] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scope ofthe invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

1. A method of packaging a high density optical module,
the optical module having at least one of a receiving optical
assembly and a transmitting optical assembly, the method
comprising:

connecting a first detachable fiber assembly to an optical

component disposed in the module such that the connec-
tion between the fiber assembly and the optical compo-
nent is disposed inside a housing of the optical module,
the fiber assembly including a receptacle, a fiber, and a
modified connector, and the optical component compris-
ing one of a TOSA, a ROSA, a laser, a photodiode, an
optical isolator, or a polarizer;

spooling the fiber included in the detachable fiber assembly

around a spooling assembly;

securing the receptacle in a receptacle holder such that the

receptacle is able to connect with an external fiber con-
nector; and

heating the optical component such that a ball grid array

connection flows such that the optical component can be
removed without damaging the fiber assembly.

2. The method according to claim 1, wherein the spooling
assembly and the receptacle holder are integrated as a con-
nection assembly.

3. The method according to claim 1 wherein the optical
module includes an integrated circuit, the integrated circuit
having a ball grid array for connection with a high speed
printed circuit board.

4. The method according to claim 2 wherein the connection
assembly is detachable from the housing.

5. The method according to claim 1, further comprising
replacing the optical component by detaching the fiber
assembly from the component and changing-out the optical
component.

6. (canceled)

7. The method according to claim 1 wherein the receptacle
is an SC or LC receptacle.

8. The method according to claim 1 wherein the fiber has a
bend radius of 7.5 mm or less.

9. A module comprising:

a connection assembly mounted to a housing, the connec-

tion assembly including at least one receptacle holder
integrated with a spooling assembly;
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at least one fiber assembly, each fiber assembly comprising
a receptacle on a first end of a fiber and a modified
connector on a second end of the fiber; and

an optical component disposed inside the housing, the
optical component having a port that detachably con-
nects with the modified connector such that the connec-
tion is inside the housing, the optical component com-
prising one ofa TOSA, aROSA, alaser, a photodiode, an
optical isolator, or a polarizer, and the optical component
including a cover that provides access to additional com-
ponents disposed within the optical component.

10. The module of claim 9, wherein the modified connector

comprises:

a ferrule that detachably connects with the port and aligns
the fiber with a corresponding fiber of the optical com-
ponent;

a shell with a clip, wherein the clip engages with an inden-
tation formed in a cover of the optical component; and

a spring that provides force such that the clip retains the
modified connector in a connected mode with the optical
component.

11. The module of claim 9, wherein at least a portion of the

fiber is spooled around the spooling assembly.

12. The module of claim 11, wherein one or more retention
clips hold the spooled portion of the fiber in place to prevent
unwinding.

13. The module of claim 11, wherein the spooling assem-
bly further comprises a ridge, wherein the ridge provides a
spooling path and ensures that the bend radius is controlled to
a particular radius.

14. The module of claim 11, further comprising a second
fiber assembly, wherein a fiber of the second fiber assembly is
also spooled around the spool assembly and wherein the bend
radius of the fiber of the second fiber assembly is 7.5 mm or
less.
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15. The module of claim 14, wherein the fiber assembly
further comprises a passive or active optical component that is
integrated with the fiber between the connector and the recep-
tacle of the fiber assembly.

16. The module of claim 9, further comprising a high speed
printed circuit board, wherein the connection assembly is
secured to at least one of the housing and the printed circuit
board, wherein the at least one receptacle holder is disposed at
least partially outside the housing and wherein the spooling
assembly is disposed inside the housing.

17. The module of claim 16, wherein the optical compo-
nent further comprises a ball grid array connection to the
printed circuit board.

18. The module of claim 17, wherein the ball grid array
connection enables the optical component to be changed-out
using heat after detaching the fiber assembly such that the
fiber assembly is not damaged by the heat.

19. A module comprising:

a connection assembly mounted to a housing, the connec-
tion assembly including at least one receptacle holder
integrated with a spooling assembly;

first and second fiber assemblies, each fiber assembly com-
prising a receptacle on a first end of a fiber and a modi-
fied connector on a second end of the fiber; and

an optical component disposed inside the housing, the
optical component having a port that detachably con-
nects with the modified connector such that the connec-
tion is inside the housing, wherein the optical compo-
nent comprises a ROSA and a TOSA and wherein the
first fiber assembly comprises a fiber assembly for the
ROSA and a second fiber assembly comprises a fiber
assembly for the TOSA.

20. The module of claim 9, wherein the additional compo-

nents include at least one of a laser diode and a photodiode.
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