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COAXIAL TRANSMITTER OPTICAL SUBASSEMBLY (TOSA) WITH CUBOID

TYPE TO LASER PACKAGE AND OPTICAL TRANSCEIVER INCLUDING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation-in-part of U.S. Patent Application Serial

No. 13/760,533 filed February 6, 2013, which is fully incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to laser packages and more particularly, to a coaxial

transmitter optical subassembly (TOSA) with a cuboid type TO laser package for use in an

optical transceiver.

BACKGROUND INFORMATION

[0003] Optical transceivers are used to transmit and receive optical signals for various

applications including, without limitation, internet data center, cable TV broadband, and fiber

to the home (FTTH) applications. Optical transceivers provide higher speeds and bandwidth

over longer distances, for example, as compared to transmission over copper cables. The

desire to provide higher speeds in smaller optical transceiver modules for a lower cost has

presented challenges, for example, with respect to thermal management, insertion loss, and

manufacturing yield.

[0001] Optical transceiver modules generally include one or more laser diode packages

for housing a laser diode and for providing electrical connections and optical couplings to

the laser diode. One challenge with optical transceiver modules is providing thermal

management, especially with new optical transceiver modules that are designed to provide

higher data rates within a relatively small form factor. In particular, the heat generated by

the laser diode and associated components in the laser package may adversely affect the

laser wavelengths or potentially even damage the laser and/or other components.

Conventional TO can laser packages do not provide good heat conduction because the

rounded surfaces of the TO can package do not provide sufficient contact for thermal

coupling with other surfaces.



BRIEF DESCRIPTION OF THE DRAWINGS

[0002] These and other features and advantages will be better understood by reading the

following detailed description, taken together with the drawings wherein:

[0003] FIGS. 1A and IB are functional block diagrams of multiple channel optical

transceivers, consistent with embodiments of the present disclosure.

[0004] FIG. 2 is a perspective view of an embodiment of an optical transceiver module

including coaxial TOSAs with cuboid-type TO laser packages.

[0005] FIGS. 3A and 3B are top and bottom perspective views, respectively, of another

embodiment of an optical transceiver module including coaxial TOSAs with cuboid-type TO

laser packages.

[0006] FIG. 4 is a perspective view of an embodiment of the coaxial TOSA for use in the

optical transceiver modules shown in FIGS. 2, 3A, and 3B.

[0007] FIG. 5 is a perspective view of an embodiment of the cuboid type TO laser package

used in the mini coaxial TOSA shown in FIG. 4.

[0008] FIG. 6 is a perspective view of another embodiment of a coaxial TOSA with a

cuboid type TO laser package for use in an optical transceiver module.

[0009] FIG. 7 is a perspective view of another embodiment of the cuboid type TO laser

package used in the mini coaxial TOSA shown in FIG. 6.

DETAILED DESCRIPTION

[0010] A coaxial transmitter optical subassembly (TOSA) including a cuboid type TO

laser package, consistent with embodiments of the present disclosure, may be used in an

optical transceiver for transmitting an optical signal at a channel wavelength. The cuboid

type TO laser package is made of a thermally conductive material and has substantially flat

outer surfaces that may be thermally coupled to substantially flat outer surfaces on a

transceiver housing and/or on other cuboid type TO laser packages. An optical transceiver

may include multiple coaxial TOSAs with the cuboid type TO laser packages stacked in the

transceiver housing. The cuboid type TO laser package may thus provide improved thermal

characteristics and a reduced size within the optical transceiver.

[0011] As used herein, "cuboid type TO package" refers to a laser package structure

having a generally cuboid or parallelepiped outer shape formed by at least three substantially

flat and orthogonal outer surfaces. For clarification, the term "TO" or "transistor outline" is



derived from a reference to the traditional cylindrical package or "can" that historically

encased a transistor, but as used herein, is otherwise unrelated to such transistor package. As

used herein, "channel wavelengths" refer to the wavelengths associated with optical channels

and may include a specified wavelength band around a center wavelength. In one example,

the channel wavelengths may be defined by an International Telecommunication (ITU)

standard such as the ITU-T dense wavelength division multiplexing (DWDM) grid. The term

"coupled" as used herein refers to any connection, coupling, link or the like and "optically

coupled" refers to coupling such that light from one element is imparted to another element.

Such "coupled" devices are not necessarily directly connected to one another and may be

separated by intermediate components or devices that may manipulate or modify such

signals.

[0012] As used herein, "thermally coupled" refers to a direct or indirect connection or

contact between two components resulting in heat being conducted from one component to

the other component and "thermally isolated" refers to an arrangement where heat is

prevented from being conducted to the isolated component from an external environment. In

a thermally isolated multi-channel TOSA, for example, heat external to the TOSA is

prevented from being conducted to one or more components in the TOSA. As used herein,

"thermally shielded" refers to an arrangement that prevents heat from being transferred by

convection or radiation to the shielded component. Thermally isolated and thermally

shielded do not necessarily require an arrangement to prevent all heat from being conducted

or transferred.

[0013] Referring to FIG. 1A, an optical transceiver 100, consistent with embodiments of

the present disclosure, is shown and described. In this embodiment, the optical transceiver

100 transmits and receives four (4) channels using four different channel wavelengths (λι, λ2,

λ3, λ4) and may be capable of transmission rates of at least about 10 Gbps per channel. In one

example, the channel wavelengths λι, λ2, λ3, λ4 may be 1270 nm, 1290 nm, 1080 nm, and

1330 nm, respectively. The optical transceiver 100 may also be capable of transmission

distances of 2 km to at least about 10 km. The optical transceiver 100 may be used, for

example, in internet data center applications or fiber to the home (FTTH) applications.

[0014] This embodiment of the optical transceiver 100 includes multiple transmitter optical

subassemblies (TOSAs) 120a-d for transmitting optical signals on different channel

wavelengths and a multi-channel receiver optical subassembly (ROSA) 130 for receiving



optical signals on different channel wavelengths. The TOSAs 120a-d and the multi-channel

ROSA 130 are located in a transceiver housing 102. A transmit connecting circuit 104 and a

receive connecting circuit 108 provide electrical connections to the TOSAs 120a-d and the

multi-channel ROSA 130, respectively, within the housing 102. The transmit connecting

circuit 104 is electrically connected to the electronic components (e.g., the laser, monitor

photodiode, etc.) in each of the TOSAs 120a-d and the receive connecting circuit 108 is

electrically connected to the electronic components (e.g., the photodiodes, the TIA, etc.) in

the multi-channel ROSA 130. The transmit connecting circuit 104 and the receive

connecting circuit 108 include at least conductive paths to provide electrical connections and

may also include additional circuitry.

[0015] A multi-fiber push on (MPO) connector 110 provides optical connections to the

TOSAs 120a-d and the multi-channel ROSA 130 within the housing 102. The MPO

connector 110 is optically coupled to the TOSAs 120a-d and the multi-channel ROSA 130

via transmit optical fibers 122 and receive optical fibers 132, respectively. The MPO

connector 110 is configured to be coupled to a mating MPO connector 112 such that the

optical fibers 122, 132 in the optical transceiver 100 are optically coupled to external optical

fibers 114.

[0016] Each of the TOSAs 120a-d may be a coaxial TOSA with a coaxial configuration

electrically connected at one end to conductive paths on the transmit connecting circuit 104

and optically coupled at the other end to a respective one of the optical fibers 122. Each of

the TOSAs 120a-d may include a laser for generating laser light at the assigned channel

wavelength and optics for coupling the laser light into the respective optical fiber 122. The

lasers in the TOSAs 120a-d thus convert electrical data signals (TX_D1 to TX_D4) received

via the transmit connecting circuit 104 into modulated optical signals transmitted over

transmit optical fibers 122. The lasers may include, for example, distributed feedback (DFB)

lasers with diffraction gratings. Each of the TOSAs 120a-d may also include a monitor

photodiode for monitoring the light emitted by the lasers. Each of the TOSAs 120a-d may

further include one or more temperature control devices, such as a resistive heater and/or a

thermoelectric cooler (TEC), for controlling a temperature of the lasers, for example, to

control or stabilize the laser wavelengths.

[0017] The multi-channel ROSA 130 includes a photodetector array 134 including, for

example, photodiodes optically coupled to a fiber array 133 formed by the ends of the receive



optical fibers 132. The multi-channel ROSA 130 also includes a multi-channel

transimpedance amplifier 136 electrically connected to the photodetector array 134. The

photodetector array 134 and the transimpedance amplifier 136 detect and convert optical

signals received from the fiber array 133 into electrical data signals (RX_D1 to RX_D4) that

are output via the receive connecting circuit 108.

[0018] This embodiment of the optical transceiver 100 does not include an optical

multiplexer or demultiplexer. The optical signals may be multiplexed and demultiplexed

external to the optical transceiver 100.

[0019] Referring to FIG. IB, another embodiment of an optical transceiver 100' includes

the same light engine (e.g., TOSAs 120a-d and ROSA 130) described above together with an

optical multiplexer 111 and an optical demultiplexer 113. The optical multiplexer 111 and

the optical demultiplexer 113 both may include arrayed waveguide gratings (AWGs). The

optical multiplexer 111 is optically coupled to the transmit optical fibers 122 and the optical

demultiplexer 113 is optically coupled to the receive optical fibers 132. The optical

multiplexer 111 multiplexes the optical signals being transmitted over transmit optical fibers

122 to provide a multiplexed optical signal on an output optical fiber 115. The optical

demultiplexer 113 demultiplexes a multiplexed optical signal received on an input optical

fiber 117 to provide received optical signals on receive optical fibers 132. The output optical

fiber 115 and the input optical fiber 117 are coupled to an output optical connector 116 and

an input optical connector 118, respectively.

[0020] This embodiment of the optical transceiver 100' includes 4 channels and may be

configured for coarse wavelength division multiplexing (CWDM), although other numbers of

channels are possible. This embodiment of the optical transceiver 100' may also be capable

of transmission rates of at least about 10 Gbps per channel and transmission distances of 2

km to at least about 10 km and may be used in internet data center applications or fiber to the

home (FTTH) applications.

[0021] Referring to FIG. 2, an embodiment of an optical transceiver module 200 with an

MPO connector 210 is described and shown in greater detail. The optical transceiver module

200 may be designed to have a relatively small form factor with minimal space. The optical

transceiver module 200 includes a transceiver housing 202, four coaxial TOSAs 220 stacked

together in one region of the housing 202, and a multi-channel ROSA 230 located in another

region of the housing 202. The coaxial TOSAs 220 are electrically connected to transmit



flexible printed circuits (FPCs) 204 at one end of the housing 202 and optically coupled to the

MPO connector 210 at the other end of the housing 202 via transmit optical fibers 222. The

multi-channel ROSA 230 is electrically connected to a receive flexible printed circuit (FPC)

208 at one end of the housing 202 and optically coupled to the MPO connector 210 at the

other end of the housing 202 via receive optical fibers 232.

[0022] Each of the coaxial TOSAs 220 includes a cuboid type TO laser package 250 that

contains a laser submount 226, a diode laser 227 on the submount 226, and a lens 223. The

laser submount 226 electrically connects the diode laser 227 to the respective transmit FPC

204, for example, using wire bonding. The lens 223 optically couples the laser 227 to the

respective transmit optical fiber 222. The cuboid type TO laser package 250 has a generally

cuboid or parallelepiped outer shape to provide heat dissipation and/or thermal shielding, as

will be described in greater detail below. Each of the coaxial TOSAs 220 has a coaxial

configuration such that electrical connections are made from one end of the TOSA 220 and

an optical coupling is made from the other end of the TOSA 220.

[0023] The multi-channel ROSA 230 includes a fiber array 233 optically coupled to a

photodetector array 234 and a transimpedance amplifier (TIA) 236 electrically connected to

the photodetector array 234. The end faces of the optical fibers 232 in the fiber array 233

may be angled (e.g., at 45°) such that the light is reflected from the angled face to couple with

the respective photodiodes in the photodetector array 234. The TIA 236 is electrically

connected to the receive FPC 208, for example, using wire bonding.

[0024] Referring to FIGS. 3A and 3B, another embodiment of an optical transceiver

module 200' including an optical multiplexer and an optical demultiplexer is shown in

greater detail. The optical transceiver module 200' includes the coaxial TOSAs 220, the

multi-channel ROSA 230, and the FPCs 204, 208, as described above. This embodiment of

the optical transceiver module 200' further includes an AWG housing portion 202a that

contains a multiplexing AWG 211 and a demultiplexing AWG 213. The AWG housing

portion 202a may be coupled to and/or extend from the transceiver housing 202. The

multiplexing AWG 211 is optically coupled to the coaxial TOSAs 220 via transmit optical

fibers 222 and the demultiplexing AWG 213 is optically coupled to the ROSA 230 via the

receive optical fibers 232. The multiplexing AWG 211 and the demultiplexing AWG 213 are

optically coupled to output optical connector 216 and input optical connector 218,

respectively, via output optical fiber 215 and input optical fiber 217, respectively.



[0025] These embodiments of the optical transceiver module 200, 200' both include

coaxial TOSAs 220 with cuboid type TO packages, as will be described in greater detail

below. The coaxial TOSA 220 with the cuboid type TO package may also be used in other

types of optical transceivers such as the multi-channel transceiver used in an optical line

terminal (OLT), as described in greater detail in U.S. Patent Application Publication No.

2014/0161459, which is fully incorporated herein by reference. The coaxial TOSA 220 with

the cuboid type TO package may also be used in an optical transmitter without a ROSA.

[0026] As shown in greater detail in FIGS. 4 and 5, each coaxial TOSA 220 includes a

cuboid type TO laser package 250 that contains the laser submount 226, the diode laser 227,

and the lens 223 and/or other optics. The cuboid type TO laser package 250 includes an

electrical connecting end 252 opposite an optical coupling end 254. The laser submount 226

is mounted proximate the electrical connecting end 252 such that electrical leads or wires (not

shown) may be electrically connected to conductive paths 229 on the submount and extend

from the electrical connecting end 252. An optical coupling receptacle 221 extends from the

optical coupling end 254 for optically coupling the laser 227 to an optical fiber 222. The

conductive paths 229 (and electrical leads), the laser 227, the lens 223, the optical coupling

receptacle 221 and the optical fiber 222 are generally aligned or positioned coaxially along a

longitudinal axis 2, thereby providing the coaxial configuration of the coaxial TOSA 220.

[0027] A monitor photodiode 228 may also be mounted on the submount 226, for

example, to monitor light emitted from the diode laser 227. In other embodiments, one or

more temperature control devices may be provided within or on the cuboid type TO laser

package 250. The temperature control devices may include a heater, such as a resistive

heater, located adjacent the diode laser 227 to provide independent control of the temperature

of the diode laser 227 and thus the wavelength of the emitted laser light. The cuboid type TO

laser package 250 facilitates this independent temperature control of each laser 227 by

preventing heat from outside of the package 250 from affecting the laser 227. Additionally or

alternatively, the temperature control device may include a micro thermoelectric cooler

(TEC) within the cuboid type TO laser package 250 to provide the individual and

independent temperature control of the laser 227. A TEC may also be used outside of the

cuboid type TO laser package 250 by thermally coupling to an outside surface of the cuboid

type TO laser package 250.



[0028] The cuboid type TO laser package 250 includes at least one substantially flat outer

surface substantially orthogonal to the electrical connecting end 252 and the optical coupling

end 254 for contacting another substantially flat surface to facilitate heat transfer. In the

illustrated embodiment, top, bottom, and side surfaces 256a-d are substantially flat, which

allows multiple cuboid type TO laser packages 250 to be stacked in a transceiver housing, for

example, as shown in FIGS. 2, 3A, and 3B. In this embodiment, the bottom surface 256b

provides the greatest surface area for heat transfer.

[0029] In the illustrated embodiment, the cuboid type TO laser package 250 includes first

and second side walls 251 extending from a base 253 to define a compartment 255 (see FIG.

5). The laser submount 226 is located in the compartment 255 between the side walls 251.

Thus, the laser diode 227 is thermally shielded by the side walls 251. This embodiment of

the cuboid type TO laser package 250 further includes an end wall 257 extending from the

base 253 at the optical coupling end 254. The end wall 257 defines an aperture 258 that

allows laser light to pass through for coupling into the optical fiber 222. Optics, such as an

optical isolator, may also be located within the aperture 258.

[0030] The cuboid type TO laser package 250 may be formed as one piece or as multiple

pieces attached together (e.g., the walls 251, 257 attached to the base 253). Although the

illustrated embodiment shows the cuboid type TO laser package 250 with a particular shape,

other shapes and configurations are also possible. In other embodiments, for example, the

cuboid type TO laser package 250 may be closed at the top (e.g., the side opposite the base

253).

[0031] The cuboid type TO laser package 250 may be made of a thermally conductive

material having a thermal conductivity greater than 60 W/(m- K) and more specifically greater

than 80 W/(m- K) and, for example, about 160 W/(m- K). The cuboid type TO laser package

250 may be made, for example, from copper tungsten and may also be gold plated, for

example, to facilitate soldering. In some embodiments, the cuboid type TO laser package

250 may be made from a nickel-cobalt ferrous alloy such as the type sold under the trademark

KOVAR. Other thermally conductive materials may also be used.

[0032] The flat surfaces of the cuboid type TO laser package 250 advantageously provide

for increased surface area contact between the package 250 and other packages or the

transceiver housing. This increased surface area contact improves thermal transfer or heat

conduction, and thus facilitates heat dissipation even in a smaller package design compared to



traditional cylindrical type TO packages. In a conventional cylindrical type TO can package,

the flat surfaces at the ends of the package cannot effectively be used for thermal transfer

because it would interfere with the electrical connections and optical couplings made at these

ends of the cylindrical type TO can package. The cuboid type TO package 250 provides the

electrical connections and optical couplings at the ends in a coaxial configuration while also

providing flat surfaces for thermal coupling and for stacking in a compact arrangement.

[0033] As shown in FIG. 5, the cuboid type TO laser package 250 may have a relatively

small size. In some embodiments, the long axis of the base 253 may be less than 3.5 mm (in

the illustrated example 3.4 mm). In some embodiments, the long axis of the walls 251 and

the spacing between the outside surfaces of the walls may be less than 2.5 mm (in the

illustrated example 2.1mm). Thus, the cuboid type TO laser package 250 may provide a

header of about 2mm square, which is significantly smaller than a 5.6 mm header of a

conventional cylindrical type TO can package. Although the walls 251 are shown as having

the same size, this is not a limitation of the present disclosure.

[0034] Referring to FIGS. 6 and 7, another embodiment of a cuboid type TO laser

package 250' is shown and described. In this embodiment, the cuboid type TO laser package

250' includes additional side walls 259 proximate the optical coupling end 254, instead of the

end wall 257. The lens 223 is mounted between the additional side walls 259. In this

embodiment, the side walls 251, 259 on each side are separated by a space. In other

embodiments, a cuboid type TO laser package may include a single wall on each side of the

base 253 and extending along at least a portion of the base 253 or along the entire side of the

base 253. In another embodiment, a cuboid type TO laser package may include a single wall

on each side of the base 253 and an end wall with an aperture to allow laser light to pass

through. Various other configurations for the cuboid type TO laser package are within the

scope of the present disclosure.

[0035] Accordingly, a cuboid type TO laser package, consistent with embodiments

described herein, is used in a coaxial TOSA to provide improved thermal characteristics and

reduced size. Multiple cuboid type TO laser packages may be stacked together within a

relatively small space in a multi-channel optical transceiver with improved heat dissipation.

[0036] Consistent with an embodiment, a coaxial transmitter optical subassembly

(TOSA) includes a cuboid type TO laser package including a base and at least first and

second side walls extending from opposite sides of the base defining a compartment. The



cuboid type TO laser package has a plurality of substantially flat outer surfaces, an optical

coupling end, and an electrical connecting end opposite the optical coupling end. The cuboid

type TO laser package is made of a thermally conductive material. The coaxial TOSA also

includes a laser submount mounted on the base and between the first and second side walls.

The laser submount includes conductive paths proximate the electrical connecting end for

providing electrical connections. The coaxial TOSA further includes a laser diode mounted

on the laser submount and electrically connected to the conductive paths and optics mounted

proximate the optical coupling end for optically coupling the laser to an optical fiber.

[0037] Consistent with another embodiment, an optical transceiver module includes a

transceiver housing, a plurality of coaxial TOSAs located in the transceiver housing for

transmitting optical signals at different channel wavelengths, and a multi-channel receiver

optical subassembly located in the transceiver housing for receiving optical signals at

different channel wavelengths. Each of the coaxial TOSAs includes a cuboid type TO laser

package including a base and at least first and second side walls extending from opposite

sides of the base defining a compartment. The cuboid type TO laser package has a plurality

of substantially flat outer surfaces, an optical coupling end, and an electrical connecting end

opposite the optical coupling end. The cuboid type TO laser package is made of a thermally

conductive material. The coaxial TOSA also includes a laser submount mounted on the base

and between the first and second side walls. The laser submount includes conductive paths

proximate the electrical connecting end for providing electrical connections. The coaxial

TOSA further includes a laser diode mounted on the laser submount and electrically

connected to the conductive paths and optics mounted proximate the optical coupling end for

optically coupling the laser to an optical fiber.

[0038] While the principles of the invention have been described herein, it is to be

understood by those skilled in the art that this description is made only by way of example

and not as a limitation as to the scope of the invention. Other embodiments are contemplated

within the scope of the present invention in addition to the exemplary embodiments shown

and described herein. Modifications and substitutions by one of ordinary skill in the art are

considered to be within the scope of the present invention, which is not to be limited except

by the following claims.



CLAIMS

What is claimed is:

1. A coaxial transmitter optical subassembly (TOSA) comprising:

a cuboid type TO laser package including a base and at least first and second side walls

extending from opposite sides of the base defining a compartment, the cuboid type TO laser

package having a plurality of substantially flat outer surfaces, the cuboid type TO laser package

having an optical coupling end and an electrical connecting end opposite the optical coupling

end, wherein the cuboid type TO laser package is made of a thermally conductive material; and

a laser submount mounted on the base and between the first and second side walls, the

laser submount including conductive paths proximate the electrical connecting end for providing

electrical connections;

a laser diode mounted on the laser submount and electrically connected to the conductive

paths; and

optics mounted proximate the optical coupling end for optically coupling the laser to an

optical fiber.

2 . The coaxial TOSA of claim 1 wherein the cuboid type TO laser package further

includes an end wall extending from the base at the optical coupling end, the end wall including

an aperture configured to allow laser light to pass through, wherein the laser diode and the optics

are aligned with the aperture.

3 . The coaxial TOSA of claim 2 wherein the optics include an isolator located inside

the aperture and a lens aligned with the aperture.

4 . The coaxial TOSA of claim 1 wherein the cuboid type TO laser package further

includes third and fourth side walls extending from opposite sides of the base proximate the

optical coupling end, wherein the optics include a lens located between the third and fourth side

walls.



5 . The coaxial TOSA of claim 1 wherein said thermally conductive material is a

nickel-cobalt ferrous alloy.

6 . The coaxial TOSA of claim 1 wherein said thermally conductive material has a

thermal conductivity greater than 80 W/(m-K).

7 . The coaxial TOSA of claim 1 wherein the optics include a lens.

8. The coaxial TOSA of claim 1 further including a monitor photodiode mounted on

the laser submount.

9 . The coaxial TOSA of claim 1 wherein a long axis of the base is less than 3.5 mm

and a long axis of the first and second side walls is less than 2.5 mm.

10. The coaxial TOSA of claim 1 wherein at least one of the substantially flat outer

surfaces is orthogonal to the electrical connecting end and the optical coupling end.

11. An optical transceiver module comprising:

a transceiver housing;

a plurality of coaxial TOSAs located in the transceiver housing for transmitting optical

signals at different channel wavelengths, each of the plurality of coaxial TOSAs comprising:

a cuboid type TO laser package including a base and at least first and second side

walls extending from opposite sides of the base defining a compartment, the cuboid type

TO laser package having a plurality of substantially flat outer surfaces, the cuboid type

TO laser package having an optical coupling end and an electrical connecting end

opposite the optical coupling end, wherein the cuboid type TO laser package is made of a

thermally conductive material;



a laser submount mounted on the base and between the first and second side

walls, the laser submount including conductive paths proximate the electrical connecting

end for providing electrical connections;

a laser diode mounted on the laser submount and electrically connected to the

conductive paths; and

optics mounted proximate the optical coupling end for optically coupling the laser

to an optical fiber; and

a multi-channel receiver optical subassembly located in the transceiver housing for

receiving optical signals at different channel wavelengths.

12. The optical transceiver of claim 11 further comprising a transmit connecting

circuit electrically connected to the coaxial TOSAs and a receive connecting circuit electrically

connected to the ROSA.

13. The optical transceiver of claim 12 further comprising a multi-fiber push on

(MPO) connector optically coupled to the coaxial TOSAs and the ROSA.

14. The optical transceiver of claim 12 further comprising an optical multiplexer

optically coupled to the coaxial TOSAs for multiplexing the transmitted optical signals into a

transmitted multiplexed optical signal and an optical demultiplexer coupled to the ROSA for

demultiplexing a received multiplexed optical signal into the received optical signals.

15. The optical transceiver of claim 11 wherein the cuboid type TO laser packages are

stacked against each other such that at least one substantially flat surface of each of the cuboid

type TO laser packages is thermally coupled to at least one substantially flat surface of another of

the cuboid type TO laser packages.



16. The optical transceiver of claim 11 wherein at least one of the substantially flat

surfaces of at least one of the cuboid type TO laser packages contacts a substantially flat surface

of the transceiver housing.

17. The optical transceiver of claim 11 wherein the cuboid type TO laser package

further includes an end wall extending from the base at the optical coupling end, the end wall

including an aperture configured to allow laser light to pass through, wherein the laser diode and

the optics are aligned with the aperture.

18. The optical transceiver of claim 17 wherein the optics include an isolator located

inside the aperture and a lens aligned with the aperture.

19. The optical transceiver of claim 11 wherein a long axis of the base is less than 3.5

mm and a long axis of the first and second side walls is less than 2.5 mm.

20. The optical transceiver of claim 11 wherein the plurality of coaxial TOSAs

includes four plurality of coaxial TOSAs configured to transmit at four different channel

wavelengths at transmission rates of at least about 10 Gbps per channel and transmission

distances of 2 km to at least about 10 km.
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