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MODULAR OPTICAL DEVICE THAT
INTERFACES WITH AN EXTERNAL CONTROLLER

BACKGROUND OF THE INVENTION

1. THE FIELD OF THE INVENTION
The invention generally relates to fiber-optic networking components. More

specifically, the invention relates to fiber-optic components that allow for optical

networking hardware to be implemented on computer systems.

2. DESCRIPTION OF THE RELATED ART

Computer processing power and speed continues to advance at an amazing
rate. However, the continued growth of power and speed 1s not unexpected. In 1965,
Gordon Moore predicted that the number of transistors, and hence the processing
power and speed of computer chips, would double every couple of years. This
predicts an exponential growth in processing power and speed. This prediction has
been feferred to as Moore's Law. Moore's law has generally held true.

In a modern computer, the microprocessor has several support components.
For example, the microprocessor is connected to memory where the memory 1s used
to store data, computer instructions and the like. For processing power and speed
increases to be useful in a microprocessor, the speed of supporting components should
scale with the processing power and speed of the microprocessor. For example, if
memory connected to the processor is too slow, the processor must remain idle while
fetching instructions or data from the memory. Thus, the mcreased processing power
and speed of the processor 1s wasted.

Computer microprocessors and much of the supporting circuitry 1s based on
silicon chip technology. At present, microprocessors and the supporting circuitry
have generally scaled fairly well together. Best estimates also suggest that silicon
based computers still have 10 to 15 years of processing power and speed increases 1f
following Moore's Law.

One especially useful implementation of modern computers involves the

interconnection of computers for transferring and sharing data between the computers.
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A small or moderate number of computers may be grouped together in a given
location. This type of network is known as a local area network (LAN). LANs may be
connected to other LANs to form a wide area network (WAN). An example of this type of
configuration is shown in Figure 1 which illustrates a topology 100 with a number of
interconnected computer clients on LANs and WANSs. Exemplary LANs include home
networks, local office network and the like. Exemplary WANSs include interconnected otfice

LANSs and the ubiquitous Internet.

Referring now to Figure 1, a first LAN 102 includes a number of clients 104
interconnected by router 106 (also referred to herein as a"hub 106"). The LAN 102 1n Figure
1 uses copper wire based Ethernet, such as the protocol specified in IEEE 802.3. The LAN
102 is connected to a second LAN 108. The LANs 102 and 108 are connected in the example
shown in Figure 1 by routers 110 that are designed to send and receive large amounts of data.
The routers 110 may be for example Huge Fast Routers (HFRs) and the like. In the example
shown in Figure 1, the routers 110 are interconnected using fiber-optic communications as

shown by the fiber-optic links 112.

The second LAN 108 includes a number of clients 114. The chients 114 may be
similar to the clients 104 in the first LAN 102. The second LAN 108 also includes a storage
area network (SAN) 118 and a network of servers 116. The SAN 118 and network of servers
116 provide centralized locations for data that may be used by clients 104,114 on the first
LAN 102 and second LAN 108. Accessing data on the network of servers 116 and SAN 118
should ideally be transparent to users at the client computers 104 and 114. In other words, a
user at a given client in the topology 100 should not experience any noticeable ditference
when accessing data on either any other client in the topology, the network of servers 116, or

the SAN 114 as compared to when accessing data stored on the given client itself.

Referring now to the first LAN 102 for ease of explanation, the clhients 104, as

mentioned above, are interconnected through a hub 106 using an Ethernet protocol. A

common Ethernet protocol is 100 BT that runs at 100 megabits per second (Mb/s).

Alternatively, the clients 104 may be interconnected using a wireless protocol such as 802. 1

lg which runs at around 56 Mb/s
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Currently, there also exist systems that operate at 1000 Mb/s. These systems
are called Gigabit Ethernet systems. Ethernet systems that use copper wire are
quickly approaching their useful limit. As the data rate mcreases, the useful distance
that data may be transmitted across the copper wire decreases. Alternatively, the
cables used for interconnectihg computers become expensive or difficult to install.
Likewise, wireless Ethernet alternatives are limited by frequency. Various regulatory
organizations such as the FCC limit the frequency range m which wireless signals
may be transmitted. Limited frequency range translates directly mto limited
bandwidth. Consequently, Ethernet applications based on copper wire or wireless
implementations have limited data rates.

Some experts have suggested that Gigabit Ethernet 1s as fast as copper wire
systems will operate efficiently. Wireless systems are also quickly approaching their
limits as far as bandwidth is concerned. Thus, while silicon chip technology still has
ample amounts of growth potential, it is anticipated that the conventional network
systems that commonly interconnect silicon chip systems have reached (or are quickly
reaching) their maximum potential.

As mentioned previously, modern computer systems use network mformation.
In fact, much of the data used by a computer system is typically stored away from the
computer system on a network device. As noted above, it 1s desirable that fetching of
network information from the network be transparent to a computer user. However, 1f
network speeds are significantly lower than computer system speeds, fetching the data
will not be transparent. Thus, faster networks are needed to scale with computer
processing speed as computer processing speed Increases.

As shown in Figure 1, LANs may be interconnected using fiber-optics such as
the fiber-optic links 112 between the routers 110. Fiber-optic networks can operate at
much higher data rates than copper wire or wireless networks. However, while the
fiber-optic networks can transmit data between LANSs at high speeds, a bottleneck still
remains because of the copper wire or wireless based connections at the LANSs
themselves. Further, the routers interconnecting various LANs (as well as the routers
at the LANs themselves) implement a function where the router collects an entire
subset of data before transmitting it to a target network or computer system. This 1s

commonly referred to as store and forward. This results in a bottleneck where all of
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the data for a packet or other subset of data is collected before forwarding to the next
point (such as a router) in a network. Thus, the more conventional routers (whether
copper wire or fiber based) that are used in a network, the more delay is caused by the
cumulative effect of the store and forward operations.

Fiber-optic LLANs, where each computer has a fiber-optic connection for

connecting to the LAN, help to eliminate some of the problems described above. To
connect to a fiber-optic LAN, each computer has a transceiver. The transceiver
includes a laser for generating an optical signal. The laser is connected in the
transcerver to a laser driver. The laser driver is further connected to other control
circuitry 1n the transceiver. The transceiver receives a digital signal. The digital
signal is processed by the control circuitry to improve the quality of the signal such as
by removing noise and jitter. The laser driver converts the processed signal to an
analog driving signal for modulating the laser output with the digital signal.
The transceiver also 1cludes a photodiode that is included in circuitry for receiving
optical signals and converting them to digital signals. The photodiode is connected to
a transtmpedance amplifier to boost the strength of the electrical signal produced
when photons from the optical network signal strike the photodiode. Following the
transimpedance amplifier 1s a post amplifier. The post amplifier further amplifies and
teeds the signal from the transimpedance amplifier to other circuitry that is included
to process and convert the electrical signal to a digital signal for use by a computer on
which the transceiver is installed.

Transceivers are more expensive to manufacture than traditional 802.3 copper
wire mterfaces and thus have not widely been implemented on computers within a
LAN. Thus copper or wireless LANs continue to be those most used. Because
copper and wireless based communications will soon be the bottleneck in LAN
connected computer system, 1t would be useful to provide methods and apparatus to

lessen the cost of implementing fiber-optic communications on computer systems.

BRIEF SUMMARY OF THE INVENTION

One exemplary embodiment of the invention is embodied as an optical
module. The optical module is connectable in a computer system and provides a laser

source for transmitting optical signals. The optical module includes a laser for
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generating optical signals for transmission on an optical network. The laser is
connected to an analog interface. The analog interface 1s arranged such that it can
receive electrical signals from a driving source that 1s external to the optical module.
The driving source drives the laser to produce the optical signal for transmission on
the optical network. The optical module further includes a memory module. The
memory module includes a digital representation of operating characteristics of the
laser. A digital interface 1s connected to the memory module. The digital interface is
arranged to allow an external digital device to retrieve digital representation of the
operating characteristics.

Another optical module constructed in accordance with principles of the
present invention includes a photosensitive device. The photosensitive device 1s
arranged to receive optical signals from a fiber-optic network. The photosensitive
device 1s connected to a transimpedance amplifier. The transimpedance amplifier 1s
connected to an analog imterface to deliver electrical signals produced by the
transimpedance amplifier to a controller external to the optical module. The optical
module further includes a memory module that includes a digital representation of
operating characteristics of the photosensitive device. A digital interface 1s connected
to the memory module to allow an external controller to access the digital
representation of the operating characteristics.

Another optical module constructed in accordance with principles of the
present invention includes a laser and a photodiode. The laser i1s connected to an
analog interface accessible external to the optical module. This allows an external
controller to modulate the laser with data for transmission on an optical network. The
photodiode 1s connected to a transimpedance amplifier. The transimpedance
amplifier 1s further connected to an analog interface accessible external to the optical
module. This allows analog signals caused by the reception of optical data to be
transmitted to an external controller for use by a network client. The optical module
includes a memory module. The memory module includes digital representations of
operating characteristics of the laser and photodiode. The memory module 1s
connected to a digital interface accessible by an external controller. This allows the
external controller to appropriately modulate the specific laser and appropriately

interpret signals from the transimpedance amplifier.
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Advantageously, embodiments of the present invention may be installed in
computer equipment such that they can be randomly matched with a controller. By
storing operating characteristics in a memory, the controller can retrieve the operating
characteristics and adjust itself appropriately to allow for proper operation of the
optical modules. This allows for economical and efficient manufacturing of optical
network hardware in computer devices.

These and other advantages and 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 SEVERAL VIEWS OF THE DRAWINGS

In order that the manner in which the above-recited and other advantages and
features of the invention are obtained, a more particular description of the invention
briefly described above will be rendered by reference to specific embodiments thereof
which are illustrated in the appended drawings. Understanding that these drawings
depict only typical embodiments and are not therefore to be considered limiting of its
scope, the invention will be described and explained with additional specificity and
detail through the use of the accompanying drawings in which:

Figure 1 illustrates an exemplary topology where clients are interconnected
through local area networks and wide area networks;

Figure 2 illustrates a local area network where various components are
interconnected with fiber-optic interconnection;

Figure 3 illustrates an exemplary network client with fiber-optic networking
capabilities;

Figure 4A illustrates an optical module including laser and photosensitive
device;

Figure 4B illustrates an optical module including a laser;

Figure 4C illustrates an optical module including a photosensitive device; and

Figure 5 illustrates exemplary operating curves for a laser diode.
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 2, an exemplary topology where embodiments of the present
invention may be practiced is shown. Figure 2 illustrates a topology 200 that in the exarﬂple
shown is a LAN. The LAN includes a fiber-optic router 207. In the topology 200, the fiber-
optic router 207 interconnects a network client 204 to network storage (such as a SAN) 206
and a bank of servers 208. The network client 204 includes a fiber-optic interface for
connecting to the fiber-optic router 207 using fiber- optic connect'ions 210. The network
storage 206 and bank of servers 208 are also connected to the fiber-optic router 207 via other
fiber-optic connections 210. The bandwidth limitations of copper wire based Ethernet and

wireless Ethernet connections are obviated by using fiber-optic interconnections.

Commohly available fiber-optic connections and standards currently allow for various
different data rates. One standard 1s Fast Ethernet. Fast Ethernet operates at 100 Mb/s.
Another standard 1s Gigabit Ethernet. Gigabit Ethernet operates at 1000 Mb/s. Yet another
standard is 10 Gigabit Ethernet. 10 Gigabit Ethernet operates at 10,000 Mb/s. Fast Ethemet
and Gigabit Ethernet are commonly used when clients on a network communicate with each
other or when clients communicate with servers. Yet another standard 1s SONET. Currently,

SONET specifies a number of different data rates including 51.84 Mb/s, 155.52 Mb/s, 622.08

Mb/s, 2. 488 gigabits per second, 9.953 gigabits per second, and 39.813 gigabits per second.

Yet another standard is Fibre Channel. Fibre Channel typically operates at speed of at least
100 Mb/s. SONET and Fibre Channel are presently used to communicate with storage such

as network storage 206 on a network.

Another optical standard is Infiniband. Infiniband generally operates at 2500 Mb/s.
Infintband 1s often used for clustering. Clustering involves the use of several computer
systems in a distributed computing environment. Thus, computing tasks are divided up

among the computer systems in the cluster.

Additionally, fiber-optic networks have ample room for scaling to higher frequencies
as needed. Such scaling may be accomplished for example by increasing transmission speeds.
Alternatively, scaling may be accomplished by using multiplexing schemes where multiple
wavelengths of light are transmitted on a network. Each wavelength of light provides a

stream of data. To scale up the
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network bandwidth, one or more additional wavelengths are transmitted onto the
network.

Referring now Figure 3, one embodiment of the network client 204 is
illustrated. Notably, while the network client 204 1s shown as a general purpose
computer, other devices may implement the functionality of the network client
including but not limited to personal digital assistants (PDAs), storage devices,
servers, hubs, routers, switches, and the like. A typical network client such as
network client 204 includes a motherboard 302 where various components are
mounted. Geneially., a network client includes a central processing unit 304. The
central processing unit 304 1s attached to cache memory 306. The cache memory 306
may include instructions that are executed by the central processing unit 304. The
cache memory 306 may also include data generated by processes on the central
processing unit 304, or data used in processes by the central processing unit 304. The
central processing unit 304 and cache memory 306 are attached to a memory
management unit 308. The memory management unit 308 controls how data 1tems
stored 1n various memory components 1 the network client 204 are accessed by the
central proce ssing unit 304. Further the memory management untt 308 helps to
coordinate how and where data items are stored 1n the various memory components in
the network chent 204. Mamm memory 310 is also coupled to the memory
management unit 308. The main memory 310, while not as fast as the cache memory
306, 1s useful for storing programs or sets of mstructions being performed by the
central processing unit 304, data items generated by processes in the CPU 304, data
items needed for processes being performed by the central processing unit 304, and
the like.

The memory management unit 308 1s further connected to a Transmission
Control Protocol/Internet Protocol (TCP/IP) offloading engine (TOE) 312. TCP/IP is
the protocol used by most modern networks including the Internet. The TOE 312
provides support for communications that use the TCP/IP protocol stack. The TOE
312 relieves the central processing unit 304 from having to manage detailed
computations and memory moves associated with handling TCP/IP traffic. The TOE

312 1s often implemented as a microprocessor or as a field programmable gate array

(FPGA). Additionally, the TOE 312 1s often fabricated on a silicon wafer chip. There
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is often unused space on the silicon wafer chips 1n a conventional TOE 312. Thus, in
one embodiment optical controllers are formed as a part of the TOE 312. In other
embodiments, the optical controller may be formed on other chips with unused space.
Alternatively a chip dedicated to optical controller and other network controller may
be implemented on the network client 204.

In one embodiment, several different controllers are implemented on the TOE
312 to support various types of copper wire and optical communications. In the
example shown 1n Figure 3, an Ethernet controller 314 1s connected to an RJ45 jack
316. A Fibre Channel controller 318 1s connected to an optical module 320. A 10
gigabit Ethernet controller 322 1s connected to a laser module 324, which is a
specialized optical module including a laser, and a photosensitive module 326 which
1s a specialized optical module including a photosensitive device. A SONET
controller 328 1s connected to an optical module 330.

The fiber-optic controllers 318, 322, 328, each have analog connections 332
and digital connections 334 to the optical modules or lasers and photosensitive
modules as appropriate. The analog connections 332 allow analog driving signals to
be delivered to, or analog signals to be received from photo modules, lasers, and
photosensitive modules as appropriate. Notably, while some of the signals sent to the
optical modules, laser modules and photosensitive modules are referred to herein as
analog signals, those of skill in the art will understand that these signals are
representative of digital signals, and may take the form of square waves typically
associated with digital signals. Analog signals to lasers are at a level to cause the
laser to output a particular level of optical power. Analog signals received from
photosensitive devices such as the photosensitive module correspond to a particular
optical power level received by the photosensitive device from an optical signal.

The controllers 318, 322, 328 are shown as implementing a particular protocol
or standard (1.e. Fibre Channel 318, 10 Gigabit Ethernet 322, and SONET 328).
However, other embodiments of the present invention also contemplate controllers
that are able to be used universally. Controllers that are able to be used universally
are able to comply with the appropriate standard or protocol depending on the type of
optical module, laser module and/or photosensitive module connected to the

controller. Alternatively, a controller can recognize the protocol of data received on
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an optical network such that the controller is caused to conform to the particular standard. In
this way, the controllers can be arranged to support those connections that a network client

needs while optimizing the number of controllers for each use.

The controllers are connected to optical modules 320 and 330, laser modules 324,
and/or photosensitive modules 326. The connection may be implemented, in one example, by
traces on a printed circuit board. The optical modules 320, laser modules 324, and/or
photosensitive modules 326 may be mounted to the printed circuit board by soldering or any
other approprnate technique. Alternatively, a receptacle may be attached to the printed circuit
board such that the optical modules 320 and 330, laser modules 324, and/or photosensitive

modules 326 can be installed 1n the receptacle as pluggable modules.

In the example shown, the optical modules 320 and 330, laser module 324, and
photosensitive module 326 each include a memory 336. The memory 336 stores various
operating parameters of components within the optical modules 320 and 330, laser module
324, and photosensitive module 326. The digital connections 334 allow for operating
parameters stored in the memory 336 on the photo modules, lasers and photosensitive
modules to be delivered to the controllers 318,322, 328. These operating parameters, in one
embodiment invention, specify the operating characteristics of devices such as laser diodes
and photosensitive devices such as photodiodes. These operating characteristics may be
specific to an individual laser diode or photodiode. Using principles of embodiments of
present invention, calibration data may be gathered when a photo module, laser,
photosensitive module and the like are fabricated. This will be discussed in more detail below

in conjunction with the description of subsequent figures.

Figures 4A, 4B and 4C 1llustrate various embodiments that include optical modules,
laser modules and photosensitive modules constructed in accordance with various principles
of the present invention. Figure 4A illustrates an optical module 320. The optical module 320
includes a laser diode 402. The laser diode 402 is configured to transmit optical signals
through an optical port 404 onto an optical network using optical connections such as
connections 210 shown in Figure 2. The laser diode 402 is connected to an analog interface

that includes analog interface pins 406. The analog interface pins 406 are accessible to

components and circuitry
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external to the optical module 320. Illustratively and referring again to Figure 3, a
controller such as the Fibre Channel controller 318 is connected through the analog
interface 332 to the analog interface pins 406 (Figure 4) of the optical module 320.
Referring again to Figure 4, the optical module 320 further includes a
5 photodiode 408. The photodiode 408 receives optical signals through an optical port
410. The optical port 410 may be connected to optical connections such as the
connections 210 shown in Figure 2. In the embodiment shown in Figure 4A, the
photodiode 408 is connected to a transimpedance amplifier 412 which converts the
weak current generated in the photodiode 408 to a higher current that is capable of

10  driving various circuits in a fiber-optic controller (such as controllers 318, 322 and
328 in Figure 3) associated with receiving optical signals through a photodiode 408.
The photodiode 408 and transimpedance 412 circuitry is connected to analog interface
pins 408. The analog interface pins 408 are accessible by circuitry external to the
optical module 320.

15 The optical module 320 further includes memory 336. In the example shown,
the memory 336 is an EEPROM. Those of skill in the art however, will recogmze
that other types of memory may be used including but not limited to PROM, flash
memory and the like. The memory 336 stores digital diagnostic mformation
including operating parameters of the laser diode 402 and the photodiode 408. This

20  digital diagnostic information is specific to the individual laser diode 402 and
photodiode 408. The memory 336 may include various parameters such as but not
limited to the following:

Setup functions. These generally relate to the required adjustments made on a part-to-
part basis in the factory to allow for variations in component characteristics such as

25 laser diode threshold current.

Identification. This refers to information identifying the optical module
type, capability, serial number, and compatibility with various standards.
While not standard, additional information, such as sub-component revisions
and factory test data may also be included.

30 Eye safety and general fault detection. These functions are used to

identify abnormal and potentially unsafe operating parameters and to report

these to a host and/or perform laser shutdown, as appropnate.
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Temperature compensation functions. For example, compensating for known

temperature variations in key laser charactenstics such as slope efficiency.

Monitoring functions. Monitoring various parameters related to the optical
module operating characteristics and environment. Examples of parameters that may
be monitored include laser bias current, laser output power, receiver power levels,
supply voltage and temperature. Ideally, these parameters are monitored and reported

to, or made available to, a host device and thus to the user of the optical module.

Power on time. The optical module's control circuitry may keep track of the
total number of hours the optical module has been 1n the power on state, and report or

make this time value available to a host device.

Margining. "Margining"is a mechanism that allows the end user to test the
optical module's performance at a known deviation from 1deal operating conditions,
generally by scaling the control signals used to drive the optical module's active

components.

Other digital signals. A host device may configure the optical module so as to
make 1t compatible with various requirements for the polarity and output types of
digital inputs and outputs. For instance, digital inputs are used for transmitter disable
and rate selection functions while outputs are used to indicate transmitter fault and
loss of signal conditions. The configuration values determine the polarity of one or
more of the binary input and output signals. In some optical modules, these
configuration values can be used to specify the scale of one or more of the digital
input or output values, for instance by specifying a scaling factor to be used in

conjunction with the digital input or output value.

Other digital diagnostic information may also be stored in the memory 336.
Examples of testing optical elements and storing diagnostic information in the memory 336 is
discussed in United States Patent Application Publication No. 2002/0149812, published
October 17, 2002.
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Alternative embodiments may be implemented as a laser module 324 such as in
Figure 4B or a photosensitive module 326 such as in Figure 4C. These embodiments
implement the laser or photodiode functionality respectively of the optical module 320.
Notably, while the photosensitive module 326 is shown implementing a photodiode 411,

other photosensitive components may be used as well.

Referring now to Figure 5 one exemplary operating characteristic of a laser diode
such as laser diode 402 in Figure 4 1s illustrated. Figure S 1s a graph that correlates laser
current running through laser diodes to optical power output by the laser diodes. GGenerally,
the operating characteristics of laser diodes differ from laser diode to laser diode. However,
the operating charactenstics will generally fall within a certain range of operating
characteristics. The graph of Figure 5 illustrates this principle as two ranges of laser current
to optical power curves 502 and 504. The first range 502 illustrates a range of laser current to
optical power for laser diodes when the laser diodes are operated at a first temperature

labeled T1. As temperature increases to a higher temperature T2, the same laser diodes will

‘exhibat different optical characteristics such as the second range 504.

Similar to the graph shown 1n Figure 5, other graphs exist for components such as
photodiodes. The graph for a photodiode may, in one example; graph received optical power
to a current generated in the photodiode as a function of a bias current across the photodiode.
Still other operating characteristics of laser diodes and photodiodes may be generated. These

graphs may include, for example, bias voltages and currents as variables on the graph.

It is often desirable to precisely control the optical output of laser diodes. Likewise, it
is often desirable to correlate the signal received from a photodiode to a specific current
output to other circuitry. Conventionally, laser drivers are matched to laser diodes such that a
digital signal fed into the laser driver will cause a specific optical power to be generated by
the laser diode. Likewise, post amplifiers connected to photodiodes have heretofore been
matched with the photodiode to cause a specific current to be generated when an optical
signal is received by the photodiode. However, embodiments of the present invention
contemplate allowing randomly selected controllers such as the controllers 318,322, 328

shown 1n Figure 3 to be
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matched with randomly selected optical modules, laser modules and photosensitive
modules such as those shown 1 Figure 3.

Thus, some embodiments of the present invention allow for information such
as operating characteristics to be stored 1n memory such as memory 336 shown in
Figures 4A, 4B and 4C, such that the operating characteristics are accessible by a
controller, such as through a digital interface like the digital connections 334 shown in
Figure 3. These digital connections are, in one embodiment, an I°C or MDIO bus. In
this way the controller can adapt driving signals or amplifiers to the specific optical
module, laser module, and/or photosensitive module that the controller i1s connected
to.

Notably, the memory 336 may be updateable by a host device such as the
network client 204. As noted above, the memory may be used in digital diagnostic
functions and thus may need to be updated as operating characteristics or conditions

change. Thus, the host device or an optical controller can update entries in the

“memory 336 as needed.

Some embodiments contemplate methods for generating calibration data or
operating characteristics to be stored m memory 336 (Figure 3) for access by
controller modules 1n adapting to optical modules, laser modules, and/or
photosensitive modules connected to the controller module. While the methods may
describe various steps or acts i a particular order, embodiments do not necessarily
require, unless expressly stated, that the steps or acts be performed in the ordér set
forth heremm. Some embodiments are particularly well suited to performing the steps
or acts 1n any appropriate order or substantially simultaneously.

One such method mncludes testing optical components, such as laser diodes
and photodiodes that are to be installed in or that are already installed in an optical
module. Testing may include operating the optical components at various operating
points to determine characteristics of the optical components. The operating points
may include, in one example, different operating temperatures. The optical
components may be tested at the maximum and minimum expected operating
temperatures. Other operating points may be different bias voltages and currents. :
Those skilled i the art will appreciate that still other operating points may be tested

to generate operating characteristics.
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A digital representation of the operating characteristics is generated. Generating the
digital representation can be accomplished in several different ways while still remaining
within the scope of embodiments of the present invention. For example, in one embodiment,
coefficients may be generated such as those in a Legendre polynomial or other expansion
coefficients that represent an operating characteristic graph such as that shown in Figure 5. In
an alternative example, the digital representation may be end points of a curve. By examining
Figure 5, 1t will be noted that as laser current increases there is a point at which the optical
power 1s substantially linear with respect to further increases in laser current. Thus, to
represent a linear portion of the graph, only two end points need to be digitized.
Alternatively, a single endpoint and a slope may be digitized. Lasers are generally only
operated in the linear portion because that is the portions of the operating range where lasers

laze. Thus, including only the linear portions is often sufficient.

Once the operating characteristics of the optical components have been digitized, the
optical characteristics operating characteristics are stored in memory such as memory 336. As
noted above, this memory may be any type of suitable memory including PROM, EEPROM,
flash memory and the like.

'Referring once again to Figure 3, although not pictured, the optical module 320 and
laser module 324 may include a monitor photodiode to regulate the operation of the laser 402.
The monitor photodiode provides an indication of the amount of optical power being emitted
by a laser diode. A separate feedback interface may be included to connect the monitor
photodiode to a controller such as the controllers 318, 322,328 shown in Figure 3. Using
information from the monitor photodiodes and the memory 336, the controllers 318,322, 328
and regulate control of the laser is the optical module 320 and laser module 324.
Additionally, feedback from the monitor photodiode may be used to generate digital data to
update the memory 336.

The present invention may be embodied in other specific forms without departing
from 1ts spirit or essential characteristics. The described embodiments are to be considered in
all respects only as 1llustrative and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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CLAIMS

What is claimed 1s:

1. An optical module comprising;

a laser;

an analog interface coupled to the laser, the analog interface configured to
receive electrical signals from a driving source external to the optical module for
driving the laser; _

a memory mddule comprising a digital representation of operating
characteristics of the laser; and

a digital interface coupled to the memory module, the digital interface
configured to allow an external digital device to retrieve the digital representation of
operating characteristics of the laser.

2. The optical module of claim 1 wherein the digital representation of
operating characteristics comprises a correlation of current running through the laser
to optical power output by the laser.

3. The optical module of claim 1 wherein the digital representation of
operating characteristics comprises a correlation of current running through the laser
and temperature of the laser to optical power output by the laser.

4. The optical module of claim 1 wherein the digital representation of
operating characteristics comprises expansion coefficients.

. The optical module of claim 4, wherein the expansion coefficients are
a Legendre polynomial.

6. The optical module of claim 1, wherein the digital representation of
operating characteristics comprises end points of a curve.

7. The optical module of claim 1, wherein the digital representation of
operating characteristics comprises an endpoint and slope of a curve.

8. The optical module of claim 1, the memory module further comprising
digital diagnostic parameters including at least one of setup, identification, eye safety,

fault detection, temperature compensation, monitoring, power on time and margining.
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9. The optical module of claim 8, wherein at least a portion of the digital diagnostic

parameters 1s updateable by a host device.

10.  The optical module of claim 1 further comprising: a monitor photodiode optically .
coupled to the laser diode; and a feedback interface coupled to the monitor photodiode and

accessible to a controller external to the optical module.
11.  An optical module comprising:
a photosensitive device adapted to receive optical signals from a fiber-optic network;

a transimpedance amplifier coupled to the photosensitive device, the transimpedance
amplifier configured to produce an analog electrical signal corresponding to the optical

signals;

an analog interface coupled to the transimpedance amplifier configured to deliver the
analog electrical signal to an external controller; a memory module comprising a digital

representation of operating characteristics of the photosensitive device; and

a digital interface coupled to the memory module, the digital interface configured to
allow an external digital device to retrieve the digital representation of operating

characteristics of the photosensitive device.

12.  The optical module of claim 11 wherein the digital representation of operating
characteristics comprises a correlation of current generated in the photosensitive device to

optical power received by the photosensitive device.

13.  The optical module of claim 11 wherein the digital representation of operating
characteristics comprises a correlation of current generated 1n the photosensitive device and

temperature of the photosensitive device to optical power received by the photosensitive

device.

14.  The optical module of claim 11 wherein the digital representation of operating

characteristics comprises expansion coefficients.

15.  The optical module of claim 14, wherein the expansion coetficients are a Legendre

polynomal.

16.  The optical module of claim 11 wherein the digital representation of operating

characteristics comprises end points of a curve.
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17.  The optical module of claim 11, wherein the digital representation of operating

characteristics comprises an endpoint and slope of a curve.

[8.  The optical module of claim 11, the memory module further comprising digital
diagnostic parameters including at least one of setup, identification, eye safety, fault

detection, temperature compensation, monitoring, power on time and margining.

19.  The optical module of claim 18, wherein at least a portion of the digital diagnostic

parameters 1s updateable by a host device.

20.  The optical module of claim 11, wherein the photosensitive device 1s a photodiode.
21.  An optical module comprising:
a laser;

a first analog interface coupled to the laser, the first analog interface configured to
recerve electrical signals from a driving source external to the optical module for driving the

laser;
a photosensitive device adapted to receive optical signals from a fiber-optic network;

a transimpedance amplifier coup]ed to the photosensitive device, the transimpedance.
amplifier configured to produce an analog electrical signal corresponding to the optical

signals;

a second analog interface coupled to the transimpedance amplifier con ﬁ.gured. to
deliver the analog electrical signal to an external controller; a memory module comprising a
digital representation of operating characteristics of the laser and the photosensitive device;
and a digital interface coupled to the memory module, the digital interface configured to

allow an external digital device to retnieve the operating characteristics of the laser and the

photosensitive device.

22.  The optical module of claim 21, wherein the digital representation of operating

characteristics comprises expansion coefficients.

23.  The optical module of claim 21, wherein the digital representation of operating

characteristics comprises a Legendre polynomial.
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24.  The optical module of claim 21, wherein the digital representation of
operating characteristics comprises end points of a curve.

25.  The optical module of claim 21, wherein the digital representation of
operating characteristics comprises an endpoint and slope of a curve.

26.  The optical module of claim 21, the memory module further
comprising digital diagnostic parameters including at least one of setup, identification,
eye safety, fault detection, temperature compensation, monitoring, power on time and
margining.

27.  The optical module of claim 26, wherein at least a portion of the digital

diagnostic parameters 1s updateable by a host device.
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