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APPARATUS, SYSTEM AND METHODS FOR MODIFYING
OPERATING CHARACTERISTICS OF OPTOELECTRONIC DEVICES

BACKGROUND OF THE INVENTION
The Field of the Invention

The present invention relates generally to optoelectronic systems and devices.

More specifically, embodiments of the present invention relate to modifying operating
characteristics of transceivers and transponders.

The Related Technology

The proliferation and significance of networking technology is well known.
Optical transponders and transceivers are used for receiving and transmitting data
between electronic hosts such as computers using an optical network. Generally, optical
transceivers/transponders are located at the interface of an optical network and an
electronic host. Transceivers and transponders receive optical data signals from the
network, convert the optical data signal to an electrical data signal, and pass the electric
data signal to the host.

Likewise, optical transceivers and transponders receive data, in the form of an
electrical signal, from the host. The transceiver or transponder converts the electrical
signal to an optical data signal, and transmits the optical data signal across an optical
network to another host. Optical transceivers and transponders are commonly
implemented in the form of a combination transceiver/transponder module that can be
mounted on a motherboard of a host via an interconnect.

The ever-increasing demand for network bandwidth has resulted in the
development of technology that increases the amount of data traveling across a network.
Advancements in modulation techniques, coding algorithms and error correction have
drastically increased rates of this data type. For example, it was the case at one time that
the highest rate that data could travel across a network was at approximately one Gigabit
per second (“GB/s”). Subsequently however, data rates of 10GB/s have been achieved in
connection with Ethernet and Synchronous Optical Network (“SONET”) networks. For
instance, the XFP (10 GB/s serial electrical interface) Pluggable Module Multi-Source
Agreement (“MSA”) is directed to transceivers operating at approximately 10 Gb/s.
Further, data rates of 4 Gb/s have been attained in Fibre Channel (“FC”) networks.

As data rates have increased, transceivers and transponders have been designed to

be compatible with networks that run at different data rates. For instance, in a Fibre
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Channel network, it may be desirable to operate at a data rate of about 4, 2, or 1 Gb/s or
lower. In a Ethernet or SONET system, the transceiver or transponder may operate at a
data rate of about 10, 5, or 1 Gb/s or lower. In yet other systems, it may be desirable to
select a single operational data rate, or a range of data rates over which the system will
operate. As an example of the latter case, it may be necessary to set a transceiver or
transponder to operate at one of several data rates close to 10 Gb/s.

Many existing transceivers and transponders have selectable data rates.
Conventionally, a transceiver/transponder module with a selectable data rate will include
a data rate select pin that allows the transceiver/transponder module to be configured or
set to operate at one of several rates. Thus, transceivers and transponders with selectable
data rates allow the transceiver or transponder to be configured for use in various types of
networks and network configurations.

However, existing transceivers and transponders are problematic in that they
typically require a user to manually select the data rate. The requirement for manual
selection of the data rate for the transceiver or transponder limits the ability of the
transceiver/transponder to respond to system changes. This limitation can cause problems
in some situations, such as by preventing certain networks from working together.

A related problem concerns the fact that an I/O connector, such as a pin on the
interconnect between the transceiver/transponder and the host board, is required in some
instances to facilitate implementation of the data rate selection or change. Oftentimes, the
pin arrangement for a transceiver/transponder module is defined by industry standard, so
that a desired new feature or component cannot be added to the transceiver/transponder
module if adding that feature would require some type of I/O to control the data rate of
operation and/or if no I/O connection is available for the transceiver/transponder module
under the existing industry standard.

Therefore, what is needed are optoelectronic components, such as transceivers,
transponders, and transceiver/transponder modules for example, whose operational data
rate can be automatically selected. Moreover, at least some implementations of such
optoelectronic components should be self-contained such that automatic data rate
selection can be implemented by the optoelectronic component without regard to the
configuration of the associated host board. Alternatively, it would be desirable to provide
the ability to modify the operational data rate of a optoelectronic device so as to effect

other effect behaviors of the device. For example, manipulation of the data rate of a
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transmitted signal so that the signal is optimized for a given environment would be
desirable.
SUMMARY OF EXAMPLE EMBODIMENTS OF THE INVENTION

In one example embodiment of the present invention, a transceiver/transponder
module is provided that includes, among other things, signal modification circuitry. The
signal modification circuitry is exemplarily implemented as a clock and data recover
(“CDR”) integrated circuit (“IC”), or CDR IC, and is configured to operate at a variety of
different data rates. In one embodiment, the CDR IC includes an input for receiving an
input data stream and an input for selecting the operational data rate of the CDR IC.
Among other things, the CDR IC is configured to generate a loss of lock (“LOL”) signal
when the data rate of the input data stream deviates from the selected data rate of the
CDR IC by a predetermined margin.

In this regard, this example embodiment of the transceiver/transponder module
further includes a controller that monitors the CDR IC for the LOL signal. Upon sensing
the LOL signal, the controller automatically adjusts the selectable data rate of the CDR IC
until the LOL signal ceases. In this particular example, the controller, upon detection of a
LOL, automatically begins testing a discrete number of possible data rates. If the LOL
signal ceases, the controller sets the CDR IC to operate at the selected rate. If all
selectable data rates are attempted and the LOL signal persists, the controller sets the data
stream to bypass the CDR IC.

It should be noted that in a system designed to operate at a very wide range of data
rates, such as between Ethernet rate of 1.25 Gb/s and the 10 Gigabit Ethernet rate of
10.3125 Gb/s, the retiming function in a serial transceiver may only be needed at the
higher data rates where it is being used to compensate for signal degradations which are
insignificant at the higher data rates. Thus, a system which recognizes the very low rates,
by the above process of elimination or otherwise, and ultimately bypasses the retiming
function, would be expected to provide totally adequate performance at the much lower
data rates. The bypass mode, referred to elsewhere herein, is therefore not a failure mode,
but instead a feature of normal operation whereby system operation may be achieved far
outside the available data rate range of a given CDR IC.

In yet another embodiment, a ‘rate select’ signal is utilized to optiniize the
operating characteristics of the optical transceiver module. In this particular embodiment,
a ‘rate select’ signal is provided to the optical transceiver module, either from a host, or

from circuitry on the module itself. The rate select signal indicates the operational data
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rate for the module. Based on the information gleaned from the rate select signal,
operating parameters of the optical signal can be modified so as to optimize the operation
of the transceiver module for the given data rate. For example, the modulation level of
the transmitted signal may be optimized for the particular data rate. Other signal
characteristics could also be modified in response to the rate select signal.

Among other things then, example embodiments of the invention allow
optoelectronic devices such as transceivers and transponders to transmit at more than one
data rate without the need for manual adjustment of the data rate of the IC. Moreover,
such automatic implementation of data rate changes can be accomplished internally
within the optoelectronic device, without the need for devices such as I/O connections. In
addition, operation of the transceiver device can be optimized, depending on the
operational data rate required. The foregoing, and other, aspects of the present invention
will become more fully apparent from the following description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1 is a block diagram illustrating aspects of a system that includes a host
device configured to communicate with a transceiver/transponder module that enables
automatic selection of an operational data rate;

Figure 2 is a block diagram that illustrates further aspects of the
transceiver/transponder module of Figure 1;

Figure 3 is a block diagram of an alternative implementation of a
transceiver/transponder module that enables automatic selection of an operational data
rate;

Figure 4 is a Dblock diagram of another implementation of a
transceiver/transponder module that enables automatic selection of an operational data
rate;

Figure 5 is a flow chart illustrating one example of a method for providing

automatic data rate selection;
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Figure 6 is a block diagram illustrating another system environment for
implemented yet another embodiment, wherein a rate select is provided by a host so as to
adjust operational characteristics of an optoelectronic transceiver module; and

Figure 7 is a flow chart illustrating one example of a method for controlling
operational characteristics of the module via a rate select signal.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Example embodiments of the invention are generally concerned with systems and
devices for implementing automatic control of the data rate of rate-selectable optical,
electrical, and optoelectronic devices. Embodiments of the invention are compatible with
a wide variety of data rates and physical protocols, and can be employed in connection
with a range of optical, electronic and optoelectronic systems and devices. In various
example embodiments, such optical, electrical, and optoelectronic devices are configured
to transmit signals over the network at data rates including, but not limited to, about 1.25
Gb/s, about 2 Gb/s, about 2.5 Gb/s, about 4 Gb/s, and about 10 Gb/s. Example protocols
with which embodiments of the invention are compatible include, but are not limited to,
Gigabit Ethernet, Fibre Channel, and SONET and 10 Gigabit Ethernet.

Among other things, example embodiments of the invention allow optoelectronic
devices such as transceivers and transponders to transmit at a variety of different data
rates without the need for manual adjustment of the data rate of the IC. Moreover, such
automatic implementation of data rate changes can be accomplished internally within the
optoelectronic device, without the need for devices such as I/O connections. Further,
example embodiments of the invention enable the automatic selection of data rates in
transceivers and transponders using various rate-selectable integrated components. For
instance, various embodiments of the present invention automatically select the data rates
in transceivers/transponders by adjusting the data rate of a CDR, a MUX/DEMUX, a
SERDES, or other component or device.

By way of example, in one example embodiment, the IC includes a clock and data
recover (“CDR”) IC. Generally, the CDR IC is configured to generate the LOL signal
when the input data stream is out or range. In another example embodiment, a
multiplexer/demultimplexer (“MUX/DEMUX”) generates the LOL signal. In a further
example embodiment, a serializer/deserializer (“SERDES”) generates the LOL signal. In
some implementations, the MUX/DEMUX and the SERDES includes a CDR that
generates the LOL signal.
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Additionally, at least some embodiments are configured so that the IC
automatically selects a data rate without instruction or input from a controller or external
clock. Exemplarily, the IC includes a CDR that generates a LOL signal when the input
data stream is out of range of the selected data rate for the IC.

I General Aspects of an Example Transceiver/Transponder Module

With attention now to Figure 1, details are provided concerning various aspects of
an example system 100 that includes a transceiver/transponder module 200 and host
device 300 configured and arranged to interact with each other. Generally, such
interaction is facilitated through the use of transmission lines 102 and 104 that
electronically connect the transceiver/transponder module 200 with the host device 300.
It should be noted that while the illustrated implementation refers to a
transceiver/transponder module 200, embodiments of the invention are not so limited.
Rather, embodiments of the invention may, more generally, be employed with any other
optical, electronic, or optoelectronic device in comnection with which it would be
desirable to implement the functionality disclosed herein.

Among other things, the transceiver/transponder module 200 defines a ‘receive’
path 202A and a ‘transmit’ path 202B. Elements of the ‘receive’ path 202A include a
receiver 204 and a signal modifier IC 206. Generally, the receiver 204 is configured and
arranged to receive an optical data signal from a network, or an optical device, and to
convert the received optical data signal into an electrical data signal that is then passed to
the signal modifier IC 206.

More particularly, the illustrated example embodiment of the receiver 204
includes a receive optical sub-assembly 204A (“ROSA”) that receives the optical data
signal from the network or optical device and converts the optical data signal to an
electrical data signal. Exemplarily, the ROSA comprises a photodiode, but other suitable
optoelectronic devices may be employed as well. The receiver 204 also includes a post-
amplifier 204B that, in general, serves to amplify, and/or otherwise condition or process,
the electrical data signal received from the ROSA 204A. Exemplarily, the signal
modifier IC 206 and postamplifier 204B may be combined into a single IC.

With continuing reference to Figure 1, the transmit path 202B defined by the
transceiver/transponder module 200 includes a transmitter 208 coupled to a network and a
signal modifier IC 210. Generally, the transmitter 208 is configured and arranged to

receive an electrical data signal from a host or other system or device, by way of the
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signal modifier IC 210, and to convert the received electrical data signal into an optical
data signal that is then transmitted onto a network or to an optical device.

More particularly, the illustrated embodiment of the transmitter 208 includes a
transmitter optical sub-assembly (“TOSA”) 208A that receives, at least indirectly, the
electrical data signal from the host 300 or other system or device and converts the
electrical data signal to an optical data signal and transmits the optical data signal onto a
network or to an optical device. Exemplarily, the TOSA 208A includes a laser diode, but
other suitable optoelectronic devices may be employed as well. The transmitter 208 also
includes a laser driver 208B that generally serves to control operation of the laser within
the TOSA 208A. Such control may extend to, among other things, laser input power, and
optical amplitude modulation. The laser within TOSA 208A is also biased to the proper
operating current using a dedicated biasing and control circuit that may be contained
within, or located outside of, the laser driver 208B.

With continuing attention to Figure 1, further details are provided concerning the
signal modifier IC 206 and signal modifier IC 210 employed in connection with the
example implementation of the transceiver/transponder module 200. In particular, the
signal modifier IC 206 is positioned between the receiver 204 and the host device 300,
while the signal modifier IC 210 is positioned between the transmitter 208 and the host
device 300. Typically, the signal modifier ICs 206 and 210 serve to modify or condition
the data stream. More particularly, signal modifier ICs 206 and 210 may include a CDR
that reshapes and retimes a data stream to perform an eye-opening function.
Alternatively, signal modifier ICs 206 and 210 may include a MUX/DEMUX, SERDES,
or an adaptive equalizer.

Various factors may be considering in reaching a determination as to which
components will be included in a particular implementation of signal modifier ICs 206
and 210. Typically, such determinations are made without reference to the need to toggle
between two or more different operational data rates. For instance, industry standards
require XBI transponder modules to have multiplexers and SERDES so that the signal
can be transmitted to the host board in parallel. XFP type transceiver modules, however,
transmit to the host board in serial fashion, in which case multiplexers and SERDES are
not required to interface with the host.

One aspect of the example signal modifier ICs 206 and 210 is that they operate at
a selectable data rate. As described below with reference to specific example

embodiments of the present invention, the signal modifier ICs 206 and 210 are configured
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to generate a LOL signal. In general, the input data stream to the transceiver/transponder
module 200 is determined to be ‘out of lock’ when the data rate of the input data stream is
outside the operational data rate range specified in connection with signal modifier ICs
206 and 210.

It should be noted that the data rate adjustment, and other, functionality
implemented in connection with example embodiments of the invention may be
performed in connection with software, as discussed in further detail elsewhere herein.
Alternatively, at least some of such functionality may be specified and implemented
through the use of field programmable gate arrays (“FPGA”) or similar devices.

II. Aspects of Example CDR Signal Modification Circuitry

Direction attention now to Figure 2, details are provided concerning an example
implementation of a transceiver/transponder module 200 that incorporates, among other
things, automatic data rate selection capabilities. The illustrated embodiment of the
transceiver/transponder module 200 includes a signal modifier IC 212 that includes a
transmitter clock and data recover (“Tx CDR”) 214A and a receiver clock and data
recover (“Rx CDR”) 214B, each of which is configured to receive various inputs and
generate various outputs. It should be noted that Tx CDR 214A and Rx CDR 214B, and
IC 212, and other circuitry of transceivers/transponders may be integrated on a single IC,
or configured as discrete components, as suggested by the phantom line in Figure 2.

In general, Tx CDR 214A and Rx CDR 214B perform an eye-opening function for
a transmitter input data stream 402 (see below) or a receiver output data stream 504 (see
below). Further, the Tx CDR 214A and Rx CDR 214B retime and reshape data pulses.
Finally, each of the Tx CDR 214A and Rx CDR 214B may include various sub-circuits
for providing data at specific data rates.

With more particular reference now to Figure 2, the Tx CDR 214A is configured
to receive a data input 402 from the host 300 (see Figure 1), as well as a reference clock
input 404. Generally, the Tx CDR 214A uses the reference clock input 404 to center the
frequency used to recover the clock and data from an input data stream. In some
implementations, the reference clock input 404 is shared by Tx CDR 214A and Rx CDR
214B, thereby reducing the number of components on IC 212 and reducing the
complexity and cost of the transceiver/transponder module 200. In addition to the

foregoing, the Tx CDR 214A generates a data output 406 to transmitter 208 (see Figure
1).
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With continuing reference to Figure 2, the Rx CDR 214B receives, on the receive
path 202A, an input 502 from the receiver 204 (Fig. 1). The Rx CDR 214B also
generates a data output 504. As discussed in further detail below, ‘data rate select’ pins
602 and 604 couple a controller 216 to Tx CDR 214A and Rx CDR 214B, respectively.

More particularly, the respective data rate pins 602 and 604 enable selection of an
operational data rate. If the data rate of the input data stream 402 is out of the range of
the selected data rate of Tx CDR 214A and Rx CDR 214B, the Tx CDR 214A and/or Rx
CDR 214B, as applicable, generates a loss of lock (“LOL”) signal. However, if Tx CDR
214A or Rx CDR 214B is locked, no LOL signal is generated for the respective CDR. In
the example arrangement illustrated in Figure 2, the controller 216, exemplarily
implemented as a microprocessor controller, monitors Tx CDR 214A and Rx CDR 214B
for a respective LOL signal on pins 606 or 608. The Tx CDR 214A and the Rx CDR
214B can generate a LOL signal using a phase locked loop (“PLL”) or any other circuitry,
system or device that indicates loss of lock on a signal.

In addition to implementing various monitoring functionalities, the controller 216
also provides control signals to the data rate select pins 602 and 604 of Tx CDR 214A
and Rx CDR 214B, respectively. In at least some implementations, the controller 216
maintains the current data rate as a default as long as there is no LOL signal transmitted
on pins 606 or 608. However, in response to detecting LOL signal on pin 606 or 608,
controller 216 resets the target data rate to test a new data rate. In the event that the LOL
signal transmitted on pins 606 or 608 ceases, thereby indicating a correct selected data
rate, controller 216 will maintain the new data rate.

On the other hand, if the LOL signal transmitted on pins 606 or 608 persists, the
controller 216 tests another data rate. The process of sensing the LOL signal transmitted
on pins 606 or 608 and resetting the data rate continues until either an appropriate data
rate has been selected or all data rates have been attempted. In one embodiment, if all
data rates generate a LOL signal, the data stream 402 and/or 502, as applicable, is passed
through the IC 212 without clock and data recovery.

Thus, the controller 216 obviates the need for a user to set and/or select
operational data rates. As a result, example embodiments of the invention are well suited
for use in connection with systems and devices where data rates can vary.

It should be noted that in the example embodiments illustrated in Figures 2 and 3
(below), the controller 216 and 708, respectively, is included as an element of the

transceiver/transponder module. More generally however, the controller may be disposed
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external to the module in some embodiments. Alternatively, the controller can be
integrated onto the same chips as the IC. In yet other implementations, no controller is
required. An example of one such implementation is considered below in connection
with the discussion of Figure 4. Accordingly, the scope of the invention should not be
construed to be limited to the example illustrated embodiments.

III.  Aspects of Example MUX/DEMUX Signal Modification Circuitry

As noted earlier herein, signal modification circuitry directed to automatic
implementation of data rate changes and associated functionality can be implemented in a
variety of different forms. With attention now to Figure 3, a transceiver/transponder
module 700 is illustrated that includes an IC 702. In this example embodiment,
transceiver/transponder module 700 further includes a MUX 704, DEMUX 706, both of
which are configured for communication with a controller 708. Both the MUX 704 and
DEMUX 706 are configured to receive various inputs and generate various outputs. It
should be noted that the MUX 704 and DEMUX 706, and IC 702, and other circuitry of
transceivers/transponders may be integrated on a single IC, or configured as discrete
components, as suggested by the phantom line in Figure 3. In general, and as discussed
in further detail below, the MUX 704 and DEMUX 706 serve to multiplex and
demultiplex, respectively, data streams associated with the transceiver/transponder
module 700.

With more particular reference now to Figure 3, the MUX 704 is configured to
receive a data input 802 from the host 300 (see Figure 1), as well as a reference clock
input 804. In one example implementation, the reference clock input 804 comprises a
parallel input clock or, alternatively, a Tx clock. In some implementations, MUX 704 and
DEMUX 706 share the reference clock input 804, thereby reducing the amount of
required circuitry on transceiver/transponder module 700. In addition to the foregoing,
the MUX 704 generates a data output 806 to transmitter 208 (see Figure 1). More
particularly, parallel data from host device 300 (see Figure 1) enters MUX 704 via data
input 802. The MUX 704 then serializes the received data and transmits the data, as data
output 806, to transmitter 208 (see Figure 1).

With continuing reference to Figure 3, the DEMUX 706 receives, on the receive
path 202A, an input 902 from the receiver 204 (see Figure 1). The DEMUX 706 also
generates a data output 904. More particularly, serialized data enters DEMUX 706 from
receiver 204 via data input 902. The MUX 706 then deserializes the received data and
transmits the data, as data output 904, to transmitter 208 (see Figure 1). As discussed in
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further detail below, ‘data rate select’ pins 1002 and 1004 couple the controller 708 to
MUX 704 and DEMUX 706, respectively.

More particularly, the respective data rate select pins 1002 and 1004 enable
automatic selection of an operational data rate. If the data rate of the input data stream
902 is out of the range of the selected data rate of MUX 704 and DEMUX 706, the MUX
704 and DEMUX 706, as applicable, generates a loss of lock (“LOL”) signal on pins
1102 and/or 1104, as applicable. However, if MUX 704 or DEMUX 706 is locked, no
LOL signal is generated for the respective CDR. In the example arrangement illustrated
in Figure 3, the controller 708, exemplarily implemented as a microprocessor controller,
monitors MUX 704 and DEMUX 706 for a respective LOL signal on pins 1102 and/or
1104. The MUX 704 and DEMUX 706 can generate a LOL signal using a PLL or any
other circuitry, system or device that indicates loss of lock on a signal.

In addition to implementing various monitoring functionalities, the controller 216
also provides control signals to the data rate select pins 1102 and 1104 of MUX 704 and
DEMUX 706, respectively. In at least some implementations, the controller 708
maintains the current data rate as a default as long as there is no LOL signal transmitted
on pins 1102 or 1104. However, in response to detecting LOL signal on pin 1102 or
1104, controller 708 resets the target data rate to test a new data rate. In the event that the
LOL signal transmitted on pins 1102 or 1104 ceases, thereby indicating a correct selected
data rate, controller 708 will maintain the new data rate.

On the other hand, if the LOL signal transmitted on pins 1102 or 1104 persists, the
controller 708 tests another data rate. The process of sensing the LOL signal transmitted
on pins 1102 or 1104 and resetting the data rate continues until either an appropriate data
rate has been selected or all data rates have been attempted. In one embodiment, if all
data rates generate a LOL signal, the data stream 802 and/or 904, as applicable, is passed
through the IC 702 without a data rate change.

It should be noted that IC 702 may alternatively include a SERDES (not shown)
with an automatically selectable data rate. In this alternative implementation, the
SERDES is also configured to generate a LOL signal. Similar to the automatic selection
of a data rate for a MUX/DEMUX implementation, the data rate of operation can be
automatically selected using the LOL signal from the SERDES.

IV.  Aspects of Example Controllerless CDR Signal Modification Circuitry

As noted elsewhere herein, at least some implementations of the invention are

effective in implementing automatic data rate adjustment functionality without requiring
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an external controller or external control signal. Directing attention now to Figure 4,
details are provided concerning an example of such an implementation.

In particular, a transceiver/transponder 1200 is provided that has includes an IC
1202. Among other things, the IC 1202 includes a rate selectable transmitter Tx CDR
1204A and a rate selectable receiver Rx CDR 1204B. The transmitter rate selectable Tx
CDR 1204A receives a data stream from host device 300 (see Figure 1) by way of data
pin 1302. The Tx CDR 1204A then transmits the data stream to transmitter 208 (see
Figure 1) via data output pin 1304, or alternatively, via bypass 1305. The bypass signal is
indicated at 1306. Similarly, Rx CDR 1204B receives input data via input pin 1402 and
transmits the data stream to host device 300 via output pin 1404 or, alternatively, bypass
1405. The bypass signal is indicated at 1406.

In the illustrated implementation, neither the rate selectable transmitter Tx CDR
1204A nor the rate selectable receiver Rx CDR 1204B is coupled to a controller or an
external clock. Rather, in the illustrated embodiment, the Tx CDR 1204A and Rx CDR
1204B are configured to automatically select the proper data rate of operation without
external control. More particularly, the Tx CDR 1204A and Rx CDR 1204B are
configured to automatically detect a LOL 1502 and 1504, respectively, and automatically
attempt various data rates of operation. If any of the selected data rates succeeds in
stopping the LOL, then the Tx CDR 1204A and Rx CDR 1204B operate at the selected
data rate. If LOL does not cease for any of the selected data rates, the Tx CDR 1204A
and Rx CDR 1204B allows the input data stream to bypass the Tx CDR 1204A and Rx
CDR 1204B.

Thus, because example embodiments of the transceiver/transponder module 1200
are self-contained so as to be able to implement data rate changes in environments where
the host device does not include a clock or control input or other I/O or device for
specifying data rate changes, embodiments of the invention can be implemented in
systems conforming to a wide variety of different standards and protocols. As discussed
below, embodiments of the CDR disclosed herein are useful in a wide variety of
applications.

By way of example, eliminating the need for an external clock or oscillator
correspondingly eliminates the need for certain I/O capabilities. While this aspect of
example embodiments of the invention benefits manufacturers by reducing costs, this
aspect also allows CDRs to be readily added to systems that do not support additional
CDRs. For example, industry standards typically do not provide the necessary /O for
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adding a CDR to an SFP or SFF type module. Specifically, adding a CDR to existing
SFP or SFF type modules requires additional pin connects. Since the standard for SFP
and SFF type modules has been set however, the connectors for these types of modules
cannot be modified to accommodate additional pins.

However, embodiments of the CDR disclosed herein can readily be added to an
existing SFP or SFF type module to perform various useful functions, such as eye
opening for example. In one example embodiment and associated operational scenario, a
4 Gb/s Fibre Channel module is configured to run at 4, 2, or 1 Gb/s or lower. The eye
opening functionality of the CDR is only used for higher data rates, such as rates of 2
Gb/s or 4 Gb/s. When the CDR detects a loss of lock signal, the CDR selects a data rate
of about 4 Gb/s, and then about 2Gb/s. If the loss of lock signal persists, the CDR
determines that the operational data rate is slower than 2 Gb/s and takes itself offline.

V. Aspects of An Example Data Rate Selection Method

The present invention also includes a method for automatically selecting the data
rate of a transceiver/transponder. Directing attention now to Figure 5, aspects of an
example method 1600 for automatically selecting a data rate are indicated. At stage 1602,
an input data stream having a data rate is received. The process 1600 then idles at stage
1604 unless and until a LOL signal, indicating that the data rate of the input data stream
deviates from the selected data rate by a predetermined margin, is received.

Upon receipt of a LOL signal, the process 1600 then advances to stage 1606
where a predetermined range of selectable data rates R;...R, associated with the
transceiver/transponder or other device, is accessed. In two example alternative
embodiments, a predetermined group of two or more discrete data rates, or a single
predetermined selectable data rate, is accessed.

Next, the process 1600 advances to stage 1608 where the operational data rate is
set to match the first, or next, data rate, as applicable, in the range. The process 1600 then
proceeds to stage 1610 where a decision point is reached. In particular, if LOL persists,
as would be the case where the new data rate of the CDR does not match the data rate of
the input data stream, the process 1600 returns to stage 1608 to reset the data rate of the
CDR to the next data rate in the range or group of selectable data rates R;...Ry.

After each reset of the data rate, the process 1600 advances to stage 1612 where a
determination is made as to whether all the data rates in the range have been test. If all of

the data rates have not been tested, the process then repeats until a data rate has been set
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that causes deassertion of LOL. After LOL has been deasserted in response to the setting
of a particular data rate, the process 1600 returns to stage 1604 for LOL idle.

It may be the case in some evolutions that none of the data rates in the range will
cause the deassertion of LOL. Thus, in the event that the data rate of the CDR is set to
every data rate in the range without causing deassertion of LOL, the process 1600
advances to stage 1610 where ‘bypass’ is set. At some point subsequent to the setting of
‘bypass,” the process 1600 may be reset and return to stage 1604 for LOL idle.

V1. Alternative Embodiments Utilizing the ‘Rate Select’ Signal to Optimize

Transceiver Operation

In yet another example embodiment, manipulation of a so-called rate select signal
(or an equivalent signal) is further utilized to influence the optimal operating parameters
of an optoelectronic transceiver. For example, the Small Form Factor Multi-Source
Agreement (SFP MSA) prescribes a specific functionality for the so-called ‘Rate Select’
signal. In particular, that standard defines the Rate Select signal as a selection between
full or reduced receiver bandwidth. Present embodiments expand the response to the Rate
Select signal to also include optimization of the transmitter’s operational data rate by
setting the appropriate Rate Select from the Host device.

In one example implementation, transmitter optimization is accomplished by
manipulating the Rate Select signal so as to modify the average optical power and/or the
optical modulation of the transmitter to meet the 4x Fibre Channel (4.25Gb/s) and Gigabit
Ethernet (1.25Gb/s) optical requirements within the same transceiver. In this scenario, a
laser used for 4x Fibre Channel applications requires a faster transition time between
logic 0 and logic 1 light levels, as compared to a Gigabit Ethernet application, due simply
to the significantly higher data rate. One method of achieving faster performance from a
laser is for a laser driver to send more electrical current through it, which results in a
higher optical power. Thus, when the Host signals the transceiver that it will be
transmitting the faster data rates supported by the transceiver, by setting the Rate Select
signal to a logic 1, the transceiver responds by increasing the optical power to achieve
faster performance.

This ability to control the operational state of the transmitter depending on the
operating environment gives rise to several advantages. For example, running at slower
performance during Gigabit Ethernet operation (as opposed, for example, to a 4x Fibre
Channel) by decreasing the optical power from the laser, provides the ability to more

easily meet the Gigabit Ethernet requirement for minimum Extinction Ratio, known as
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ER. ER is the ratio of the logic 1 light level relative to no light verses the logic 0 light
level relative to no light. An increase in average optical power requires more optical
modulation to maintain a constant ER. Thus, by keeping the average optical power
lower, the laser driver does not need to supply as much modulation current to meet the
Gigabit Ethernet ER requirement.

In direct contrast, an environment such as a 4x Fibre Channel does not have an ER
requirement. Instead 4x Fibre Channel requires a minimum Optical Modulation
Amplitude, known as OMA. OMA is the difference in the logic 1 light level and the
logic 0 light level. Because OMA is not referenced to the no-light level like ER, it does
not depend on the average optical power. This allows the transceiver to meet the 4x Fibre
Channel OMA requirement at a significantly lower ER than the Gigabit Ethernet
requirement.

Thus, by using the Rate Select signal provided by a Host, the transceiver is able to
separate the faster transition time for 4x Fibre Channel from the ER requirement for
Gigabit Ethernet. Thus it is not necessary to require the transceiver to simultaneously
maintain a high optical power to get the needed speed, while also using an excessive
amount of modulation current to meet a high ER requirement.

Reference is now made to Figure 6, which illustrates certain features of an optical
transceiver 2000 in which aspects of the present invention may be employed. Note that
many of the features of the transceiver 2000 have been previously described, and that
discussion will not be repeated. Also, example transceiver 2000 is described by way of
illustration only, and not by way of restricting the scope of the invention. Related details
pertaining to an example transceiver environment can be found in co-pending U.S.
provisional patent application serial no. 60/530,036, filed on December 15, 2003 and
entitled “Optical Transceiver Control Chip with Temperature Compensation and Digital
Diagnostics,” which is incorporated by reference herein in its entirety.

Aspects of this embodiment allow for manipulation of various operating behaviors
of the transceiver 2000 based on the level of a ‘rate select’ signal that, for example, can
be provided by an external host (demoted here in Figure 6 at 2002). In other
embodiments, the rate select signal (or its equivalent) can be automatically generated as
previously described. While the example embodiment may be described in connection
with a particular operating environment for purposes of illustration, it will be appreciated
that principles of the present invention are suitable for 1G, 2G, 4G, 10G and higher data

rates as sensitivity to operational circumstances increases. Furthermore, the principles of
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the present invention may be implemented in laser transmitter/receivers of any form
factor such as XFP, SFP and SFF, without restriction. Having said this, the principles of
the present invention are not limited to a laser transceiver environment at all.

With continued reference to Figure 6, the optical transceiver 2000 receives an
optical signal from fiber 2110A using receiver 2101. The receiver 2101 acts as an
optoelectric transducer by transforming the optical signal into an electrical signal. The
receiver 2101 provides the resulting electrical signal to a post-amplifier 2102. The post-
amplifier 2102 amplifies the signal and provides the amplified signal to the external host
2002 as represented by arrow 2102A. The external host may be any computing system
capable of communicating with the optical transceiver 2000. In one embodiment, the
optical transceiver 2000 may be a printed circuit board or other chip within the host 2002,
although this is not required.

The optical transceiver 2000 may also receive electrical signals from the host
2002 for transmission onto the fiber 2110B. Specifically, the laser driver 2103 receives
the electrical signal as represented by the arrow 2103A, and drives the transmitter 2104
(e.g., a laser or Light Emitting Diode (LED)) with signals that cause the transmitter 2104
to emit onto the fiber 2110B optical signals representative of the information in the
glectrical signal provided by the host 2002. Accordingly, the transmitter 2104 serves as
an electro-optic transducer.

The behavior of the receiver 2101, the post-amplifier 2102, the laser driver 2103,
and the transmitter 2104 may vary dynamically due to a number of factors. For example,
temperature changes, power fluctuations, and feedback conditions may each affect the
performance and/or required operating parameters of these components. Accordingly, the
laser transmitter/receiver 2000 includes a control module 2105, which may evaluate
temperature and voltage conditions and other operational circumstances, and receives
information from the post-amplifier 2102 (as represented by arrow 2105A) and from the
laser driver 2103 (as represented by arrow 2105B). This allows the control module 105 to
counteract the dynamically varying performance, and detect when there is a loss of signal.

Specifically, the control module 2105 may counteract these changes by adjusting
settings on the post-amplifier 2102 and/or the laser driver 2103 as represented by the
arrows 2105A and 2105B. In the context of the discussion above, and as will be further
described below, the laser driver 2103 may be adjusted in accordance with the ‘Rate
Select’ signal, denoted at 2008, that is supplied by the host 2002 to the control module.

Additional details regarding control and manipulation of an optical transmitter are further
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shown and discussed, for example, in co-pending U.S. patent applications serial number
10/784,565, filed on February 23, 2004 and entitled “System and Method for Control of
Optical Transmitter,” and serial number 10/704,096, filed on November 6, 2003 and
entitled “Control for Peaking of Laser Driver to Improve Eye Quality.” Those
applications are incorporated herein by reference in their entirety.

In the illustrated example, the control module 2105 may have access to a
persistent memory 2106, which in one embodiment, is an Electrically Erasable and
Programmable Read Only Memory (EEPROM). Data and clock signals may be provided
from the host 2002 to the control module 2105 using the serial clock line SCL, and the
serial data line SDA. Also data may be provided from the control module 2105 to the
host 2002 using serial data signal SDA to allow for digital diagnostics and readings of
temperature levels, transmit/receiver power levels, and the like. In one embodiment, the
control module 2105 provides operational information using this data signal SDA to the
host 2002, so that the host 2002 may then log the information into its own persistent
memory 2112. Also, as is shown in Figure 6, one of the signals provided to the control
module 2105 from the host is a ‘Rate Select’ signal designated at 2008. While this signal
has a particular definition and meaning per certain industry standards (such as the Small
Form Factor Multi-Source Agreement), it will be appreciated that the current invention is
not limited to that specific signal notation, but applies equally to any equivalent signal or
set of signals that provide a similar control function — e.g., indicating a change in data
rate.

In the example shown, the control module 2105 includes both an analog portion
2108 and a digital portion 2109. Together, they allow the control module to implement
logic digitally, while still largely interfacing with the rest of the optical transceiver 100
using analog signals. However, it will be appreciated that the control module could be
implemented in any one of a number of different ways within hardware and/or software,
including various programmable devices, analog circuitry, etc. For purposes of the
present description, the control module 2105 includes a suitable programmable device, as
well as digital and analog circuitry needed to appropriately interact with and control the
laser driver 2103. For example, the analog portion 2108 may contain digital to analog
converters, and analog to digital converters, high speed comparators (e.g., for event
detection), voltage based reset generators, voltage regulators, voltage references, clock
generator, and other analog components. The digital portion 2109 of the control module

2105 may include a timer module 202 that provides various timing signals used by the
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digital portion 2109. Such timing signals may include, for example, programmable
processor times. In addition, the digital portion may include one or more general-purpose
programmable processors. The processor(s) recognize instructions that follow a
particular instruction set, and may perform normal general-purpose operation such as
shifting, branching, adding, subtracting, multiplying, dividing, Boolean operations,
comparison operations, and the like. In one embodiment, the general-purpose processors
are each a 16-bit processor and may be identically structured. The precise structure of the
instruction set is not important to the principles of the present invention as the instruction
set may be optimized around a particular hardware environment, and as the precise
hardware environment is not important to the principles of the present invention.

Reference is next made to Figure 7, which is a flow chart illustrating one example
of a methodology that could be used to adjust the operating parameters of a transceiver
module, such as that shown in Figure 6, by way of a rate select-type of signal from a host.
The method steps illustrated in Figure 7 are preferably implemented by way of software
executing within a programmable device, such as might be implemented in the controller
module 2105. Thus, beginning at step 3000, at power up or some other initialization
state, the controller 2105 polls the assertion level of the ‘rate select’ signal (2008 in
Figure 6) or its equivalent. At step 3002, it is determined if the assertion is “high”
(indicating, for example, a higher transmission rate environment such as 4x Fibre
Channel) or “low” (indicating, for example, a lower transmission rate environment, such
as Gigabit Ethernet).

If at step 3002 it is determined that rate select corresponds to a “low” state, then
processing continues at program step 3004. At this step, the controller module 2105
interacts with the laser driver circuit (2103 in Figure 6) so as to decrease the level of
current supplied and thereby decrease the optical power generated by the transmitter laser
(2104 in Figure 6) to a level corresponding to, for example, a Gigabit Ethernet
environment. Processing then continues at step 3006, where the controller 2105 further
interacts with the laser driver so as to set the transmission laser optical modulation level
to a level needed to achieve an extinction ration (ER) that corresponds to that which is
required for a Gigabit Ethernet environment. At this point, the operational characteristics
of the optical transceiver 2000 have been configured — in response to the rate select signal
from a host — to be optimally configured for use in a Gigabit Ethernet environment.

If at step 3002 it is instead determined that the rate select signal level from the

host corresponds to a “high” state, then processing continues at step 3010. At this step,
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the controller module 2105 interacts with the laser driver circuit (2103 in Figure 6) so as
to increase the level of current supplied and thereby increase the optical power generated
by the transmitter laser (2104 in Figure 6) to a level corresponding to, for example, a 4x
Fibre Channel environment. Processing then continues at step 3012, where the controller
2105 further interacts with the laser driver so as to set the transmission laser optical
modulation level to a level needed to achieve an Optical Modulation Amplitude (OMA)
that corresponds to that which is required for a 4x Fibre Channel environment. At this
point, the operational characteristics of the optical transceiver 2000 have been configured
— in response to the rate select signal from a host — to be optimally configured for use in a
4x Fibre channel environment.

Following execution of steps 3006 or 3012, processing then continues at program
step 3008. At this step, the control module will 2105 monitor the rate select signal state.
If the host changes the level of the signal so as to indicate a new environment, processing
will then proceed at step 3002 and continued in the manner described above.

It will be appreciated that the above methodology has been described with respect
to specific operating environments — here, Gigabit Ethernet and 4x Fibre Channel.
However, this is done only for purposes of illustration, and the process would apply
equally to other operating environments. Further, while the illustrated example is
described in the context of adjusting the signal power and modulation of a laser
transmitter, it will be appreciated that any one of a number of different operating
characteristics could be altered in response to a rate select-type of signal from the host.
For example, in addition to (or in lieu of) changing the dc drive current and the ac
modulation current of the transmission laser, the rate select signal could be monitored to
boost the electrical receive eye amplitude of a transceiver module when appropriate.
Alternatively, the rate select signal could be used to alter the threshold of the “loss of
signal” (LOS); for example, two (or more) threshold levels for a LOS could be
implemented — at a lower data rate the LOS does not have to be asserted until a lower
light power level is presented. Again, the primary objective is to optimize operating
characteristics of the transceiver based on a data rate condition.

Further, while the above embodiment is described as implementing a change in
response to a rate select signal that is received from a host device, that change could
instead be automatically detected, such as has been described in previously described

embodiments above.
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VII. General Aspects of Software

As disclosed elsewhere herein, aspects of implementations of the invention may
be implemented by way of various computing devices and associated software. Such
computing devices may comprise a special purpose or general purpose computer that
includes various computer hardware, as discussed in greater detail below.

When information is transferred or provided over a network or another
communications connection (either hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the computer properly views the connection as a computer-
readable medium. Thus, any such a connection is properly termed a computer-readable
medium. Combinations of the above should also be included within the scope of
computer-readable media. Computer-executable instructions comprise, for example,
instructions and content which cause a general purpose computer, special purpose
computer, or special purpose processing device to perform a certain function or group of
functions.

The following discussion is intended to provide a brief, general description of an
example computing environment in which aspects of example embodiments of the
invention may be implemented. Although not required, aspects of the invention may be
described in the general context of computer-executable instructions, such as program
modules, being executed by computers in network environments. Generally, program
modules include routines, programs, objects, components, and content structures that
perform particular tasks or implement particular abstract content types. Computer-
executable instructions, associated content structures, and program modules represent
examples of the program code means for executing steps of the methods disclosed herein.
The particular sequence of such executable instructions or associated content structures
represent examples of corresponding acts for implementing the functions described in
such steps.

Of course, the invention may be practiced in network computing environments
with many types of computer system configurations, including personal computers, hand-
held devices, multi-processor systems, microprocessor-based or programmable consumer
electronics, network PCs, minicomputers, mainframe computers, and the like. The
invention may also be practiced in distributed computing environments where tasks are
performed by local and remote processing devices that are linked (either by hardwired

links, wireless links, or by a combination of hardwired or wireless links) through a
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communications network. In a distributed computing environment for example, program
modules may be located in both local and remote memory storage devices.

The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the
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.
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CLAIMS
What is claimed is:
1. An optical transceiver module, comprising:

an optical transmitter assembly including a laser device configured to
produce an optical signal in response to a laser current, wherein the optical signal
has at least one predefined characteristic;

a laser driver circuit configured to produce the laser current for use by the
optical transmitter;

an optical receiver assembly; and

a controller circuit configured to receive a rate select signal that indicates a
plurality of operational data rates for the optical transmitter assembly, and that is
configured to generate at least one control signal for use by the laser driver circuit,
wherein the at least one control signal causes the at least one predefined
characteristic of the optical signal to be set according to the rate select signal.

2. An optical transceiver module as defined in claim 1, wherein the rate
select signal is received from an external host device.

3. An optical transceiver module as defined in claim 1, wherein the rate
select signal is generated by a detection circuit present within the optical transceiver
module. |

4. An optical transceiver module as defined in claim 1, wherein the detection
circuit comprises one of: a clock and data recover integrated circuit; a
multiplexer/demultiplexer integrated circuit; and, a serializer/deserializer integrated
circuit.

5. An optical transceiver module as defined in claim 1, wherein the module is
compatible with an operational data rate as dictated by at least one of: 2 gigabits per
second Fibre Channel systems; 4 gigabits per second Fibre Channel systems; and Gigabit
Ethernet.

6. An optical transceiver module as defined in claim 1, wherein the module is
compatible with an operational data rates greater than approximately 1 gigabits per
second.

7. An optical transceiver module as defined in claim 1, wherein the
predefined characteristic of the optical signal that is changed in response to the rate select

signal is an optical modulation level.
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8. An optical transceiver module as defined in claim 7, wherein the optical
modulation level is set at a level needed to satisfy a predefined Extinction Ratio (ER)
level.

9. An optical transceiver module as defined in claim 7, wherein the optical
modulation level is set at a level needed to satisfy a predefined Optical Modulation
Amplitude (OMA) level.

10.  An optical communications system, the system comprising:

a host device; and
an optical transceiver module, electrically interfaced with the host and
optically interfaced with an optical communications network, the transceiver
module comprising:
an optical transmitter assembly including a laser device configured
to produce a transmitted optical signal for communication on the optical
communications network;
an optical receiver assembly capable of receiving an optical signal
from the optical communications network; and
a controller circuit configured to receive a rate select signal from
the host device, wherein the rate select signal indicates the operational data
rate of the optical communications network and, in response to the level of
the rate select signal, causes the transmitted optical signal to a predefined
optical modulation level.

11.  An optical transceiver module as defined in claim 10, wherein the
predefined optical modulation level is set at a level needed to satisfy a predefined
Extinction Ratio (ER) level.

12. An optical transceiver module as defined in claim 10, wherein the optical
modulation level is set at a level needed to satisfy a predefined Optical Modulation
Amplitude (OMA) level.

13. A method for operating an optical transceiver module, the method
comprising:

continuously monitoring the level of a rate select signal that indicates an
operational data rate; and

depending on the operational data rate indicated by the rate select signal,
adjusting at least one operating characteristic of an optical signal transmitted by

the transceiver module.
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5 14.  The method as defined in claim 13, wherein the operating characteristic of
the optical signal is the optical modulation of the signal transmitted by the transceiver

module.
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