
LASER DRIVER CIRCUIT AND SYSTEM  BACKGROUND Field:  5 [000[1 The subject
matter disclosed herein relates to data communication systems. In
particular, the subject matter disclosed herein relates to transmitting data
in an optical  transmission medium. Information:  100021 Data transmission in
an optical transmission. medium such as fiber optic cabling  10 has enabled
communication at data rates of 10 gigabits per second and beyond according to
data transmission standards set forth in IEEE Std. 802.3ae-2002,  Synchronous
Optical Network/Synchronous Digital Hierarchy (SONET) protocol as  



indicated in a set of standards provided by the American National Standards
Institute  (ANSI T1.105.xx) or Synchronous Digital Hierarchy (SDH) as
indicated in a set of 15 recommendations provided by the International
Telecommunications Union (e.g.,  ITU-T G.707, G.708, G.709, G.783 and G.784).
To transmit data in the optical  transmission medium, a laser device
typically modulates an optical signal in response  to a data signal. [00031
Figure 1 shows a schematic diagram of a prior art laser driver circuit 2 to
provide  20 power to a laser diode 6. In response to a pulse data signal 4,
the laser driver circuit 2  provides a pulse current signal 12 and a
nominally fixed bias current (not shown) to  the laser diode 6. In response
to the pulse current signal 12, the laser diode 6 transmits  a tight signal
10 having an output power 14. A photodiode 8 measures the output  



power 14 to be used in evaluating the performance of the laser driver circuit
2 or the 25 laser diode 6. [0004) A "slope efficiency" typically expresses an
efficiency of a laser device in  generating an output power in response to an
input current signal. For example, a  slope efficiency is typically expressed
as a measurement of a change in output power  of a light signal from a laser
device divided by a magnitude of a change in input 5 current signal provided
to the laser device to transmit the light signal when the laser  device is
properly biased. The slope efficiency associated with a particular laser
device typically changes as a function of age or operating temperature. For
example,  Figure 2 shows a graph illustrating effects of temperature (i.e.,
different temperatures  Ti, T2 and TO on a slope efficiency of a laser
device. In the illustrated example, the 



10 laser device has a higher slope efficiency at lower operating
temperatures.  BRIEF DESCRIPTION OF THE FIGURES 100051 Non-limiting and
non-exhaustive embodiments of the present invention will be  described with
reference to the following figures, wherein like reference numerals  refer to
like parts throughout the various figures unless otherwise specified. 15
[00061 Figure 1 shows a schematic diagram of a prior art laser driver circuit
to provide  power to a laser device. [0007) Figure 2 shows a graph
illustrating typical effects of temperature on a slope  efficiency associated
with a laser device. [00081 Figure 3 shows schematic diagram of a system to
transmit in and receive data from  20 an optical transmission medium
according to an embodiment of the present invention.  



[00091 Figure 4 shows a schematic diagram of physical medium attachment and
physical medium dependent sections of a data transmission system according to
an embodiment  of the system shown in Figure 2. 2 10010] Figure 5 shows a
schematic diagram of a laser driver circuit according to an  embodiment of
the physical medium dependent section shown in Figure 4. 1001i] Figure 6
shows a flow diagram illustrating a process of adjusting an output current
of a laser driver circuit according to an embodiment of the laser driver
circuit shown in  5 Figure 5. 100121 Figure 7 shows a graph illustrating
changes of an output power of a light signal  from a laser device in response
to changes in an output current from a laser device  



according to an embodiment of the process shown in Figure 6. 100131 Figure 8
shows a laser driver circuit according to an embodiment of the laser driver
10 circuit shown in Figure 5. 10014] Figure 9 shows a flow diagram
illustrating a process according to an embodiment  of the process shown in
Figure 6 and the laser driver circuit shown in Figure S.  DETAILED
DESCRIPTION 15 1o0151 Reference throughout this specification to "one
embodiment" or "an embodiment"  means that a particular feature, structure,
or characteristic described in connection with  the embodiment is included in
at least one embodiment of the present invention. Thus,  the appearances of
the phrase "in one embodiment" or "an embodiment" in various  places
throughout this specification are not necessarily all referring to the same 



20 embodiment. Furthermore, the particular features, structures, or
characteristics may be  combined in one or more embodiments. 100161
"Machine-readable" instructions as referred to herein relates to expressions
which  may be understood by one or more machines for performing one or more
logical  operations. For example, machine-readable instructions may comprise
instructions 25 which are interpretable by a processor compiler for executing
one or more operations  3 on one or more data objects. However, this is
merely an example of machine-readable  instructions and embodiments of the
present invention are not limited in this respect. [00171 "Storage medium" as
referred to herein relates to media capable of maintaining  expressions which
are perceivable by one or more machines. For example, a storage  



5 medium may comprise one or more storage devices for storing
machine-readable instructions or data. Such storage devices may comprise
storage media such as, for  example, optical, magnetic or semiconductor
storage media. However, this is merely  an example of a storage medium and
embodiments of the present invention are not  limited in this respect. 10
[0018] "Logic" as referred to herein relates to structure for performing one
or more logical  operations. For example, logic may comprise circuitry which
provides one or more  output signals based upon one or more input signals.
Such circuitry may comprise a  finite state machine which receives a digital
input and provides a digital output, or  circuitry which provides one or more
analog output signals in response to one or more 15 analog input signals.
Such circuitry may be provided in an application specific  



integrated circuit (ASIC) or field programmable gate array (FPGA). Also,
logic may  comprise machine-readable instructions stored in a storage medium
in combination  with processing circuitry to execute such machine-readable
instructions. However,  these are merely examples of structures which may
provide logic and embodiments of  20 the present invention are not limited in
this respect. 100191 A "data bus" as referred to herein relates to circuitry
for transmitting data between  devices. A "multiplexed data bus" as referred
to herein relates to a data bus that is  capable of transmitting data among
two or more devices coupled to the multiplexed  data bus. A multiplexed data
bus may transmit data messages to a device coupled to 25 the multiplexed data
bus according to an address associated with the device or a  4 



position on the multiplexed data bus where the device is coupled. However,
this is  merely an example of a multiplexed data bus and embodiments of the
present  invention are not limited in this respect. [00201 An "optical
transmission medium" as referred to herein relates to a transmission  5
medium capable of transmitting light energy in an optical signal which is
modulated  by a data signal such that the data signal is recoverable by
demodulating the optical  signal. For example, an optical transmission medium
may comprise fiber optic cabling  coupled between a transmitting point and a
receiving point. However, this is merely  an example of an optical
transmission medium and embodiments of the present 10 invention are not
limited in this respect. 100211 A "laser device" as referred to herein
relates to a device to transmit a light signal in  



response to a power source. For example, a laser device may transmit a light
signal in  an optical transmission medium which is modulated by a data
signal. However, this is  merely an example of a laser device and embodiments
of the present invention are not  15 limited in these respects. [00221 A
"laser driver circuit" as referred to herein relates to a circuit to provide
power to  a laser device to be used for transmitting a light signal in an
optical transmission  medium. For example, a laser driver circuit may provide
a controlled current signal to  provide power for transmitting the light
signal. However, this is merely an example of 20 a laser driver circuit and
embodiments of the present invention are not limited in these  respects.
100231 A laser driver circuit may provide a current signal to a laser device
having a "bias  



current" component combined with a data current component which is modulated
by a  data signal. The data current signal may be generated by modulating a
"modulation 25 current" with the data signal. The modulation current may
determine an extent to  5 which the magnitude of the current signal may
deviate from the bias current  component. However, this is merely an example
of a bias current and modulation  current, and embodiments of the present
invention are not limited in these respects. (0024] The strength of a light
signal from a laser device may be associated with a 5 measurable "output
power." For example, an output power from a laser device may be  measured
from a sensor such as a photodiode which is exposed to the light signal.
However, this is merely an example of an output power associated with a laser
device  



transmitting a light signal and embodiments of the present invention are not
limited in  this respect. t0 (0025] An "average output power" as referred to
herein relates to an approximation of the  mean output power of a laser
device over a time period. For example, an average  output power may be
determined based upon an integration of an output from a sensor  over a
period of exposure to a light signal generated by the laser device and
subsequent  normalization. A "swing output power" as referred to herein
relates to an amount by 15 which an output power of a laser device may
deviate from its lowest value to its  highest value over a time period.
However, these are merely examples of an average  output power and swing
output power, and embodiments of the present invention are  not limited in
these respects. 



[0026} A "slope efficiency" as referred to herein relates to a relationship
between a current  20 signal provided to a laser device and a resulting
output power of a light signal  generated by the laser device in response to
the current signal. For example, a slope  efficiency may be expressed as a
change in output power divided by a magnitude of a  change in current signal.
However, this is merely an example of a slope efficiency  and embodiments of
the present invention are not limited in these respects. 6 100271 Briefly, an
embodiment of the present invention relates to a laser driver circuit to
provide a current signal to power a laser device. A bias current provided to
the laser  device may be changed while changes in the output power of a light
signal from the  laser device is monitored. A slope efficiency associated
with the laser device may be 



5 determined based upon the changes in the bias current and changes in the
output  power. However, this is merely an example embodiment and other
embodiments of the  present invention are not limited in these respects.
100281 Figure 3 shows a schematic diagram of a system to transmit in and
receive data  from an optical transmission medium according to an embodiment
of the present 10 invention. An optical transceiver 102 may transmit or
receive optical signals 110 or  112 in an optical transmission medium such as
fiber optic cabling. The optical  transceiver 102 may modulate the
transmitted signal 110 or demodulate the received  signal 112 according to
any optical data transmission format such as, for example,  wave division
multiplexing wavelength division multiplexing (WDM) or multi 15 amplitude
signaling (MAS). For example, a transmitter portion (not shown) of the  



optical transceiver 102 may employ WDM for transmitting multiple "lanes" of
data in  the optical transmission medium. [00291 A physical medium dependent
(PMD) section 104 may provide circuitry, such as a  transimpedance amplifier
(TIA) (not shown).and/or limiting amplifier (LIA) (not 20 shown), to receive
and condition an electrical signal from the optical transceiver 102 in
response to the received optical signal 112. The PMD section 104 may also
provide to  a laser device (not shown) in the optical transceiver 102 power
from a laser driver  circuit (not shown) for transmitting an optical signal.
A physical medium attachment  (PMA) section 106 may include clock and data
recovery circuitry (not shown) and de 25 multiplexing circuitry (not shown)
to recover data from a conditioned signal received  7 



from the PMD section 104. The PMA section 106 may also comprise multiplexing
circuitry (not shown) for transmitting data to the PMD section 104 in data
lanes, and a  serializer/deserializer (Serdes) for serializing a parallel
data signal from a layer 2  section 108 and providing a parallel data signal
to the layer 2 section 108 based upon a 5 serial data signal provided by the
clock and data recovery circuitry. [00301 According to an embodiment, the
layer 2 section 108 may comprise a media access  control (MAC) device coupled
to the PMA section 106 at a media independent  interface (Mn) as defined IEEE
Std. 802.3ae-2002, clause 46. In other embodiments,  the layer 2 section 108
may comprise forward error correction logic and a framer to 10 transmit and
receive data according to a version of the Synchronous Optical
NetworkfSyncluronous Digital Hierarchy (SONET) protocol as indicated in a set
of  



standards provided by the American National Standards Institute or
Synchronous  Digital Hierarchy (SDH) as indicated in a set of recommendations
provided by the  International Telecommunications Union. However, these are
merely examples of 15 layer 2 devices that may provide a parallel data signal
for transmission on an optical  transmission medium, and embodiments of the
present invention are not limited in  these respects. 10031] The layer 2
section 108 may also be coupled to any of several input/output (I/O)  systems
(not shown) for communication with other devices in a processing platform.
20 Such an I/O system may include, for example, a multiplexed data bus
coupled to a processing system or a multi-port switch fabric. The layer 2
section 108 may also be  coupled to a multi-port switch fabric through a
packet classifier device. However,  



these are merely examples of an I/O system which may be coupled to a layer 2
device  and embodiments of the present invention are not limited in these
respects. 8 


