LASER DRIYER CIRCUIT AND SYSTEM

BACKGROUND

- 1. Field

The subject matter disclosed herein relates to data com-
munication systems. In particular, the subject matter dis-
closed herein relates to transmitting data in an optical
transmission medium.

2. Information

Data transmission in an optical transmission medium such
as fiber optic cabling has enabled communication at data
rates of 10 gigabits per second and beyond according to data
transmission standards set forth in IEEE Std. 802.3a¢-2002,
Synchronous Optical Network/Synchronous Digital Hierar-
chy (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 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.

FIG. 1 shows a schematic diagram of a prior art laser
driver circuit 2 to provide 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 light
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 laser diode 6.

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 current signal provided to the
laser device to transmit the light signal when the laser device
is properly biased. The slope efficiency associated wilh a
parficular laser device typically changes as a function of age
or operating temperature. For example, FIG. 2 shows a
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graph illustrating effects of temperature (i.c., different tem-
peratures T;, T, and T5) on a slope efficiency of a laser
device. In the illustrated example, the laser device has a
higher slope efficiency at lower operating temperatures.

BRIEF DESCRIPTION OF THE FIGURES

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.

FIG. 1 shows a schematic diagram of a prior art laser
driver circuit to provide power to a laser device.

FIG. 2 shows a graph illustrating typical effects of tem-
perature on a slope efficiency associated with a laser device.

FIG. 3 shows schematic diagram of a system fo transmit
in and receive data from an optical transmission medium
according to an embodiment of the present invention.

FIG. 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 FIG. 2.

FIG. 5 shows a schematic diagram of a laser driver circuit
according to an embodiment of the physical medium depen-
dent section shown in FIG. 4.

FIG 6 shows a flow diagram illustrating a process of
adjusting an output current of a laser driver circuit according

tso an embodiment of the laser driver circuit shown in FIG.

FIG.~7 shc_)ws a‘graph illustrating changes of an output
power oi’? a light signal from a laser device in response 1o
changes in an output current from a laser device according
to an embodiment of the process shown in FIG. 6.

FIG.‘ 8 shows a laser driver circuit according to an
embodiment of the laser driver circuit shown in FIG. 5.

FIG. 9 shows a flow diagram illustrating a process accord-

ing to an embodiment of the process shown in FIG. 6 and the
laser driver circuit shown in FIG. 8.
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DETAILED DESCRIPTION

Reference throughout this specification to “one embodi-
ment” 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 embodiment. Furthermore, the particular
features, structures, or characteristics may be combined in
one or more embodiments.

“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 opera-
tions. For example, machine-readable instructions may com-
prise instructions which are interpretable by a processor
compiler for executing one or more operations 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.

“Storage medium” as referred to herein relates to media
capable of maintaining expressions which are perceivable by
ome or more machines. For example, a storage medium may
comprise one or more storage devices for storing machine-
readab'le instructions or data. Such storage devices may
comprise storage media such as, for example, optical, mag-
netic 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.

“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 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 the present invention are not
limited in this respect.
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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
transmitiing 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 the multiplexed data
bus according to an address associated wilh the device or a

posilion on the multiplexed data bus where the device is
coupled. However, this is merely an example of a multi-
plexed data bus and embodiments of the present invention
are not limited in this respect.

An “optical transmission medium” as referred to herein
relates to a transmission 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 transmis-
sion medium and embodiments of the present invention are
not limited in this respect.

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 limited in
these respects.

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 a
laser driver circuil and embodiments of the present invention
are not limited in these respects. .

A laser driver circuil 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 modu-
lating a “modulation current” with the data signal. The
modulation current may determine an extent to which the
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magnitucle 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.

The strength of a light signal from a laser device may be
associated with a 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 fransmitting a light
signal and embodiments of the present invention are not
limited in this respect.

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 oufput
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 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.

A “slope efficiency” as referred to herein relates to a
relationship between a current signal provided to a laser
device and a resulting output power of a light signal gen-
erated 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.

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
b_e 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 determined based
upon the changes in the bias current and changes in the
output power. However, this is merely an example embodi-
ment and other embodiments of the present invention are not
limited in these respects.
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FIG. 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 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 transmis-
sion format such as, for example, wave division multiplex-
ing wavelength division multiplexing (WDM) or multi-
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.

A physical medium dependent (PMD) section 104 may
provide circuitry, such as a transimpedance amplifier (T1A)
(not shown) and/or limiting amplifier (LIA) (not 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) sec-
tion 106 may include clock and data recovery circuitry (not
shown) and de-multiplexing circuitry (not shown) to recover
data from a conditioned signal received-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 serial data
signal provided by the clock and data recovery circuitry.

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 (MII)
as defined IEEE Std. 802.3a¢-2002, clause 46. In other
embodiments, the layer 2 section 108 may comprise forward
error correction logic and a framer to transmit and receive
data according to a version of the Synchronous Optical
Network/Synchronous Digital Hierarchy (SONET) protocol
as indicated in a set of standards provided by the American
National Standards Institute or Synchronous Digital Hierar-
chy (SDH) as indicated in a set of recommendations pro-
vided by the International Telecommunications Union.
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However, these are merely examples of 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.

The layer 2 section 108 may also be coupled to any of
several input/output (I/0) systems (not shown) for commu-
nication with other devices in a processing platform. Such an
I/0 system may mclude, for example, a multiplexed data bus
coupled to a processing system or a multi-port swilch fabric.

The layer 2 secilion 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.

The layer 2 device 108 may also be coupled to the PMA
section 106 by a backplane interface (not shown) over a
printed circuit board. Such a backplane interface may com-
prise devices providing a 10 Gigabit Ethernet Attachment
Unit Interface (XAUI) as provided in IEEE Std. 802.3ae-
2002, clausc 47. In other embodiments, such a backplane
interface may comprise any one of several versions of the
System Packet Interface (SPI) as defined by the Optical
Internetworking Forum (OIF). However, these are merely
examples of a backplane interface to couple a layer 2 device
to a PMA section and embodiments of the present invention
arc not limited in these respects.

FIG. 4 shows a schematic diagram of a system 200 to
transmit data in and receive data from an optical transmis-
sion medium according to an embodiment of the system
shown in FIG. 3. An optical transceiver 202 comprises a
laser device 208 to transmit an optical signal 210 in an
optical transmission medium and a photo detector section
214 to receive an optical signal 212 from the optical trans-
mission medium. The photo detector section 214 may com-
prise one or more photodiodes (not shown) for converting
the received optical signal 212 to one or more electrical
signals to be provided to a TIA/LIA circuit 220. A laser
driver circuit 222 may provide a current signal 216 to the
laser device 208 in response to a dafa signal from a PMA
section 205. The laser device 208 may then transmit optical
signal 210 in response to the current signal 216.
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FIG. 5 shows a schematic diagram of a laser driver circuit
322 according to embodiment of the physical medium
dependent section shown in FIG. 4. A laser device compris-
g a laser diode 306 receives a current signal from the laser
driver circuit 322 and generates a light signal 310 in
response (o the input current. A photodiode 308 may be used
to monitor the output power of the light signal 310 by
providing an output current to a conirol circuit 302 over a
resistor 312, Avoltage at the resistor may be indicative of the
output power of the laser diode 306, Alternatively, instead of
passing the output current over the resistor 312, a TIA may
be coupled to receive the output current and provide an
output voltage to the control circuit 302. However, these are
merely examples of how an output power of a laser device
may be measured and embodiments of the present invention
are not limited in these respects.

The laser driver circuit 322 comprises a current source
circuit 316 to generate a modulation current component
(Insop) and a current source circuit 314 to generate a bias
current component (Ig,, o). A switch transistor pair com-
prises switch transistors 318 and 320 to modulate a switched
modulation current output in response to a data signal (e.g.,
from a PMA section) applied to gates of the sw1tch transis-
tors 318 and 320. The switched modulation current and bias
current components may be additively combined using
techniques known to those of ordinary skill in the art of
analog circuit design to provide a current signal for power-
g the laser diode 306.

In the illustrated embodiment, the current source circuits
314 and 316 may adjust the magnitudes of I,,,, or I, ¢ in
response to control signals from the control circuit 302 to
adjust the output power of the laser diode 306. In one
embodiment, the current source circuits 314 and 316 may
increase or decrease the magnitudes of I, ,,, or 15, ¢ con-

tinuously over a time period to enable data recovery cir-
cuitry at a receiving end (not shown) to respond to changes
in the output power. Alternatively, the current source circuits
314 and 316 may change the magnitudes of [, or Iz a8
a step function for a faster response. However, these are
merely examples of how a modulation current or bias
current may be adjusted in response to a control signal and
embodiments of the present invention are not limited if
these respects.
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According to an embodiment, the laser driver circuit 322
may be associated with preset system parameters (e.g.,
preset by a manufacturer) such as a target reference average
output power (Przz) and a target modulation power or swing
output power (Pr;0p). FIG. 6 shows a flow diagram illus-
trating a process 400 to adjust I, and/or I, ., according
to an embodiment of the laser driver circuit 322. At bubble *
402, a reset event may be detected such as a power up event.
Block 404 may set internal parameters and factory default
parameters including, for example, P, ., and Prz. Blocks™
406 through 414 comprise a processing loop that may then
be executed until a subsequent reset event.

Block 406 and diamond 408 may detect an event or
condition to initiate a change in Iz, sor I, to maintain the
average output power of the laser diode 306 at about Pegp.
Such an event or condition may include, for example, a
change in the temperature of the laser diode 306 (e.g., as
measured by a thermistor (not shown)) or a change in the-
average output power (P, ) from the laser device 306 (e.g.,
as measured from the output of the photodiode 308).
However, these are merely examples of a condition or event
that may initiate a change in I, c orl, 5, and embodiments
of the present invention are not limited in these respects.
Block 406 measures P, - and diamond 408 determines
whether P, is within a suitable range (e.g., as defined in
parameters set at block 404) about Prep. If P is not
within the suitable range about Pg.., block 408 may adjust
Igres until P,y is within the suitable range.

According to an cmbodiment the currcnt source circuit
314 may adjust I, ; in discrete current increments (Al )
in response to a digital control signal from the control circuit
302. At block 410, 1,,, . may be adjusted by one or more
increments Al s (¢.g., added to or subtracted from I, 5)
until P,y is within a suitable range. As illustrated in FIG.
7, for example, I 5;, . may be adjusted until P, . is within the
range Prept/-DAPg- - where APr.- and n define a prede-
termined tolerance for P, ..
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Following the adjustment of I, at block 410, the
control circuit 302 may approximate a slope efficiency
(Ef 10pe) associated with the laser diode 306 at block 412.
According to the embodiment of FIG. 7, Ef,,,,. may be
approximated based upon a discrete current increment
Al s and the change in average output power (AP,) resuli-
ing from the last current increment Alg,,¢ added to or
subtracted from I, ¢ at block 410 (to place P, . within the
range Propt+/-nAPger) as follows:

Efslope"APa/MBIr’.S

According to an embodiment, the control circuit 302 may
provide a control signal to the current source circuit 316 to
maintain a modulation current I,,.,,. At block 414, the
control circuit 302 may determine I,,,,, based upon P,,op
and the slope efficiency approximation AP /Al,, . as fol-
lows:

Iop=P ool (AP JAL, BIA.S)

To maintain P, within a suital?le operating range, I,
may be reduced by an amount ol current based upon the

adjusted modulation current I,,,,. In the presently illus-
trated embodiment, it may be assumed that the output power
of the laser diode 306 is approximately symmetric about
Psve in response to the modulation current I,
Accordingly, the bias current I, ¢ determined at block 410
may be reduced by about half of any increase to I,,,,, to
mamntain Py, within a suitable operating range. However,
this is merely an example of how a bias current mayrbe
reduced to maintain the average output power of a laser
diode within a suitable range and embodiments of the
present invention are not limited in these respects.

FIG. 8 shows a diagram illustrating a laser driver circuit
522 according to an embodiment of the laser driver circuit
322 1llustrated with reference to FIGS. 5 and 6. An analog
to digital converter (ADC) 520 may provide digital samples
of a voltage signal from a monitor photodiode to control
logic 502 used for measuring P, and AP, according to an
embodiment of the control circuit 302 described with ref-
erence to FIG. 6. Current source circuits 514 and 516 each
comprise one or more digital-to-analog converters (DACs)
to provide a current at a magnitude controlled by a digital
signal from the control logic 502. Circuitry to form such
DACs to generate a digitally controlled current may be
implemented using techniques known to those of ordinary
skill in the art of analog circuit design.

10


IP-TEMP
Rectangle


FIG. 9 shows a flow diagram illustrating a process 600
according to an embodiment of the processing in the block
414 portion of process 400 shown in FIG. 6. and the laser
driver circuit 522 shown in FIG. 8. ADAC 516 may generate
Lisop as an integer multiple of Al,,,,, generated as follows:

oo™ NaopMayon

In the illustrated embodiment, N, ., may be calculated as
an integer from the approximated slope efficiency Ef .
(calculated at block 412) and diamond 604 may determine
whether there has been a change to Ny, resulting from any
change o Efg,p.. Diamond 604 may compare Nu,op as
calculated at block 602 to CurrN,,,, which is a previously
stored value of N1 (e.g., initialized at block 404 follgw-
ing reset). If N, ., has changed, block 606 may provide an
updated N,,op signal as CurtN,,,» to DAC 516 to generate
I,s0r s an integer multiple (CurrN,,, ) of discrete current
increments Al p.

Since any changes to I,,,, (resulting from changes in
Nyrop) May cause a change in P,ye, 154 ¢ may be adjusted
to maintain P, within a suitable range. At block 410, the
conirol logic 502 may provide a digital control signal to a
DAC 518 to increase or decrease the output current from
DAC 518 by the discrete current increments Alg,, ¢ to place
P,z within a suitable operating range as illustrated with
reference to FIG. 7. At block 606, the control logic 502 may
provide signal CurrN,,,, as a digital control signal to a
DAC 516 to generate I,,,, based upon the approximated
slope efliciency Ef,,,.

According to an embodiment, the DAC 516 may provide
Li/op as an integer multiple (N,,,p) of discrete current
increments Al based upon Ef ;...

Accordingly, the DAC 516 may generate a modulation
current Ly,op=CurrNyopxAlL0p in response to a digital
control signal from the control logic 502 to maintain a swing
output power at about the target modulation power P, . To
maintain the average power Py, within a suitable operating
range, the current source circuit S14 may offset the output
current from the DAC 518. A DAC 508 may generate a
current in response to a digital signal AN, which repre-
sents a change in CurrN,,,, (updated at block 608). Here,
the DAC 508 may generate a current AN, %Al . Half

11
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of this output current from the DAC 508 may be subtracted
from the output of DAC 518 to provide 1,,,¢ using tech-
niques known to those of ordinary skill in the art of analog
circuit design. .

While there has been illustrated and described what are
presently considered to be example embodiments of the
present invention, it will be understood by those skilled in
the art that various other modifications may be made, and
equivalents may be substituted, without departing from the
true scope of the invention. Additionally, many modifica-
tions may be made to adapt a particular situation to the
teachings of the present invention without departing from
the central inventive concept described herein. Therefore, it
is intended that the present invention not be limited to the
particular embodiments disclosed, but that the invention
include all embodiments falling within the scope of Lhe
appended claims.

12
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What is claimed is:

1. A method comprising:

changing a bias current provided to a laser device by
discrete current increments;

measuring changes in an output power of a light signal
from the laser device in response to the changes in the
bias current;

estimating a slope efficiency associated with the laser
device based upon at least one of the discrete incre-
mental changes in the bias current and at least one
change in the output power; and

determining a magnitude of a modulation current pro-
vided to the laser device based upon the estimated slope
efficiency and a target output power swing.

2. The method of claim 1, the method further comprises
changing the bias current until the output power is within a
set or predetermined power range.

3. The method of claim 1, the method further comprising
changing the bias current based upon the magnitude of the
modulation current to maintain an average of the output
power within the set or predetermined range.

4. A laser driver circuit comprising:

an output power monitoring circuit to determine an output
power of a light signal from a laser device;

a bias current generating circuit to change a bias current
provided to a laser device in discrete current incre-
ments;

a circuit fo estimate a slope efficiency associated with the.
laser device based upon at least on of the discrete
incremental changes in the bias current and at least one
change in the output power; and

a modulation current generating circuit to determine a
magnitude of a modulation current provided to the laser
device based upon the estimated slope efficiency and a
target output power swing.

5. The laser driver circuit of claim 4, wherein the bias
current generating circuit changes the bias current until the
output power is within a set or predetermined power range.

6. The laser driver circuit of claim 4, wherein the bias
current generating circuit comprises logic to change the bias
current based upon the magnitude of the modulation current
to maintain an average of the output power within the set or
predetermined range.
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7. A system comprising:
a serializer fo provide a serial data signal in response to a
parallel data signal;

a laser device adapted to be coupled to an optical trans-
mission medium to transmit an optical signal in the

optical transmission medium in response to the serial
data signal; and

a laser driver circuit to pravide a power signal to the laser
device, the laser driver circuit comprising:

an outpu! power moniloring circuit to measure an
output power of a light signal from the laser device;

a blas current generating circuit to change a bias current
to the laser device in discrete current Increments;

a circuit to estimate a slope efficiency associated with
the laser device based upon at least one of the
discrete incremental changes in the bias current and
at least one change in the output power; and

a modulation current generating circuit to determine a
magnitude of a modulation current provided to the
laser device based upon the estimated slope effi-
ciency and a target output power swing.

8. The system of claim 7, the system further comprising
a SONET framer to provide the parallel data signal,

9. The system of claim 8, wherein the system further
comprises a switch fabric coupled to the SONET framer.

10. The system of claim 7, the system further comprising
an Ethernet MAC to provide the parallel data signal at a
media independent inferface.

11. The system of claim 10, wherein the system further
comprises a multiplexed data bus coupled to the Ethernet
MAC. .

12. The system of claim 10, wherein the system further
comprises a switch fabric coupled to the Ethernet MAC.

13. A system comprising:

a serializer to provide a serial data signal in response to a
parallel data signal;

a laser device adapted to be coupled to an optical trans-
mission medium to transmit an optical signal in the
optical transmission medium in response to the serial
data signal; and

a laser driver circuit to provide a power signal to the laser
device, the laser driver circuit comprising:
a first current source circuit to generate a bias current,
a second current source circuit to generate a modulation
current; and

14
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a control circuit coupled to the second current source to
control a magnitude of the modulation current based
upon one or more changes in a magnitude of the bias
current and one or more changes in an output power
of a light signal transmitted by the laser device;

wherein the control circuit further comprises:
logic to adjust the magnitude of the modulation

current to maintain a swing power of the laser
device at about a predetermined target modulation
power.
14. The system of claim 13, the system further comprising
a SONET framer to provide the parallel data signal.

15. The system of claim 14, wherein the system further
comprises a switch fabric coupled to the SONET framer.

16. The system of claim 13, the system further comprising
an Ethernet MAC to provide the parallel data signal at a
media independent interface.

17. The system of claim 16, wherein the system further
comprises a multiplexed data bus coupled to the Ethernet
MAC.

18. The system of claim 16, wherein the system further
comprises a switch fabric coupled to the Ethernet MAC.

19. The system of claim 13, wherein the control circuit
comprises logic coupled to the first current source to change
the magnitude of the bias current to maintain the average
output power of the light signal within a predetermined

range.
20. The system of claim 19, wherein the control circuit

further comprises:

logic to reduce the bias current based to maintain an
average output power of the light signal at about a
predetermined target average output power based upon
the adjusted magnitude of the modulation current.

21. The system of claim 13, the laser driver circuit further

comprising:

a modulation circuit to generate a modulated current
signal in response to the modulation current and a data
signal; and

a circuit to combine the bias current and the modulated
current signal to provide a current signal to the laser
device.

15
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22. The system of claim 13, wherein the control circuit
further comprises:

an analog to digital conversion circuit to sample a voltage

representative of the output power of the laser device;
and

a first signal output to provide a first digital control signal

to the first current source circuit; and

a second signal output to provide a second digital control

signal to the second current source circuit.

23. The system of claim 13, wherein the bias current
generating circuit changes the bias current until the output
power is within a set of predetermined power range.

24, The system of claim 23, wherein the laser driver
circuit comprises a modulation current generating circuit to
determine a magnitude of a modulation current provided to
the laser device based upon the estimated slope efficiency
and a target output power swing.

25. The system of claim 24, wherein the bias current
generating circuit comprises logic to change the bias current
based upon the magnitude of the modulation current to
maintain an average of the output power within the set or
predetermined range.

16
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