LASER DRI VER CI RCU T AND SYSTEM BACKGROUND Field: 5 [000[1 The subject
matter disclosed herein relates to data conmuni cati on systens. In

particular, the subject matter disclosed herein relates to transnitting data
in an optical transm ssion nmedium Information: 100021 Data transm ssion in
an optical transm ssion. nediumsuch as fiber optic cabling 10 has enabl ed
communi cation at data rates of 10 gigabits per second and beyond according to
data transm ssion standards set forth in | EEE Std. 802. 3ae-2002, Synchronous
Optical Network/ Synchronous Digital Hi erarchy (SONET) protocol as

LASER DRIVER CIRCUIT AND SYSTEM

BACKGROUND

Field:

5 [0001] 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 mediam.

Infonination:
{0002} 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, 3.709, G.783 and (.784). To transmit data in the optical
transmission mediuim, a laser device typically modulates an optical signal in response
~ to a data signal.
[0003) Figure 1 shows a schematic diagram of a prior art [aser 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 5 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

25 laser diode 6.



indicated in a set of standards provided by the Anmerican National Standards
Institute (ANSI T1.105.xx) or Synchronous Digital H erarchy (SDH) as
indicated in a set of 15 recomendations provided by the International
Tel econmuni cations Union (e.g., ITUT G 707, G708, G709, G783 and G 784).
To transmt data in the optical transm ssion nedium a |aser device
typically nodul ates an optical signal in response to a data signal. [00031
Figure 1 shows a schematic diagramof 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 | aser dribosdlr Acislapgiefficiencp? typicalbsexprssssa effivianey bf slageralevit@inand a
nomnally fixed bias current (not shown) to the |aser diode 6. In response
to the pul se cperrestihg ah gmalt ghdver inhespoasdas adinpdiecurenr dgraini For example,ght  si gnall
10 havi ng an out put power 14. A photodi ode 8 neasures the output
stope 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
Ty, T2 and T3) 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
[0005] 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 [0006] 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.
fooo8] 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.
[0009] Figure 4 shows a schematic diagram of physical medium attachment and physical

medium dependent sections of a data transmission system according to an einbodiment

of the system shown in Figure 2.



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 |aser device in generating an-output power in response to an
i nput current signal. For exanple, a slope efficiency is typically expressed
as a neasurenent of a change in output power of a light signal froma | aser
devi ce divided by a magnitude of a change in input 5 current signal provided
to the |laser device to transmt the |ight signal when the |aser device is
properly biased. The slope efficiency associated with a particular |aser

devi ce typi Cadohdy FipaRGBHoAS adcHeHRfit RABraAfof 3 0ReOdrivRP Sk @it a0&brliafReLAL Ur . For
exanple, Figure 2 shows a graph illustrating effects of tenperature (i.e.,

di fferent tenpenodingat offthe pHydicAlHedifin@BpéhdSlt RS oRbhdvr R0l @ | aser
device. In the illustrated exanple, the

|oo13] 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

n

Figure 5.

[0012] 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.

[0013]) Figure 8 shows a laser driver circuit according to an embodiment of the laser driver

10 circuit shown in Figure 5.

[0014] 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 8.

DETAILED DESCRIPTION

15 [0015] 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.

[0016) ‘“Machine-readable” insfructions 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, macﬁine-leadable insfructions may comprise instructions

25 which are interpretable by a processor compiler for executing one or more operations



10 | aser device has a higher slope efficiency at |ower operating
tenperatures. BRI EF DESCRI PTION OF THE FI GURES 100051 Non-limting and
non- exhausti ve enbodi nents of the present invention will be described with
reference to the follow ng figures, wherein |ike reference nunerals refer to
| i ke parts throughout the various figures unless otherw se specified. 15
[ 00061 Figure 1 shows a schematic diagramof a prior art |aser driver circuit
to provide power to a |aser device. [0007) Figure 2 shows a graph
illustrating typical effects of tenperature on a slope efficiency associated
with a | aser devbssor nhdt0aRa objegtslr Howe R alis issadreahicgamipla gf matighe-eadabtd em t o
transmt in and receive data from 20 an optical transm ssion nedi um
according to apseidpefd SR UmuRHIndAR dPHRSREent IRVeRNbA 88 not limited in this respect.
[0017] “Storage medium” as referred to herein relates to media capable of maintaining
expressions which are perceivable by one or inore machines. For example, a storage
b 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 1s merely
an example of a storage medium and einbodiments 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 si gnals. 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.
[0019] 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



[ 00091 Figure 4 shows a schematic diagram of physical nmedium attachnent and
physi cal nmedi um dependent sections of a data transm ssion system according to
an enbodi mrent of the system shown in Figure 2. 2 10010] Figure 5 shows a
schematic diagramof a |aser driver circuit according to an enbodi nent of

t he physical nedi um dependent section shown in Figure 4. 1001i] Figure 6
shows a flow diagramillustrating a process of adjusting an output current

of a laser driver circuit according to an enbodi mrent of the | aser driver
circuit shown in 5 Figure 5. 100121 Figure 7 shows a graph illustrating
changes of an qgtifbh oP@weiultilexdd bi@bis $h@bfle dedit®RcBuplas HowWext,eisisn response

to changes in an output current froma |aser device
merely an example of a multiplexed data bus and embodiments of the present
invention are not limited in this respect.

[0020] 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.

[0021] A *laser device” as referred to herein relates to a device to transmt 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.

{0022] 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.

[0023]) A laser driver circuit may provide a current signal to a l:sl_ser device having a “bias
current” component combined with é data cﬁrrent .comporlent 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



according to an enbodi nent of the process shown in Figure 6. 100131 Figure 8
shows a | aser driver circuit according to an enbodi nent of the |aser driver
10 circuit shown in Figure 5. 10014] Figure 9 shows a flow di agram
illustrating a process according to an enbodi nent of the process shown in

Figure 6 and the laser driver circuit showm in Figure S

DETAI LED

DESCRI PTI ON 15 100151 Reference throughout this specification to "one
enbodi mrent” or "an enbodi nent” neans that a particular feature, structure,
or characteristic described in connection with the enbodinent is included in

at | east one eghpdigBERigthdd HenPERFERNighd ¥RPUEARe DR Se bial AGraaPpear ances of
the phrase "in one enbodi nent" or "an enbodinent” in various places

throughout thi g, 3pGehd iHeRlevaN 1R 1§ nfiPlly BEEERHH I bifd durk 2l Hlod@ialion t he same

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

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.
Howeyver, 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.

10 [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 cutput 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.



20 enbodi nent. Furthernore, the particular features, structures, or
characteristics nay be conbined in one or nore enbodi nents. 100161
"Machi ne-readabl e" instructions as referred to herein relates to expressions
whi ch may be understood by one or nore machines for perform ng one or nore
| ogi cal operations. For exanple, machine-readable instructions may conprise
I nstructions 25 which are interpretable by a processor conpiler for executing
one or nore operations 3 on one or nore data objects. However, this is
merely an exanple of machi ne-readable instructions and enbodi nents of the
present i nvemeboBrafly, moembddimers of tha preléng investpmatiatef @0dAder dgvecaget iwedi unt' as
referred to herein relates to nedia capable of nmaintaining expressions which
are per cei vabl prosidearvarrert sippaopawt alesr dévace. exbinpéerenapetidedigahe laser
device may be changed while changes 1n 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.
{0028} 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 muitiple “lanes” of data in
the optical transtmssion medium.
[0029] 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



5 nmedi um may conprise one or nore storage devices for storing
machi ne-readabl e i nstructions or data. Such storage devices nay conprise
storage nedia such as, for exanple, optical, magnetic or sem conductor

storage nedi a. However,

enbodi nents of the present invention are not |imted in this respect.

[0018] "Logic" as referred to herein relates to structure for

10

this is nerely an exanple of a storage nmedi um and

perform ng one

or nore |logical operations. For exanple, logic may conprise circuitry which
provi des one or nore output signals based uaon one or nore input signals.

Such ci rcui t ry frrmyheBMBY Jestéonal 04 The PMAssegtion

I nput and provides a digital output, or «circuitry which provides one or
anal og out put sirguitay &ot shoma3 o irersntiting data do thedMD 3 tiam 40bip datspenessingraal s.
Such circuitry may be provided in an application specific

10

15

20

serializer/deserializer (Serdes) for serializing a paraile] 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.

[0030] According to an embodiment, the layer 2 section 108 may comprise a media access

control (MAC) device coupled to the PMA section 106 at a2 media independent
interface (MII) as defined 1IEEE Std. 802.3ae-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 Hierarchy (SDH) as indicated in a set of recommendations provided by the
International Telecommunications Union. However, these are merely examples of
layer 2 devices that may provide a parallel data signal for transinission 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.
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 throqgh a packet classif_ier device. However,
these are merely examples of én I/0 system which may be coupled to a Jayer 2 device |

and embodiments of the present invention are not limited in these respects.

rasogorise BaEiplexinga digita
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integrated circuit (ASIC) or field programmabl e gate array (FPGA). Al so,
| ogic may conprise machi ne-readable instructions stored in a storage nedi um
in combination wth processing circuitry to execute such machi ne-readabl e
i nstructions. However, these are nerely exanples of structures which may
provi de | ogic and enbodi ments of 20 the present invention are not limted in
this respect. 100191 A "data bus" as referred to herein relates to circuitry
for transmtting data between devices. A "nultiplexed data bus" as referred
to herein relates to a data bus that is capable of transmtting data anong
two or nore Wed2| cBe lawmpldedce 1% hay aked be qouplzd tb thel BMEA $pgtion NGhM a i pl exed dat a
bus may transmt data nessages to a device coupled to 25 the nultipl exed data
bus accordi ng tackpiunadideréss (a8 slasim bed ayirintedicirenidisoard eSuzh asdbackplane
interface may comprise devices providing a 10 Gigébit Ethemet Attachment Unit
Interface (XAULI) as provided in IEEE Std. 802.3ae-2002, clausé 47. In other
5 embodiments, such a backplane interface may comprise any one of several versions of
the System Packet Interface (SP1) 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 are not limited in
these respects.
10 (0033] Figure 4 shows a schematic diagram of a system 200 to transmit data in and
receive data from an optical transmission medivm according to an embodiment of the
system shown in Figure 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 transmission medium.
15 The photo detector section 214 may comprise 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 data signal from a PMA section 205.
The laser device 208 may then transmit optical signal 210 in response to the current
20 signal 216.
{0034) Figure 5 shows a schematic diagram of a laser driver circuit 322 according to an
embodiment of the physical medium dependent section shown in Figure 4. A laser
device comprising a laser diode 306 receives a current signal from the laser driver

circuit 322 and generates a light signal 310 in response to the input current. A

25 photodiode 308 may be used to monitor the output power of the kght signat 310 by
9



position on the nultiplexed data bus where the device is coupl ed. However,
this is nerely an exanple of a nultiplexed data bus and enbodi nents of the
present invention are not limted in this respect. [00201 An "opti cal
transm ssion nmediunt as referred to herein relates to a transmssion 5

medi um capabl e of transmtting Iight energy in an optical

signal which is

nodul ated by a data signal such that the data signal is recoverable by

denodul ating the optical signal. For exanple, an optical

transm ssi on nedi um

may conprise fiber optic cabling coupled between a transmtting point and a
recei vi ng poi rprovidipgeyeytputicuitentte 2 pertesll gircustdOd uens resigpr hi?. dpvroltage at

transm ssi on nmedi um and enbodi nents of the present 10 invention are not
limted in thitke resistpemby bd GARBverof theamrput gewercd thedaser diode Be t o herein

relates to a device to transmt a light signal in

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

5 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.

[0035] The laser driver circuit 322 comprises a current source circuit 316 to generate a

modulation current component (Imop) and a current source circuit 314 to generate a

10 bias current component (Igjas). A switch transistor pair comprises 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 switch transistors 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

15 design to provide a current signal for powering the laser diode 306.

[0036) In the illustrated embodiment, the current source circuits 314 and 316 may adjust

the magnitudes of Iyop or Igias 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 Ipop or Ipas

20 continuously over a time period to enable data recovery circuitry 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 Ipop or Ipjas as 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

25 embodiments of the present invention are not limited in these respects,

10



response to a power source. For exanple, a laser device may transmt a |ight
signal in an optical transm ssion nediumwhich is nodul ated by a data
signal. However, this is nmerely an exanple of a |aser device and enbodi nents
of the present invention are not 15 limted in these respects. [00221 A

"l aser driver circuit" as referred to herein relates to a circuit to provide
power to a laser device to be used for transmtting a light signal in an
optical transm ssion nmedium For exanple, a |laser driver circuit may provide
a controlled current signal to provide power for transmtting the |ight

si gnal . Howgsuar, Adoddinglo aeembodiraent akeaipdralrioér cQuia32amey belidssvdsted withui t  and
enbodi nents of the present invention are not limted in these respects.

100231 A | aser pdidt ¥kent pirSibtbrs [RY., ey b8 nAnGMERM sush SPardePreferémger devi ce
having a "bi as
average output power (Prgr) and a target modulation power or swing output power
. (Pmop). Figure 6 shows a flow diagram illustrating a process 400 to adjust Igjas and/or

5 Imop 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, Pyop and Prgr.
Blocks 406 through 414 comprise a processing loop that may then be executed until a
subsequent reset event. .

10 [0038] Block 406 and diamond 408 may detect an event or condition to initiate a change
in Ipias or Imop to maintain the average output power of the laser diode 306 at about
Prer. Such an event or condition may include, for example, a change in the
temperature of the laser diade 306 (e.g., as measured by a thermistor (not shown)) or a
change in the average output power (Pave) from the laser device 306 (e.g., as

IS5 measured from the output of the photodiode 308). However, these are merely
examples of a condition or event that may initiate a change in Ip;as or Inop, and
embodiments of the present invention are not limited in these respects. Block 406
measures Pavg and diamond 408 determines whether Pave is within a suitable range
(e.g., as defined ip parameters set at block 404) about Preg. 1f Payg is not within the

20 suitable range about Prgr, block 408 may adjust Igjas until Pave is within the suitable
range.

1003%] According to an embodiment thg: current source circuit 314 may adjust Ipias m

discrétc current increments (Algas) in response to a digital control signal from the

control circuit 302. At block 410, Igjas may be adjusted by one or more increments

25 Alpias (e.g., added to or subtracted from Ipas) until Paye is within a suitable range. As
1



current"™ conmponent conbined with a data current conponent which i s nodul at ed
by a data signal. The data current signal nmay be generated by nodul ating a
"nodul ation 25 current”™ with the data signal. The nodul ati on current nay
determ ne an extent to 5 which the magnitude of the current signal may
deviate fromthe bias current conponent. However, this is nerely an exanple
of a bias current and nodul ation current, and enbodi nents of the present
invention are not limted in these respects. (0024] The strength of a |ight
signal froma | aser device nay be associated with a 5 neasurabl e "out put

pover." For eXpapied indRg R T PRE e ROWR, 141 L:3Mydoe! RARRId QRN TE& - TBVitlfi§ themeasUr ed
froma sensor such as a photodi ode which i's exposed to tﬁe | i ght signal.

However, this i3 Ber &) e RRIPAS 2 in Al a e Ao RNB A RIQEAR TSP A N @ T aser

devi ce

[0040] Following the adjustment of Igas at block 410, the control circuit 302 may
approximate a slope efficiency (Efip.) associated with the laser diode 306 at block
5 412. According to the embodiment of Figure 7, Efy,pe may be approximated based
upon a discrete current increment Algas and the change in average output power (AP,)
resulting from the last current increment Algjas added to or subtracted from Ip;ag at
block 410 (to place Pavg within the range Prgr +/- nAPrgr) as follows:
[0041] Efiope ™ AP, /Alpiag

10 [0042] According to an embodiment, the control circuit 302 may provide a control signal
to the current source circuit 316 to maintain a modulation current Ipop. At block 414,
the control circuit 302 may determine Iyop based upon Pyop and the slope efficiency
approximation AP, /Algas as follows:

[0043] Inmop = Pmop (AP, /Alpias)

15 (0044} To maintain Pavg within a suitable operating range, Ipas may be reduced by an
amount of current based upon the adjusted modulation current Iyon. In the presently
illustrated embodiment, it may be assumed that the output power of the laser diode 306
is approximately symmetric about Payg in response to the modulation current Iyop.
Accordingly, the bias current Igias determined at block 410 may be reduced by about

20 half of any increase to Iyop to maintain Pavg within a suitable operating range.
Howeuver, this is merely an example of how a bias current may be reduced to maintain .
the average output power of a laser diode ‘within a suitable range and embodiments of

the present invention are not Jimited in these respects.



transmtting a light signal and enbodi ments of the present invention are not
limted in this respect. t0 (0025] An "average output power" as referred to
herein relates to an approxi mati on of the nmean output power of a |aser
device over a tine period. For exanple, an average output power may be
determ ned based upon an integration of an output froma sensor over a
period of exposure to a light signal generated by the | aser devicé&and
subsequent normalization. A "sw ng output power" as referred to herein
relates to an anount by 15 which an output power of a |aser device may
devi at e fr oino#s sFigomesthowsa bk diagtam illbstratihg g lsegtdrivel aiwuiv V82 acxotdimgtopar i od.
However, these are nerely exanples of an average output power and sw ng
out put power, ecaib@dinenoel thenk& ddiver direnipZSit nstratedvaili defenerae €0 Figores b iand 6.ed i n.
t hese respects.

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 Pave and

5 AP, according to an embodiment of the control circuit 302 described with reference to

Figure 6. Current source circuits 514 and 516 each comprise one or more digitai-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

10 skill in the art of analog circuit design.
[0046] Figure 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 Figure

6 and the laser driver circuit 522 shown in Figure 8. A DAC 516 may generate [yop as

an integer multiple of Alyop generated as follows:

15 10047} Imop = Nwmop X Almop
[0048] [n the illustrated embodiment, Nyop may be calculated as an integer from the

approximated slope efficiency Efyp. {calculated at block 412) and diamond 604 may
determine whether there has been a change to Nyop resulting from any change to
Efsiope. Diamond 604 may compare Nuop as calculated at block 602 to CurrNmop

20 which is a previously stored value of Nyop (€.g., initialized at block 404 following
reset). If Nmop has changed, block 606 may provide an updated Nmop signal as
CurrNMoo to DAC 516 to generate Iuop as an integer multiple (CurrNmop) of discrete

current increments Alpoo.

13



[ 0026} A "slope efficiency"” as referred to herein relates to a relationship
between a current 20 signal provided to a | aser device and a resulting
generated by the | aser device in response to
the current signal. For exanple, a slope efficiency may be expressed as a
change in qutput power divided by a nagnitude of a
However, this is nerely an exanple of a slope efficiency

out put power of a light signal

t he present

enbodi nent of the present

change in current signal
and enbodi nents of
invention are not limted in these respects. 6 100271 Briefly,
invention relates to a laser driver circuit to

an

provi de a ¢os49)eBincs by ieHanged t@hnp (reaulliss Bomdbatigeein M\dp) amy Chiise @hange ovi ded to

t he | aser

with the laser device may be

10

15

20

the control 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 cwrrent increments Alpjas to
place Payg withm a suitable operating range as illustrated with reference to Figure 7.

At block 606, the control logic 502 may provide signal CurrNmop as a digital control

signal to a DAC 516 to generate Iyop based upon the approximated slope efficiency

Ef; lope:

[0050] According to an embodiment, the DAC 516 may provide Imop as an integer

multiple (Nwop) of discrete current increments Almop based upon Efsggpe.

[0051] Accordingly, the DAC 516 may generate a modulation current Ipyop = CurtNmop x

Almop in response to a digital control signal from the control logic 502 to maintain a
swing output power at about the target modulation power Pygp. To maintain the
average power Payg within a suitable operating range, the current source circuit 514
may offset the output current from the DAC 518. A DAC 508 may generate a current
in response to a digital signal ANmop which represents a change in CurtNyop (updated
at block 608). Here, the DAC 508 may generate a current ANyop X Alyon. Half of
this output current from the DAC 508 may be subtracted from the output of DAC 518
to provide Ipjas using techniques known to those of ordinary skill in the art of analog

circuit design.

{0052] 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,

14
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5 determ ned based upon the changes in the bias current and changes in the
out put power. However, this is nerely an exanpl e enbodi nent and ot her
enbodi ments of the present invention are not limted in these respects.
100281 Figure-3 shows a schematic diagramof a systemto transmt in and
receive data froman optical transm ssion nmedium according to an enbodi nent
of the present 10 invention. An optical transceiver 102 may transmt or
receive optical signals 110 or 112 in an optical transm ssion nmedi umsuch as
fiber optic cabling. The optical transceiver 102 may nodul ate the
transmtted singmmgmolifiratenstesyoistuhadedo ddapt & poacwaditugiognathe ida2hiageaitsi ng t o
any optical data transm ssion format such as, for exanple, wave division
mul ti pl-exi ng Vweesehten@htiothwith&it depattitigtiiopt &Y icai@ral HMtivercondept desdribeanpl i t ude
signaling (MAS). For exanple, a transmitter portion (not shown) of the

herein. Therefore, it is intended that the present invention not be limited to the
particular embodiments disclosed, but that the invention include all embodiments

5 falling within the scope of the appended claims.
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optical transceiver 102 may enploy WDM for transmtting nultiple "lanes" of
data in the optical transm ssion nedium [00291 A physical nedi um dependent
(PMD) section 104 nmay provide circuitry, such as a transinpedance anplifier
(TIA) (not shown).and/or limting anplifier (LIA) (not 20 shown), to receive
and condi tjon @g electrical signal fromthe optical transceiver 102 in
response recei ved optical signal 112. The PMD section 104 may al so
provide to a |aser device (not shown) in the optical transceiver 102 power

froma |laser driver ﬁ&%?&%kr&?%kﬁ?&@ﬂﬂﬁgfor transmtting an optical signal
achnent

A physi cal nedidn1at? ectton 106 may include clock and data
recovery circuitr not . shown). and de 2 tiplexing circuitry (not shown)
to recover dat aaﬁ{%%xrgcn&g%uaﬁ ’%H%go %ﬁngﬁgelargﬁi chﬁsrgtd 7

a second current source circuit to generate a modulation current; and

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 mote changes in an output power of a light signal transmitted by a laser device.

2. The laser driver circuit of claim 1 , wherein the control circuit coniprises
logic coupled to the first current source to change the magnitude of the bias current to

maintain an average output power of the light signal within a predetermined range.

3. The laser driver circuit of claim 2 , 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; and
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.

4, The laser driver circuit of claim 1 , the laser driver circuit further
comprising;

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 signa) to the laser device.

16.



fromthe PMD section 104. The PMA section 106 may al so conprise nul tiplexing
circuitry (not shown) for transmtting data to the PMD section 104 in data

| anes, and a serializer/deserializer (Serdes) for serializing a parallel
data signal froma layer 2 section 108 and providing a parallel data signal
to the layer 2 sefti ohhaBsrEHEEGirapbef aim IsewVhebin dat @niplpiabit frteei ded by t he
clock and data recovery circuitry. [00301 According to an enbodi nent, the

| ayer 2 sectosmns®8 nmay conprise a nedia access control (MAC) device coupl ed

to the PVA sectiqgn_106 at.a La.d [ ce . fined | EEE

Std. 802.3ae-2003" a%qq%t?glgg??qqlk%glpﬁgﬁ@ﬁgg@,&l%ﬁ%ﬁ% ﬁ%"e%‘%/t}}é“r’ ‘Zﬁge‘gct i on 108

may conprise forward errqr correction logic and a franer to 10 transmt and
hedesgr Gy

recei ve dat SURUERYHTRG! 1€ of the Synchronous Opti cal

Net wor kf Syncl uronous Digital Hierar ch¥ (SONET) protocol as indicated in a set
of a first signal output to provide a iirst 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.

6. A system comprising:

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

a laser device adapted to be coupled to an optical transmission medium to transmit
an optical signal in the optical transmission mediumn 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 curvent source circuit to generate a bias current;

a second current source circuit to generate a modulation current; and

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.

7. The system of claim 6 | the system further comprising a SONET framer to

provide the parallel data signal.

17.



standards provided by the American National Standards Institute or
Synchronous Digital H erarchy (SDH) as indicated in a set of recommendati ons
provi ded by the International Tel ecommuni cations Union. However, these are
nmerely exanples of 15 |ayer 2 devices that may provide a parallel data signal
for transm ssion on an optical transm ssion nedium and enbodi nents of the
present invention are not limted in these respects. 10031] The | ayer 2
section 108 nmay al so be coupled to any of several input/output (1/0O systens
(not shown) for conmunication with other devices in a processing platform

20 Such an |/ O sysk em Tieeysysteml afdiajm 7oy wiexanlesystem furittter pbrepresds alawigchbus
coupled to a processing systemor a nulti-port switch fabric. The |layer 2
section 108 mﬁc@bﬁgemth@mﬂqu}mpa mul ti-port switch fabric through a

packet classifier device. However,
9. The system of claim 6 , the system further comprising an Ethemet MAC to

provide the parallel data signal at a media independent interface.

10.  Thesystem of claim 9, wherein the system further comprises a

multiplexed data bus coupled to the Ethernet MAC.

11.  The system of claim 9 | wherein the system further comprises a switch

fabric coupled to the Ethemet MAC.

12, A method comprising:
generating a bias current;
generating a modulation current;
measuring an output power of a light signal transmitted by a laser device; and
changing a magﬁimde of the modulation current based upon one or more changes

in a magnitude of the bias current and one or more changes in the output power.

13. The method of claim 12, the method further comprising changing the
magnitude of the bias current to maintain an average output power of the light signal
within a predetermined range.

14, The method of claim 13, the method further comprising;

18.



these are nerely exanples of an 1/ 0O system which may be coupled to a | ayer
device and enbodi nents of the present invention are not limted in these
respects. 8

adjusting the magnitude of the modulation current to maintain a swing power of
the laser device at about a predetermined target modulation power; and

reducing the bias curreat 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.

15.  The method of claim 12, the method further comprising:
generating a modulated current signal in response to the modulation current and a
data signal; and
combining the bias current and the modulated current signal to provide a current

signal to the laser device.

16. The method of claim 12, the method further comprising:

digitally sampling a voltage representative of the output power of the laser device;
and

providing a first digital control signal to a first current source circuit to adjust the
magnitude of the bias current; and

providing a second digital control signal to a second current source circuit to adjust

the magnitude of the modulation current.
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