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5 The subject matter disclosed herein relates to techniques used in the
transm ssion of data over an optical transm ssion nmedium 2. |Information:
Data is typically transmtted over an optical transm ssion nedium(e.g.,
fiber opti cwaabsozogys as pul ses of |ight energy generat eecihys:a04l0as@s di ode.
Such a |l aser diode is 10 typically powered by a current signal that is

nodul at ed by pul ses of encoded data in a pulse data signal. Such a pul se

data signal is typically gener BhASHRIBREIVERICIREWT synmbols transmitted in
signal periods. During a pulse period portion of each signal period, a pulse

of energy, or absence of such a pulse, can indicate a synbol val ue being

transm tt eBACKGRWOUNDe pul se period. 15 A pul se data signal is typically
characterized as having a "duty cycle" which reflects a ratio of a pul se

period to a sigRal pe[gpd in the pul se data signal. Depending on a
particular format, protocol or standard used for transmtti ng data in an
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be used to control cle of a current signal to be used in powering
a vertical cavity suirf—ﬁ@é%@%yttl ng laser (VCSEL). An output stage 14
generates a pulse data output signal in response to an i nput si gnal
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levels 25 on differential termnals coupled to the output stage 14 to affect

the duty cyeblingyps pHeespiiliglht engey eoBraRidynaectiods28eh/adasndigde is

10  typically powered by a current signal that is modulated by pulses of encoded data in a
pulse data signal. Such a pulse data signal is typically generated as a series of symbols
transmitted in signal periods. During a pulse period portion of each signal period, a pulse
of energy, or absence of such a pulse, can indicate a symbol value being transmitted
during the pulse period.

15 A pulse data signal is typically characterized as having a “duty cycle” which
reflects a ratio of a pulse period to a signal period in the pulse data signal. Depending on a
particular format, protocol or standard used for transmitting data in an opltical transmission
medium, a signal period in pulse data signal (used to modulated current signal for
powering a laser diode) is typically tailored to have a duty cycle to conform to the

20 particular format, protocol or standard.

Figure 1 shows a prior art duty cycle control circuit 10 that may be used to control
a duty cycle of a current signal to be used in powering a vertical cavity surface emitting
laser (VCSEL). An output stage 14 generates a pulse data output signal in response to an
input signal received at terminals 12. A duty cycle adjustment circuit 16 adjusts DC levels

25  on differential terminals coupled to the output stage 14 to affect the duty cycle of the pulse



data out put signal. A mark-space nonitor circuit 18 provides a voltage to an
operational anplifier 20 which is representative of a DC voltage on
differential termnals 24. A mark- space reference circuit 22 generates a
vol tage representative of a DC voltage on the differential termnals 24 at
a 100% dut ywoyobz2olesi st ances Rl and R2 may be sel ect edcrass2oodiorisgbe t he
vol tage at the output of the mark-space reference circuit 22. The divided
vol tage and out put of the mark-space nonitor circuit 18 are received at
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operational anplifier 20 is then provided to the duty cycl e adjustnent
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i nvention will descri Wi I [ 1 he. fQkl owi ng fi gures,
wherei n 11 Rk S SHER, AL Rt B A S e B O B BB he a1 ous
figures unless otherw se ecj fred. Figure 1 sho a ior art. du cycle
control ci rdgtfﬂr?n%fgte??fg%s ﬁi@t aojé)ot@glﬁy 1201 Cdfﬁ”ls‘iﬁl Cesﬁ(ﬂ‘fjg&c?ﬂ ke SSF’C%&&r r ent
signal to be used in powering a_vertical cavity surface em¢{tin 15 | aser
(VCSEL) 5 Fi deobo valfzghat the lé%@r?éfhe@wak-éwarﬁfwn% o355uif &n Ty dvdHri ¢ data i n
and receive data_froman optical transmssjon nmedium according to an
enbodi ment vektagelsad pytpdiedthe marlrspace sionite Gigrie 1 8 assessived at inpetferiiealyefagr am of
physi cal nedium attachnment (PMA) and 20 physical nedi um dependent (PMD)
sect i ons ofanapetaticnalt amzpidier 2&i Bre eyt eftheoppoatbinalpm@ifen20 sikodiresadad tof t he
system shown in Figure 3. Figure 4 shows a schematic diagramof a |aser

dri ver accoaieddutigesicie adjusemdnocirauitrio to affect the DMD1mge bh eeamivazvd. i n Fi gure 3.
Figure 5 shows a schematic diagramof a duty cycle control circuit according
to an 25 @RIEH MESCRIFTION OFIBBE FIGURES shown in Figure 4. 2

10 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.

Figure 1 shows a prior art duty cycle control circuit 10 that may be used to control
a duty cycle of a current signal to be used in powering a vertical cavity surface emitting

15 laser (VCSEL).

Figure 2 shows a schematic diagram of a system to transmit data in and receive
data from an optical transmission medium according to an embodiment of the present
invention.

Figure 3 shows a schematic diagram of physical medium attachment (PMA) and

20 physical medium dependent (PMD) sections of a data transmission system according to an
embodiment of the system shown in Figure 3.

Figure 4 shows a schematic diagram of a laser driver according to an embodiment
of the PMD section shown in Figure 3.

Figure 5 shows a schematic diagram of a duty cycle control circuit according to an

25  embodiment of the laser driver shown in Figure 4.
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WD 2005/ 020394 PCT/ US2004/ 026443 Figure 6A shows a diagramillustrating
behavior of a differential signal for generating a pulse data signal having
a duty cycle of about fifty percent according to an enbodi nent of the duty
cycle control circuit shown in Figure 5. Figure 6B shows a di agram

il lustratingvatoederg3smharacteristics of a pul se data out prar/uomiogssad in
response to the differential signal illustrated in Figure 6A. Figure 7A
shows a diagramillustrating behavior of a differential signal for
generating a pulFsaireleA sh@vsgindihgrita Vildgatthgiehivierdha diffdrerdfabiignasfort y per cent
according to an enbodi nent of the duty cycle control circuit shown in

Figure 5. FHefathtthg/dhuldRaiam s@%ndl B8 n3M duby @@Ierdifabdlﬂﬁﬁ?r?bﬂé&lt(éb@b?@iﬁgﬁﬁrﬁtl cs of a
pul se data output io signal in response to the di rential signal

il lustrat e%n&b@dfﬂeﬂ%ﬁhg é\:ty Eircgél&ﬁm%l éf&ﬁi’é@hcﬁvrﬂh‘cﬁlﬁﬁ@@t' al anplifier according
to an embodinent of the duty cycle control circuit shown in Figure 5.

Figure 9 shows ];giﬁ:é’ﬁfg&d\a% i £1ﬁ‘ﬁhf§{rat tfnﬂf?%%llla?&c?%@n&rm 1s§ﬁat§%gﬁ3{|€'5ng to

an enbodi nent o uty cy e con cir owA 1Y Igure

DETAI LE PTIO\IRf e throu th ication to "one

enbodi ngnt "Slﬁmé?fpgﬁﬁ Frg rentlﬁ%%ﬁgpﬁﬁafated gsé)”f "ar feature, structure,
or characteristi¢c descr bed n connectio th the. _enmho i's included
in at |east one %%ZA agrﬂgnlﬁ.lsggt&gt € %‘Q‘érrﬂfia&#fer%’ﬁgmgqaﬂh’

appear ances of the phr ase "in one enbodi nent” or "an enbodi nent” in various
pl aces thr&ﬁ&@hwawesdaw# hayingiaghihapyelend ot ibersentacapdingde &8 ri ng t o

the sanme enbodi nent. Furthernore, the particul ar features, structures, or
characteri mb@dlmmyoﬁibe dyrby dheepniral cirsait shewmisigwebodi nent s.
“Machi ne-readabl e" instructions as referred to herein relates to expressions
which 25 may bd&igmaddB shayed dagrandlustratingrtming clivravesisficsrof pnise datk ngtpoine or
nore | ogi cal
10  signal in response to the differential signal illustrated in Figure 7A.
Figure 8 shows a differential amplifier according to an embodiment of the duty
cycle control circuit shown in Figure 5.
Figure 9 shows a schematic diagram of an input stage amplifier according to an
embodiment of the duty cycle control circuit shown in Figure 5.
15
DETAILED DESCRIPTION
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
20 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

25  may be understood by one or more machines for performing one or more logical
3



3 WD 20051020394 PCT/ US20041026443 operations. For exanpl e,

machi ne-readabl e i nstructions nay conprise instructions which are
interpretable by a processor conpiler for executing one or nore operations
on one or nore data objects. However, this is nerely an exanpl e of

machi ne- r eadadoes/azn3sr uct i ons and enbodi ments of the prrEegarszoa4iow@st i on are
not limted in this respect. 5 "Mchi ne-readable nmediunt as referred to
herein relates to nedia capabl e of maintaining expressions which are

per cei vabl @pérticie For exaRpR, MacHiiei@sdabeafist@¥adhie nfay compHBinbtARtib@AcEEH € medi um
may conprise one or nore storage devices for storing machine- readable

i nstructi ong iMerfié@htle bysh'?ﬂ)césts&r REPilEE¥ SQSutiRYnE QPBBie%%eﬁEiQﬁ@&eon@‘%gi a such
as, for exanple, optical, nagnetic or sem conductor storage nedi a. However,

this is Merehyahore Al Ol & AGD LS iAdAh anTRdLLIbRALGHRRMT ent s of

the present 1 nventi'on are not Imted 1n thl's respect. ogic” as referred

Lo herein_f.gh gty SLFNE S LRSI Ag e  ediRLe | 00l cal
or.exanpl e, gic nmay conpri try

oper ati ons. se "crrcui ich provides one or

nore output si |.s bas upon one o i nput signal,s. Sych circuitry
may conprise a ?Iloﬁftf"ée'%e?‘i%jbée 'ﬁ%‘ﬂ%c?ﬁ rﬁ%”%fogﬁl?‘gﬁeiﬁt?fe@ medg cﬁpé@fo' nput and
provides a digital output, or_ circuitry which provides one or npre anal og
out put si gFRAIERIPIAE EERIBHIE Whish gfeperteIaBle &Y SRE PO OTepATP NS | Kt srample ic h
circuitry may be provided in an application specific integrated circuit

(ASI C) or Miashige padeplamadiBmanay-Lompape @p of FPEytorage deyices fyistorinayackindr i se
machi ne- readable instructions stored in a nmenory in conbination with

pr ocessi ng redAdalje insiryctions oatax swoh soge fevies hial sompraststiragei metia weh avns.
However, these are nerely exanples of structures which may provide |l ogic
and enbodi Hardxsmple, dphiealpmegretit or sewcvhiwrorateeageohedid. | Howevdr, ithis ishmeselyespect . A
"pul se data signal" as referred to herein relates to a signal that transmts
ener gy 10acankginge af Prabchint-ehdabRimgdheh hddembdditkrgeofdrd presenpin@éntidiyref | uct uat e

bet ween hi gh and | ow
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

15 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 memory in combination with processing circuitry to

20  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.

A “pulse data signal” as referred to herein relates to a signal that transmits energy

according a pulsed signal profile. A pulse data signal may fluctuate between high and low

25  energy states to represent information. For example, a pulse data signal may fluctuate
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25 energy states to represent information. For exanple, a pulse data signal
may fluctuate 4 WO 2005/ 020394 PCT/ US2004/ 026443 over a "signal period"

bet ween a high signal voltage and a | ow signal voltage where transitions
bet ween the high and | ow signal voltages are approximately instantaneous in
t he signal p&rioos2oim thi s exanple, pul se data signal neRCTITSA0BIHR&43 Si ngl e
bit in each signal period. In a portion of each signal period a "pul se
period" may represent a one 5 synbol (such as a "one") by a presence of a

hi gh si gnaloverad ‘sigal peribdtbepvezh athligh gigtal eolfage arakh loariknanadltage whstebol (such as
a "zero") by a presence of a | ow signal voltage signal over the pul se

period. Howeugtionstbb®&en thedighemelow sxmdIRbRszeire apukisRitedaingtahtagddat inand
enbodi ments of the present invention are not limted in these respects. A

"duty cycl ghe ﬁ%xaf e ﬂgthiscéxﬁkﬁ%l@,i puldetla@ls@al Bay@irdBmtal Hp3 b iPinkRtyeen a

duration of a signal period and a duration of pulse period of a pul se
data signalg, & [AHLY %S : e [ GR t si gna
peri od durgg?oﬁgthdt ﬁ@kkoverggﬁﬁvitﬁ%ﬁ%aﬁsgﬂ%%gfgg_Hﬁg%&n§%gﬁp%g, a duty
cycl e of. 50% i ndi cat e.f;hat_the e .period.extends over half of the
o gnal per rona el Rl Bt ob g e lBES BRSO Bt oa
ext ends over . one four of the sigpal period. 15 An "average power" of a
signal as rBf &raeys Uboh Zsrug1 S ¢ A ggy ?B‘peffﬂlée el alosiensbypltage ?‘E%@ﬁ 8Kt t ed over
a tinme period. A pulse data signal transmtting_a high signal voltage in
pul se per i dePYiss pgtiod. ¢ Jlqwsypre e arg megshpexamples of ¢ grlsgilata signaeed age power
that may vary according to a duty cycle associated with a pul se period.
Such a pul s&bgdimentsiofjfigpresemsinventiigt aot limpitedin tesarespeatshi gher aver age power
at higher duty cycles and a | ower average 20 power at |ower duty cycles.
However, this i 4 ‘Wetyalyglelas nefeanep keehavéin edatesoin aaeletiengkipbotwesen adfiraiosofgnal may
be determ ned and enbodi nents of the present invention are not limted in
t hi s rempeatsignil petibd fuet edirbtidn ofipglsapéricdofnehiBe dad signalhdr @ityicyold mbyelse t 0 a
signal that may be

expressed as percentage of the signal period duration that is covered by the pulse period.

For example, a duty cycle of 50% may indicate that the pulse period extends over half of

the signal period and a duty cycle of 25% may indicate that the pulse period extends over

one fourth of the signal period.

15 An “average power” of a signal as referred to herein relates to the average power

transmitted over a time period. A pulse data signal transmitting a high signal voltage in

pulse periods (e.g., to represent a “one”) may transmit an average power that may vary

according to a duty cycle associated with a pulse period. Such a pulse data signal, for

example, may transmit a higher average power at higher duty cycles and a lower average

20  power at lower duty cycles. However, this is merely an example of how an average power
of a signal may be determined and embodiments of the present invention are not limited in
this respect.
A “differential signal” as referred to herein relates to a signal that may be

transmitted over a pair of conducting terminals. A differential signal may comprise a

25  voltage signal having a magnitude that is modulated by information. For example, a
5



transmtted over a pair of conducting termnals. A differential signal may
conprise a 25 voltage signal having a magnitude that is nodul ated by
information. For exanple, a 5 WO 2005/020394 PCT/ US2004/ 026443 differenti al
signal may conprise a voltage signal across a pair of conducting termnals.
However, thsaeoas/eosmerely exanples of a differential sigmalueedosssnodi nents
of the present invention are not limted in these respects. Briefly,

enbodi ments of the present invention relate to a device and nethod for 5

control | i nQifflergtta sigh:G hRly @bmprisdtH votaghddi @habacibss a pai oP bordigctilBlianandiput  si gnal
maybe generated in response to an input signal where the pul se data output

si gnal comidwser, ﬁ1eséjé%5 Yne?éfﬂn?amp]_ég%f dirrével s?%rﬁf ad@aRUinsGtsdatR out put
signal nmay be adjusted based, at least in part, upon an approxi mation of

t he aver age, r&@ﬁ\:‘jﬁve%oﬁﬁ%ggf{ rﬁﬁedqﬁtt sOMLRUL signal . However, this is nerely

an exanpl e e I ment an er e od| nts are not limted in 10 these

respect s. Figur %meﬂg,ne%fhme%f Q?n%t I1eseﬁltI 1r811\>c=€ ﬁgﬁp ate tosay e%?c?at (Sg)mte{ §orp t in and

receive data from S S on - hedi v ac n enbodi ment
of the present i nventio cal. t a r 102 pay, transmt or

Fecei ve JoptooREpllins gf ‘&V&”ﬂ%‘A vt el KBS S otp RSB et um such
as fiber optic cabling. The optical transceiver 102 15 nay nodul ate the
transm ttecgeg?rgﬁqépnrfmnéﬁrt%émaw&iaéwﬂnﬁr@ thegrdsedats oyfRyhsignal PoMBREBRding  to
any optical data transm ssion format such as, for exanple, wave division

mul ti pl exi riyty eugleeTdagety catloiosthepulseifiaty puipstisiegal mOMe asustadibasedaatitast ude
signaling (MAS). For exanple, a transmtter portion (not shown) of the
optical trangemiupen allaiprmMa@mﬁfd}e avePRe povertof thepulst datagutput sigmal.e | anes" of
data in the optical transm ssion nedium 20 A physical nedi um dependent
(PVD) sect ioweh@d thimig nerely anl exampleeriiodymens aiodothsr einbodinfen(srand nat hignited irmnd/ or
limting amplifier (LIA) (not shown), to receive and condition an

el ectri gal tﬁésg@@gbed‘tg omthe optical transceiver 102 in response to the

recei ved optical signal

Figure 2 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

15 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-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.

20 A physical medium dependent (PMD) section 104 may provide circuitry, such as a
TIA (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

25  signal. A physical medium attachment (PMA) section 106 may include clock and data
6



112. The PMD section 104 may al so provide to a | aser device (not shown) in
the optical transceiver 102 power froma |aser driver circuit (not shown)
for transmtting an optical 25 signal. A physical nedium attachnent (PMQ)
section 106 may include clock and data 6 WD 2005/020394 PCT/ US2004/ 026443
recovery ci WOu00¥0203%9hot shown) and de-nul ti pl exi ng ci r cIACIIGB2¢0A0w64463hown) t o
recover data froma conditioned signal received fromthe PMD section 104.
The PMA section 106 may also conprise nultiplexing circuitry (not shown)

f or transmirt¢doverg citatity (rot sHosvnlPhid deemtitiplexing @& cuitty (it shdvan) esrecaverdaa
serializer/deserializer (Serdes) for serializing a parallel data signal 5
from a | ayédfon?a seaditioned sig@fhl asaeived Horh dieRMB spaioal 108 TEEPMASsectval 106endyhe | ayer
2 section 108 based upon a serial data signal provided by the clock and

data recovefsy cﬁl'nﬁﬁéé'rﬁlﬂb{plexﬁg Gt @of DoRh) RTBAIRIAL dath ff@thla BNEY setiGECt | ON
108 may conprise a nedia access control (NAC) deviceé coupled to the PVA

34, 802, sad BB s SRR Rl B (NEGE fonletidizA qdv%gdelfr%ﬂgati SERI
106 1Y SCOURL Sfeudi%f 491 RRGA pEOLAACHPl 8 G0t e LIPLtah fdgansm ¢ and

onous

Net wor k/ Synchr.onous I.ta T/ st andard.publ i shed by the
| nt er nat i off&1cd UPEY %ﬁ%@‘r‘%ﬁ? %5&41_'8 ladrfﬁp%ﬂj% P\Ig)ané%wery PR, étg' are nerely
exanpl es of | ayer 2 deV| ces that rovide a parallel data nal for
transni ssion on g f-an erphogdiast. g@?ylﬁge %§eﬁi§)&|1|9 aé(r?ﬂméﬁi‘?c?dp?fg% €St t he

present invention are not limted in these respects. The | a%/ 2 section
108 ray al sentrd (Mo device epupled tothe $84/0pegtion H&ﬁt/acmﬁdwpde(ppn@ ingyf¢ens (not
shown) for conmunication with other devices on a processing platform Such
an |/ O syst(did)ragefined IR Stdf&H2.3ecc2083) elause 4Gu it pthérendudidzents, hadayeodipl ed to a
processing systemor a nmulti-port switch fabric. The layer 2 section 108 may
al so be1020 seaiopll88map campridetforwaed ¢rrcs\wotreriiofi ddgid andtatframeqto tsanpmitlkkad
classification device. However, these are nerely exanples of an 1/0 system
whi ch may hecebeudpia@bedrdingtd AyesiorlofiBy § ah@Acus Optical Network/Synchronous

Digital Hierarchy (SONET/SDH) standard published by the International

Telecommunications Union (ITU). However, these are merely examples of layer 2

devices that may provide a parallel data signal for transmission on an optical transmission

15 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/O)

systems (not shown) for communication with other devices on 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

20  coupled to a multi-port switch fabric through a packet classification 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

25  may comprise devices providing a 10 Gigabit Ethernet Attachment Unit Interface (XAUTI)
7



enbodi nents of the present invention are not limted in these respects. The
| ayer 2 device 108 may al so be coupled to the PMA section 106 by a

backpl ane interface (not shown) over a printed circuit board. Such a

backpl ane interface 25 may conprise devices providing a 10 G gabit Ethernet
At tachnment Wi f003/020mface (XAU) 7 WO 2005/ 020394 PCT/ we20G4d09854483 as
provided in | EEE Std. 802. 3ae-2002, clause 47. In other enbodi nents, such a
backpl ane interface nay conprise any one of several versions of the System

Packet | ntagpfoaiied (SIREE 8. 883382000 ¢lalkees 70Th bthat erhtjdanéfs, wadhkd ng Forum
(O F). However, these are nerely exanples of a backplane interface to

coupl e a | ay&iplahe RN rﬂas)_camFM% 2B 9 ehd me%rﬁ%rsﬁiﬁ@@ﬂih%EEt&n%cﬁehe present
invention are not limted in these respects. Figure 3 shows a schematic

di agram of 1@ §Y348Pn ggﬁ)ﬁ'ﬁlgd by ﬁl@%&:alq%ﬁe&%rﬁﬂgﬁgﬁﬂf(@ﬂﬁg f}gﬁegtelf, £fege an

optical transm ssion nedi umacco ng to an enbodi ment 0 syst em shown

n Fi cal ) X . g
transoit - ant iR RbERes b AOREAMSCARE  BURI] 27D RS AEMAEARE 101 or o
detector. to

ection 214.t0 receive an optical. signal 212 fromthe optical

transm ssi &R ﬁ@bﬁ’(ﬁ?ﬁeﬁ ﬁ'ﬂgﬁ"e Bﬁ’fﬁng IYERHOR g 1oL @5’[“?% H‘gtg‘isﬁ R§C Y onpri se one or
nor e phot odi ode .é,not ,Shown) for —converting t g recei ve?i optical signal 212
to one or more LigER 3 HHOHF asthsmarie d@&faaleofarsasg?ra fo toytEpnmit daiacn ﬁ‘ﬂgdance
anplifier/limting anplifier (TIAJLIA) circuit 220. A laser driver «circuit
222 may nodedeiiedlats feam areentical tpngmissiammpdiumasensiag ta 3 enbedimens phhal from a
PMA 15 section 232. A |aser device 208 may then nodul ate and power the
transmi t t edysigmishedn indiigma?. An0piics! ransprives 802 comprisesalaserrdevise gofalo 216.
Figure 4 shows a schematic diagramof a |aser driver 300 according to an
enbodi nent tmhsrihen éidalssigrial 20 is hovptidahtrdnisgissien Shedat andragphotvedeteetoei ved from a
PMA section at an input anplifier 302 as a stream of binary synbols such as
"ones" mnd s@@lion2e4 Sreleivduh dpititdl ignS\21D Glosh thewyptival iexnemesisn thediung The- | evel
signal. Aretinmer circuit 304

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 transimpedance amplifier/limiting amplifier (TIA/LIA) circuit 220. A laser driver

circuit 222 may modulate a current signal 216 in response to a data signal from a PMA

15  section 232. A laser device 208 may then modulate and power the transmitted optical
signal 210 in response to the current signal 216.
Figure 4 shows a schematic diagram of a laser driver 300 according to an
embodiment of the PMD section shown in Figure 3. Data may be received from a PMA
section at an input amplifier 302 as a stream of binary symbols such as “ones” and
20  “zeros.” The binary symbols may be expressed as a bi-level signal. A retimer circuit 304

may adjust the temporal spacing of the binary symbols in response to a clock signal. A

duty cycle control circuit 306 may provide a pulse data output signal to an amplifier 308 in

response to the retimed binary stream. While input amplifier 302 and retimer circuit 304

are indicated as being part of a PMD section, it should be recognized that such an input

25  amplifier and retimer circuit may be provided in a PMA section coupled to a PMD section
8



may adjust the tenporal spacing of the binary synbols in response to a clock
signal. A duty cycle control circuit 306 may provide a pul se data out put
signal to an anplifier 308 in response to the retinmed binary stream Wile
input anplifier 302 and retinmer circuit 304 are indicated as being part of
a PMD secti g 2008/0295paul d be recogni zed that such an i npueCc1r26s200mpkésss er and
retimer circuit may be provided in a PMA section coupled to a PVD section 8
WO 2005/ 020394 PCT/ US2004/ 026443 including a laser driver circuit. An

out put st adfcledihg bl laberdtRen@tuid AM odiPubstapdlcirgilt 3 K @NAprotide a lrdt signdl s er

di ode 314 in response to an anplified pul se data out put signal fromthe

anplifier 30feaddier AG&ET 4URRRPSRE td AVRAPIfE pulfe MitASutpMIS[RAL fr@chendul at i on
current determined froman output power control circuit 312. 5 Figure 5

shows a sc mtti%:P%(%% Q[?g lgagé&fgoﬁ sglfé\ﬁéﬁ%lcz{ ﬁa&%&‘?‘{é‘dzw‘%@%ﬁ Hfepccording to

an enbodi ment” o er driver shown in uty cycle control

circuit 400deteg%¥1e9§roﬁnoz{nrge&}u% R r%ln l%il_glﬁ{eglgonductor device or nultiple

sem conductor devi ces. ernatively, uty cycle control circuit 400
may i nclude one

r re "of f-chip". co nent s iC r.e | ed £t o devices
formed in a semPg%ngétEO@Fs acfgk'ﬁn&aéll.g er%"gﬁ%ﬁ%% %08{}?‘2%%f‘f5t%@?°08rdmgnar y
synbol streamfrom.a retiner circuit at input termnals, an anplifi 402
may gener at'8 aﬁe’é‘g‘? ”é‘F%trﬂfitgﬁa Bl veg shqwiin K igyrs ) %EF:I&%FW congp ”ﬁ&’lté&il% and
410. A hard limting circuit or limting anplifier 404 may generate a pul se
data out putmay kpfarmeshn aginglese@irondiictar devigen multinle sprpicprdiiston daviees. t he
differential voltage Va - Vb. A current steering device 406 nay affect the
duty cycl e Alterndtiwelyuthe dutpgyele mtmhcir@ﬁt@ﬁaunawnwgmngr merecioftraduy” f r om or
adding current to the output termnals 408 (drawi ng or adding current ia)
and 410 (drawipogenty whidldangowpied terievices)fornkedrin @ xemjsbmducton devdes: rlandspatseer i ng
device 406 may cause a "current skew' in which the current steering device
draws am anmuedeipdbf £hbindrg Bymbdl steanofremalitiér diretinhtiaput4éthinls, 4d Smplifitr adds t he

drawn current to the other output termnal. However, this is nerely an
exanpl e of 4mvnd gehérhatdiffdreftial VtafeW,ed VBYorbéutput terminals 408 and 410. A
hard limiting circuit or limiting amplifier 404 may generate a pulse data output signal on
differential terminals 414 in response to the differential voltage V, - Vy. A current
steering device 406 may affect the duty cycle of the pulse data output signal by drawing
15  current from or adding current to the output terminals 408 (drawing or adding current i,)
and 410 (drawing or adding current ip). For example, the current steering device 406 may
cause a “current skew” in which the current steering device draws an amount of current
from one output terminal 408 or 410 and adds the drawn current to the other output
terminal. However, this is merely an example of how a current steering device may be
20 used to adjust a duty cycle of a pulse data output signal and embodiments of the present
invention are not limited in this respect.
Figures 6A through 7B illustrate how the current steering device 406 may affect
the duty cycle of the pulse data output signal by adding current to or drawing current from

the terminals 408 and 410 according to embodiments of the duty cycle control circuit 400.

25 A binary symbol (e.g., a “one” or “zero”) may be transmitted during each signal period .
9
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20 used to adjust a duty cycle of a pul se data output signal and enbodi nents
of the present inventi on are not limted in this respect. Figures 6A
through 7B illustrate how the current steering device 406 nmay affect the
duty cycle of the pul se data output signal by adding current to or draw ng
current frowmo fobs208m nals 408 and 410 accordi ng to enlpediusesus6ais t he duty
cycle control circuit 400. 25 A binary synbol (e.g., a "one" or "zero") my
be transmitted during each signal period r. 9 W 2005/020394

PCT/ US2004 ¥32GdthRcity, @fwifl b Rsfdell Yhat & binkyl“ond8s 9§§%Jﬁﬁﬁnﬁtlf@ton%agﬂ daday "one’ 1s

being transmtted on each signal period ti such that the hard Iimting

circuit 40 . oh Si | [ . riod in
each si gnal%eggcﬁ gﬁﬂg{a@ﬁg&g@;@%}lg l:ls ouﬁog%g%g%éée{?gp %%(f lélﬁg‘{&%éi@lrr{eﬁgm of

bi nary signal s ,may . ri.se rand i xed ‘one’.and “zerq" ol s.. The
Cengt b of g SreSE BRbESafd REARLY HsEH 8RR Sracb Pl AT ted by
the duratign that Va - Vb exceeds, a threshgld vol t,age, V. I.h respopse to a
bi nar'y. oy bR s R SIPIRG AHTL RO CTopibaors. SRERF T TPt Ao
limting circuit 404 may generate a set high signal voltage on_termnals
414 wherr V.pulsepgridirithipa signglpeaedbmay befstergunegdy ths durtionghatdhowd a di agram
illustrating behavior of a differential signal across the [0 term nals 408
and 410 f orexepsdes dirgshejd xolagesb insasponse tprealiinavavymipl of teney deyrg the smbmbout
fifty percent. The current steering device 406 may set is and ib such that
V. - Vb exgeBdbr.t Aecorditglpdiand linitiog taget 404 noyeenahte atsetaglt sigifal véleags bgnal
period ¢ in response to a "one," resulting in a pulse period that extends

over half téisdigaialwheard,0dvy exaedds b éigedhbidi@ltage W, duty cycle of about fifty
percent. Figure 6B illustrates the timng of a pul se data output signal

generated 15 i nFigRsPEAsROWQ diﬁgi‘arﬂiilhfsﬂﬁtﬁlgtﬂeﬁdvi&iog_B@iffeiréﬂti'dﬁsti%ﬂl &flods thefi gur e
6A. A pul se period extends over '/2 r during which the pul se data out put

signal has tambhauddi A0ako ¥RlbRYSingH: pufé @hta s3gal Ha@iﬂ?ia'ahﬁ'%y[?l@ro&" higut Bty t he
signal period, the pul se data output signal drops To a’l ow signal Vol tage

VL. percent. The current steering device 406 may set i, and i, such that V, — V}, exceeds the

threshold voltage V, over about half of the signal period t in response to a “one,” resulting
in a pulse period that extends over half the signal period t and resulting in a duty cycle of
about fifty percent. Figure 6B illustrates the timing of a pulse data output signal generated
15 inresponse to the differential signal illustrated in Figure 6A. A pulse period extends over
. 1 during which the pulse data output signal has a high signal voltage Vy. Over the
remaining portion of the signal period, the pulse data output signal drops to a low signal
voltage V..
Figure 7A shows a diagram illustrating behavior of a differential signal for
20  generating a pulse data signal having a duty cycle of about sixty percent. The current
steering device 406 may set i, and i, such that V, ~ Vj exceeds the threshold voltage V,
over about sixty percent of the signal period T in response to a “one,” resulting in a pulse
period that extends over half the signal period t and resulting in a duty cycle of about sixty
percent. Figure 7B illustrates the timing of a pulse data output signal generated in

25  response to the differential signal illustrated in Figure 7A. A pulse period extends over
10



Figure 7A shows a diagramillustrating behavior of a differential signal for
20 generating a pul se data signal having a duty cycle of about sixty
percent. The current steering device 406 may set is and ib such that Va -
Vb exceeds the threshold voltage V. over about sixty percent of the signal
period ti i womepamossa to a "one,"” resulting in a pul se pEVTNGH4l0baL3 ext ends
over half the signal period ti and resulting in a duty cycle of about sixty
percent. Figure 7B illustrates the timng of a pul se data output signal

gener at ed ik 22rihEFRRANR JuleldhB oﬁfﬁf%gﬁ[‘ﬁésaalhigi g@{@h vhitdoBSA @veFhbn Figure
7A. A pul se period extends over 0 2005/ 020394 PCT/US2004/ 026443 0. 6t

during whi ¢b,1ih@. BHSR o?'?x%?(r%gé’igxi@f‘f&d,ﬁiegig@s!ed %%1 uhéi%fblgil PRl a MRIigge VH Over

the remaining porftion o gnal riod, e puls ata out put signal

drops to a \/Joﬁxggls\b,g i']f%hgul}flooletuﬁge?stytg‘d th{;ttFiQJ}?sL%]%vqchﬁﬁ‘ﬂ%%érte&?ﬂus%ét Fi gures 6A

t hrough 7B nrer Strate exanples~o e current steering device

por cont , - aiititmg ol G Futent ferBaliuf Bkt ol BT BB ) oyl

to be less than fifty percent or greater than sixty percent. AccqQrding to an
enbodi mént fiflyRereeniand sixbspesesnt agd %@Vﬁ%@%hstﬁwgrdé@ﬁ%ﬁ% gy adjpst aﬁ oxi mat i on
of the average power of the pulse data output signal provided on termnals
414. | n t heype éskalessyhan fifipspereenter sseais thamstrty pareenf.s assumed that the pul se
data output 10 signal may transmt either a "one" or "zero" wth equal

| i kel i hood. Accdcdirdigyq ardembadiment, thedusrenirieering devicedlp rsdygmspongytrdnod, t he
pul se data out put signal may be at the high signal voltage or the | ow

si gnal vol tappreximatibn effhahvdrigegloivendafdhe pulgh datasougnit sighal prgvidetlioa terdilrialsray
receive the pul se data output signal and provide a differential voltage to

i nverting amg. Boe plessnell illudgated Brboditér] iDRaSsueed aliht GRGYuRE deaaltpanpl i fier
416. 15 A capacitor 422 may be coupled to a first input termnal of the

currentyest %%vnhmay HRNIARIAREG “BRG APz Wi edual MdNRbodfAdBRIRRE UatihOnal
anplifier 416. The capacitor 422 nmay receive and integrate an anplified
signal fr O'Pu}sg ﬁel‘?(ﬂlt d?l%yts%gfiﬂéﬂl)d, e ﬂ'ulfk% dgﬁ%ruﬁ}u{ le?ajl may be at the high signal
voltage or the low signal voltage with equal likelihood. A differential amplifier 412 may
receive the pulse data output signal and provide a differential voltage to inverting and non-
inverting input terminals of an operational amplifier 416.
15 A capacitor 422 may be coupled to a first input terminal of the current steering
device 406 and an output terminal of the operational amplifier 416. The capacitor 422
may receive and integrate an amplified signal from the output terminal of the operational
amplifier 416 to maintain a voltage at the first input terminal of the current steering device
406 that represents the average power approximation (i.e., of the pulse data output signal).
20  Inresponse to a difference between a voltage at the first input terminal and a reference
voltage Vs at a second input terminal of the current steering device 406, the current
steering device 406 may adjust the currents i, and i, to adjust or maintain the duty cycle of
the pulse data output signal as described above.

According to an embodiment, the capacitor 422 may be sized to stabilize the loop

25  based upon a maximum frequency associated with the pulse data output signal (e.g., up to
11
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anplifier 416 to maintain a voltage at the first input termnal of the
current steering device 406 that represents the average power approxinmation
(i.e., of the pulse data output signal). 20 In response to a difference
between a voltage at the first input termnal and a reference voltage V, ef
at a secondwopoi/oz®mam nal of the current steering devi ®ETARA040bE4TUN I ent
steering device 406 may adjust the currents is and ib to adjust or maintain
the duty cycle of the pulse data output signal as described above.

Accor di ng t10, 20no€Iv0@sHaABRY). AHfiEoRaA ke tacifor 220y BE cipledido t cuteix | 1 ze the
| oop 25 based upon a maxi mum frequency associated with the pul se data

out put  si gnglerihEddrice 408 ahPoperdtioldP aAHHRELABII4n E@Eﬁy%%%ﬁ6926443 10, 40 or
100 gigahertz). Additionall'y, the capacitor 422 nmay be coupled to the
current steeri [ 4 b 1 fil of f-chip
capacitor. Accor Icﬂ-gfﬁkgc?%nn%@%?n%%o@38%§eéﬁ%%§egl%sei%)ga 1@%}9%6 used to
all ocate a__r.esi e bet a | t age.source VOQ .angd..output t i nal s of
Che ai 11 or ARUTAIE LANER £ BBty e PR HB R P R PR b B "
gain of the. differential anplifier 412 nay_.be jpcreased. aqr creased,

causi ng °a c4&§'r E¥ﬁ3ﬁﬂ$?‘?§pf’ﬁg&§%§‘g 4Bt %%*F’éég@e pﬁﬁqug%p[@ﬁ%ﬂ%p@(%eded to the
current steering device 406 fromthe operational anplifier 416. Wile the
duty cycl e 1B@eaSEPT depieases cauting wesrresRonding ircgease ordesieass i theaaltagmduct or
device, in one enbodinent, the potentioneter 418 may conprise an off-chip
devi ce t hatprergedde theGurranfisteeting devicetd96 &pmahe onerasiodaltapnpifier 41 6o fWhikedheul se

out put data signal. Figure 8 shows a differential anplifier 500 according to
an enbodi neluty gycletcortroldirtdie¢@dmayaie fampddiifi r einglé s@mehnductar deHigy i ene5. The
differential anplifier 500 may receive a pulse data output signal as a

di ff er ent i amboigreat, tlegptendometer HiBsmayt @nprisdirsoféthip devied thhtansy 06 and 508,
and provide a differential output signal (e.g., to operational anmplifier

416) at10l5 RAHuRI sek B dFFeBiRhS i) Qyad sk tBOgulsd dutpik Ak Bighdlve embodi nents of a
differential anplifier, the pulse data output signal may be received at

base term nals @fgfd PHURYs aldifehtR MSiffek 98 ScBQing to an embodiment of the

differential amplifier 412 shown in Figure 5. The differential amplifier 500 may receive a
pulse data output signal as a differential signal applied to base terminals of transistors 506
and 508, and provide a differential output signal (e.g., to operational amplifier 416) at

15  output terminals 502 and 504. In alternative embodiments of a differential amplifier, the
pulse data output signal may be received at base terminals of bipolar transistors providing
an output voltage at differential output terminals. Regardless of whether field effect
transistors or bipolar transistors are used to form the differential amplifier 412, the
transistors may be formed to respond to the pulse data output signal at the intended

20  operating frequencies (e.g., 10, 40 or 100 gigahertz) to enable accurate approximation of
the average power at capacitor 422.

Resistances R; and R, may represent resistances allocated between the voltage

source V. and each of the output terminals 502 and 504 to affect the gain of the
differential amplifier 500. For example, a potentiometer (e.g., potentiometer 418) may be

25  settable to allocate a total resistance of Rt (where R; + R; = Ry in the presently illustrated
12
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an out put voltage at differential output term nals. Regardl ess of whether
field effect transistors or bipolar transistors are used to formthe
differential anplifier 412, the transistors nay be fornmed to respond to the
pul se data output signal at the intended 20 operating frequencies (e.g., 10,
40 or 100 gwyeives/a2nd94t 0 enabl e accurate approxi mati on ofPCTIURR0@INRGIAHE power
at capacitor 422. Resistances R and R2 nmay represent resistances all ocated
bet ween the voltage source V,, and each of the output term nals 502 and 504
to affect tdnthogdiment)detviche thedioftigerserice ¥l andphdhidfetie duliiht tdn@maR®sB0RhE, a
potentioneter (e.g., potentioneter 418) nmay be 25 settable to allocate a

total resi sgpanqermihalfdf thivibdl fesBtante Remay BichibR chiifedo@S@Rbdpbndihy Yebiitat ed 12
WO 2005/ 020394 PCT/ US2004/ 026443 enbodlnent) bet ween the vol tage source VcO

and each ofyel e QpiHeY Lffetr(gﬁl?o 1%55@?2 #Ghe Irﬁy%rtlo%%{e%@ﬂa? b@betfai t4 Ot al

resi stance RT may eac to a cor espondlng out put ternlnal of t he

differenti osﬁ)in?kﬂef\)oﬁé%%ourcg{’d a F?ocg (;nebn%weeg% it naf's otr{?ey tIQ%?F_FgF n 1E h e t ot al

position the vo Ve LA

resi stance RT. ws .a sche i G dla a ut.. stage

fpl 116 600 ad i HW&SQ% R BT aPP AES o Pl BRI P Per 402

shown in Figur gpg ferenti al g} I nput s%gna may.. be receive at base
terminals c?F”’Hl%B F‘t? siapyisties 2pbiier 492 s ig (E%’ﬁ?jérc«fAx diffesertiabdda of a tail
current |I. across resistors R and provide the voltages Va and Vb on

di f f er ent i dPPW§igpUmAYdeFpeisiest base tprming]siof bipole fransisters APhendo04d® cendyct410) .

Current sources 10 606 and 608 may nodel currents is and ib which are
cont rol | ed teytians ef & tailcurrent 44 aseqsh registadel iandpuoile the volteges MirrnéNbonon term nal s

408 and 410 as descri bed above. In the currently illustrated enbodi nent,
the tail cuiffemttial outpwytersgdalsieqh diffiaéntiahterminals 408 arskdW).(Cureent sowgces i b) does
not exceed the tail current |I.. Wiile there has been illustrated and

descri bgd v4u8tan@ 668 RELMOBd] lcHrr&RdS akkel, @thidchardeontrdBedbsatip b@ranihiogingent s of t he
present invention, it wll be understood by those skilled in
device 406 to skew currents on terminals 408 and 410 as described above. In the currently
illustrated embodiment, the tail current I, may set such that the current skew (i.e., i, - iv)
does not exceed the tail current I,.
While there has been illustrated and described what are presently considered to be
15 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 modifications
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
20 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 the appended

claims.

13



the art that various other nodifications nmay be made, and equi val ents may be
substituted, wthout departing fromthe true scope of the invention.

Addi tionally, many nodifications nay be nade to adapt a particul ar
situation to the teachings of the present invention w thout departing from
t he central Wprowsmee39+€ concept descri bed herein. Ther ef oPET/US2004/8262G | nt ended
that the present invention not be limted to the particul ar enbodi nents

di scl osed, but that the invention include all enbodinments falling within

t he scope @LAIMS appended clainms. 13 WO 2005/ 020394 PCT/ US2004/ 026443
CLAIMS What is clainmed is: 1. Alaser driver circuit conprising: an input
stage to recei vihahisiciipdédsi gnal; 5 a limting anplifier to generate a pul se
data output signal in response to the input signal, the pul se data output

signal conprising a fyidr WGk Bira@ttoRPliAkg: Stage to modulate an out put
current signal based upon the pul se data  output signal; and a duty cycle

control circuit of the pul se data output signal

lo based, at Iegiﬁm@%ﬁ%%g%ﬁkggegﬁﬁ'%%&%??nation of an average power of the

pul se data output. .signal.. 2. The |ase river circuit of clajm.1 _wherein

Phe Tnpat st anat RS ARRUGeR o gthee Fiss i HibuCufrGhin esdonst (Bt o

circuit of»clgi@%l, wherein the jnput, stage generates a differential signal
e

on first aft§" RS dai3 PHBYISIE0g| SoMPEsing AR 9Pl i ng anplifier, and

wherein the duty cycle control circuit conprises a current steering circuit
to apply an an output stage to modulate an output current signal based upon the pulse data

output signal; and
a duty cycle control circuit to control the duty cycle of the pulse data output signal

10  based, at least in part, on an approximation of an average power of the pulse data output

signal.
2. The laser driver circuit of claim 1, wherein the input signal comprises a bi-
level signal.
15
3. The laser driver circuit of claim 1, wherein the input stage generates a

differential signal on first and second terminals coupled to the limiting amplifier, and
wherein the duty cycle control circuit comprises a current steering circuit to apply an
offset current to at least one of the first and second terminals in response to the

20  approximation of the average power of the pulse data output signal.

4. The laser driver circuit of claim 1, wherein the duty cycle control circuit
further comprises a potentiometer settable to adjust the duty cycle of the pulse data output

signal.

25
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offset current to at | east one of the first and second termnals in response
to the 20 approxi mati on of the average power of the pul se data out put
signal. 4. The laser driver circuit of claiml, wherein the duty cycle
control circuit further conprises a potentioneter settable to adjust the
duty cycle oWO20e5/03089¢e data out put signal. 25 14 WO 200%/T0350%9/426443

PCT/ US2004/ 026443 5. The laser driver circuit of claim4, wherein the duty
cycle control circuit further conprises a differential anplifier to generate
a differential véltag®hehsdridristr candt ofstimAdwhearim thadgy cpcle espohsiecuito t he
pul se data output signal, and wherein the potentioneter is coupled to the
di fferenti alfurgh¥ptorhiprives b diftbedneialBniptifiar tbgs ieBdten diffebaitiabe@ikage bn fint iRlge source
and at | east one of the first and second termnals to affect the

di fferenti algecqy@ kérﬁagﬁls 1§re ?&%C lt@tﬁ@f)ulgéda‘t’da&utﬁdt LigHAll arif witdréth fRe>, Wherein the
potentioneter is settable al l ocate a resistance coupl ed between the

vol Lage, s0ur 66808 AS Rofied Ol by Al SRR R i ideS, MBS befrecta™! NOC

conpri si ng: recel ving an 1 nput si n |nput age; generatl ng, at a

Si gnal | “tha Bl 0T sl?%ﬂﬁ%aafo%s.ogﬁlﬁ B PR s B RS E b i o, o

an output stage, an output current signal based upon the pul se data output
signal ; and'® a8ont r ol | | ng, at a duty cycle control circuit, the duty cycle
of the pulse data output signal based, at |least in part, upon an

approxi mati on of the average power

6. The laser driver circuit of claim 5, wherein the potentiometer is settable to
allocate a resistance coupled between the voltage source and each of the first and second

10  terminals.
7. A method comprising:
receiving an input signal at an input stage;
generating, at a limiting amplifier, a pulse data output signal in response to
the input signal, the pulse data output signal comprising a duty cycle;
modulating, at an output stage, an output current signal based upon the

pulse data output signal; and
15

controlling, at a duty cycle control circuit, the duty cycle of the pulse data
output signal based, at least in part, upon an approximation of the average power

of the pulse data output signal.
8. The method of claim 7, wherein the method further comprises:
generating a differential signal on first and second terminals in response to the
20  input signal; and
applying an offset current to at least one of the first and second terminals in

response to the approximation of the average power of the pulse data output signal.

9. The method of claim 7, wherein the method further comprises setting a

25  potentiometer to adjust the duty cycle of the pulse data output signal.
' 15



of the pul se data output signal. 8. The method of claim7, wherein the

nmet hod further conprises: generating a differential signal on first and
second termnals in response to the 20 input signal; and applying an offset
current to at |east one of the first and second termnals in response to

t he appr oxi wabhhem263bs t Nhe average power of the pul se dat couspwiosignal . 9.
The nmethod of claim7, wherein the nethod further conprises setting a 25
potentionmeter to adjust the duty cycle of the pul se data output signal. 15
WD 2005/ 020394 PCTI US2004/ 026443 10. The method of claim9, wherein the
met hod further conprises: generating a differential voltage on first and

second term nal §0‘i n T}%erée{ﬁ%f%ftec?aiﬁl@ewhgﬂélnstﬁe ggﬁgdﬁg%ggéo\ﬂrg&al ; and 5 setting

the potentioneter to a résistance we age source and at
| east one of the first second termnals to affect the differential
Vol tage 10, ThECHEAREA T erE Tl Yhiaes SUr R 1 nd R ERIE FPOeR BBnpr f ses
setting the 8tenti oneter to allocate a resistance coupled between the
vol t age SOQPEE ﬁﬁﬂu@gﬁ%{4a?‘ﬁe to first and second ternminals. 12. A system
conprising: a serializer to provide a serial data signal in response to a
paral | el5 data sPejiieg the gotprtiosiete ée dtamineAreaistancs bekvesh aypliagesenrghanditi cal
transm ssion nediumto transmt 15 an optical signal in the optical
t ransmi ssi deastangiofi theifirstrand pasosbterminals taaffestithe diffgremtial voltdgea | aser dnver
circuit conprising: an input stage to receive an input signal; a limting
anplifier to generate a pul se data output signal in response to the input
signal, the pul se data output signal conprising a duty cycle;
11.  The method of claim 10, wherein the method further comprises setting the
potentiometer to allocate a resistance coupled between the voltage source and each of the

10  first and second terminals.

12. 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 transmission medium to transmit
15 an optical signal in the optical transmission medium in response to a current signal; and
a laser driver circuit comprising:
an input stage to receive an input signal;
a limiting amplifier to generate a pulse data output signal in response to the
input signal, the pulse data output signal comprising a duty cycle;
20 an output stage to modulate the current signal based upon the pulse data
output signal; and
a duty cycle adjustment circuit to adjust the duty cycle of the pulse data
output signal based, at least in part, on an approximation of an average power of
the pulse data output signal.
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20 an output stage to nodul ate the current signal based upon the pul se data
out put signal; and a duty cycle adjustnent circuit to adjust the duty cycle
of the pul se data output signal based, at least in part, on an

approxi mati on of an average power of the pulse data output signal. 25 16 WO
2005/ 020394wBGQH¢s2e094/ 026443 13. The system of cl ai m PLr/ush@49¥34Em
further conprising a SONET franmer to provide the parallel data signal. 14.
The system of claim 13, wherein the system further conprises a switch 5

fabric coupled 49 theysSONER §f iR, the systhefise! @Mpehing bAONEBfrah&8o Sy St em
further conprising an Ethernet MAC to provide the parallel data signal at a

medi a inde%ﬁ&ﬁ&%e-ﬁﬁﬁ&fﬂ&%i 30 16. The system of claim 15, wherein the
t con%rlses A Bl ¢

syst em f ur tther i pl exed data bus coupled to the Ethernet
MAC. 17. The system of claim 15, wherein the system further conprises a
switch fabric coupled to the Ethernet MAC. 15 17

14.  The system of claim 13, wherein the system further comprises a switch

5  fabric coupled to the SONET framer.

15.  The system of claim 13, the system further comprising an Ethernet MAC to

provide the parallel data signal at a media independent interface.

10 16.  The system of claim 15, wherein the system further comprises a

multiplexed data bus coupled to the Ethernet MAC.

17.  The system of claim 15, wherein the system further comprises a switch
fabric coupled to the Ethernet MAC.
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