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LASER DRI VER CI RCU T BACKGROUND 1. Field: The subject

matter disclosed herein relates to techni ques used in
woOheostoeezrsmi ssi on of data over an optical tranBaTASRMA026443

medium 2. Information : Data is typically transmtted

over an optical transm ssion nedium (e.g., fiber optic

cabling) as pul sesyalSHR BRIVERECTRCYAREr ated by a

| aser diode. Such a | aser diode I1s typically powered

by a current signal that is nodul ated by pul ses of
BACHKECREAGpt @ in a pul se data signal. Such a pulse data

SI ghal 1s typi cally generated as a series of synbols

smit _in signal periods. During a pul se period
r ‘ion ach signal period a pul se of energy, or
absence of such can_indicate a synbol val ue

bei Hep %ubm%mt%réas‘?éfaﬁaii h@retrh‘f@ atRs|ta émb@xqu@ﬁjuse i thedgansmission
data signal is typically characterized as having a

of dathever ey optacal ihississiesf medium. a rati o of a pul se period
to a signal period in the pul se data signal. Dependi ng
on & parkhif@iagionf or mat, protocol or standard used for
transmitting data in an optical transmni ssion nmedium a

si gpbath @Slbicﬁﬂ?f kBndMtiS@ o vt ad optieH) HandHR§6n hf%dﬂﬁ’&j{él AL 86br optic

current Signal for powering a | aser diode)

cabi %@' a%g)his}és Bﬁhéﬁ%fe gggeﬁb%{tg Q‘ﬂ&s& 81%?& esl',ic 18 r‘&ﬁdﬁ‘eﬁg

or S andar
shows or art dut cIe con C|rcu it t
WP‘B@%B%‘H“?@X&&PFSW Sés%h%twada Sy Gl dien @ﬁ&ﬁtae%a
be used in powering a vertical cavity surface emtting
pulsegoég signabsBugh a ppisodatp signaiagwicelly gerrspiad asa serjng|of symbols
data out put signal in response to an input signa
transeuttidviedigatl peziods.nBhgng 2 pulée deriod mortidreobehich sigmeleriod, a pulse
circuit 16 adjustsDC | evels
of energy, or absence of such a pulse, can indicate a symbol value being transmitted
during the pulse period.

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 optical 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
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

on differential terminals coupled to the output stage 14 to affect the duty cycle of the pulse
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on differential termnals coupled to the output stage
14 to affect the duty cycle of the pul sedata out put

WO 200522039 mar k- space nonitor circuit provi desPar/us2004/026443
voltage to an operational anplifier 20 which is
representative of a DC voltage on differenti al

datd Sﬁtghtns"i‘érﬁd.zﬂ&-mﬁ“k- LRGSR CREGE f@ﬁl%vf?deﬁ %L%f.igitagezto an operational

generates a vol t age representative of a vol tage on

t hffenential ter.nnal 9% G
omplilfer 0 R o3t R Dol By ML erR . A e
vol tage at the_output of the mark-space_reference
spags ERIACEECUTRE SR igeE VORALE AERICSRE IR péam’roelfaﬁs on the
_mark-space nonitor circuit are received at jnput
diffegentiplfaingingls 24 8t & peQ%tdubraiclea disisistanses BbandrRa nythsiselected to
of the operational anplifier 20 is then provided to
divideehaludlinge yrcthe oaghutisf thre ntarlcbpace rdfeteacadifanitt22t Mghedyided
vol tage on termnals 24. BRI EF DESCRI PTI ON OF THE

volfabShiRESutpevilthdinbikoghasd thoRRe- iR U S laky/ R cENBPSH iR t&mfhals of

the present invention will be described with reference
; , , A .
o SR SRR 0, 0L o AR B FRE 0SBy provied o

foi I h ' ified.. Fi 1 sh
e S A 8 LI BT e Sy B0, 2
to control a duty cycle of a current signal to be used
BRIEF I RHGTION EF@F@UW surface enitting |aser

(VCSEL). Figure 2 shows a schematic diagramof a .
sy siNemlinuting anvsrintexgiatshive embadimentseifitee prgsent irviemiemwill be
optical transm ssion nedium according to an enbodi nment

desexfibddheitipfeisrende to fivefollowing figupes @hSreihidvsrefersitie@micrats refer to
di agram of physical nmedium attachnment (PMA) and

likdR¥R teBligoRd tHevadis Reneesd ullEMh s Rikispasnial a data
transm sSion system according to an enbodi nent of the

S o B 04U, IR AT cono

of the PMD section shown in Figure 3. . . e
a duty cyae o? a curren% signal toli)e useci 1r1]1 pov&%%ng a vertical cavity surface emitting

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
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

embodiment of the laser driver shown in Figure 4.
2
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Figure 5 shows a schematic diagramof a duty cycle

control circuit according to an enbodi nent of the
woaswsro2aviver shown in Figure 4. Figure 6A showBC&US2004/026443

diagramillustrating behavior of a differential signa

for generating a pul se data signal having a duty cycle

th %%6& i dws Q«ﬁﬁ%r@ﬁltﬂlﬁﬁfa@ihg ibBsvit TR RfT&eRlidTBhallor
e

uty cycle con circurt shown in Figure 5.
sl e 8 B 0 ) ﬂéﬁ‘%? By Gy R of Bhor ity e according to an
onse. to.the |ff nt|a Si il stratedln

em}?‘?‘%ﬁ?@ Koe gty gy e‘?% 8%u1£8h(§’wgﬂpzfﬁ$q? ustrating
behaV| or_of a differential nal for nerating
pul BigugeLBshovsdiagragy 1H58t@tla&gwlwehaéacg¢rlsa%®ﬁa@il%t data output
percent according to an enbodi nent of the duty cycle
sigmad it responst tathe wdifdrontial sign#iijustated. in Figyue 6A7B shows a
diagramillustrating timng characteristics of a pulse
dat Bigotet U Eh@isgndibgram il8s0Ag ®cliavidrivf adiifféresnti igahl for
signal illustrated in Figure . Figure 8 shows a

gen@faftifqg heRide @htaasmal hivelg /8691HE18 %f HRoRBix %g{?ég;eéﬂwwor&hg to an

uty cycle control circuit shown in ure

emﬁ;d%ﬁ DU S B Sy RGOS, P! ctage
0

the duty cycle
rcuit homn n Fi.gure.5. DETAI
2%@11 P AiRoRsraiaste llvﬁt@ugﬁ Haing ﬂ}aga%eﬁéep% plapyles dagg output

_"one enbodlnentf or "an enbodi ment" neans that a

sigigd int Teepnae t6 Ggdiffeentip pigaalufestraged i Kiguse ¥ Ari sti c
descri bed in connection with the enbodi nent is
i ncFigded showata difasttia nspéfiboaticoeiig wofantdndodiress of the duty
invention. Thus, the appearances of the phrase "in one

cycRIdumetoNE it sﬁbwn@fﬂF%ﬁi‘mﬂl nment"” in various places
t hroughout this specification are not necessarily all

r efﬁ%ﬁfs@sh%grsta@ghéﬁﬂﬁ (ﬁ%ﬁiﬂ'o@f@mn u’t:%%ar a@%& ackdMing to an

particul ar features ctures or o teristics
embod¥mer?t o(‘f?hnbéu% gyéler:] Sl AredlPenowa IR %‘dgure Qt S

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 oﬁe embodiment of the present invention. Thus, the
appearances of the phrase “in one embodiment” or “an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in one
or more embodiments.

“Machine-readable” instructions as referred to herein relates to expressions which

may be understood by one or more machines for performing one or more logical
3
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"Machi ne-readabl e" instructions as referred to herein

relates to expressions which may be understood by one
wonrotsoeesomachi nes for perform ng one or nore PCT/US2004/026443

| ogi cal operations. For exanple, machi ne-readabl e

i nstructions may conprise instructions which are

opetdHoBS PE&! Al nadhiRE - PERBBIR inHRABWdsGhay QmRiEe GiktiubGons which
one or nore opérations on one or nore data objects.

. e ' o ; e |
ore FEUBIEHIG b DrdcRoAEESHIATOCNBERISE S o BERS Berb R e o
are nqt. limted in this respect. " hi ne-rea | e .
mofkafiid octs HaF Svr st R R FETLe B At s b peions

of mai ntaini ng expressions which are_ perceivable by
andgmibodimensy f the eraseridnvenien asedyepligited ihiisiesect eadabl e

medi um may conpri se one or nore storage devices for

st oiNadhineachdabde madiabi” as refstreditotiepsis relatesitt mediSuapable of

storage devices nmay conprise storage nedia such as,
maih@finif¥ axirbSiond Mhicedre peRENEDIE by @he SEMoLOMAIGHER! For example, a

storage nedia. However, this is nerely an exanple of a

maMeQ@aﬁ@ﬁ@@iﬁhﬁnﬁﬁf%ﬁ%ﬁ%e erhRd H&%%é d¥icdd¥er RbRRERachine-

Invention are not 11m in this respect. "Logic" as

reac?)aﬁ)ieei{r)lét%?%itrogs If;re&a%. Jc%ls?otraggsel c%e 1Sc%§ rgl(l;é?rtcgl)[l(lgﬁi% ob[,et?l‘%%% fén?eghrgﬁ?lgh as,

e ogi¢al oper

conpr.i se circuitry which ovi des one qr re out put

for gx F=§P88%1e’a‘la%?f‘6’?‘/i % ﬁ%m’GPIQ fog SF%i‘ﬁ?tm%‘ﬁﬁnggg'.eV@u&“Fﬁ is merely
circuitry may conprise a finite state nmachine which

an gxepwises machigg-readablopadivarandmndhadireentoithg pregent invention are
output, or circuitry which provides one or nore anal og

not diuntifedtin giigregpext.i n response to one or nore anal og i nput
signals. Such circuitry may be provided in an

apphidead’ia@ RefeREF 1ol Hebeih RIIROE B Behcid fod pbrfbMith&bn®br more logical
field programmabl e gate array (FPGA). Al so, logic nay

ope%@fégé.;f& éﬁﬁlﬁ_l)e;] gorgt?cflggy %M&?%ﬁ&tcﬁféﬁ . g clp R)rv?cfés io;f/le t@g more output

In Co processing circultr

. _execute such nmachi ne-readahl e i nstructions. However,.
sigt e BT e s it geng SRR ok Hite state
provi de | ogi c and enbodi nents of the present invention
madlyige Which recgiviee a digitat lpyt andgyevides 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
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

energy states to represent information. For example, a pulse data signal may fluctuate
4
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A "pul se data signal" as referred to herein relates to

a signal that transmts energy according a pul sed
weoigisakozgof il e. A pul se data signal may fl uct BETAIS2004/026443

bet ween hi gh and | ow energy states to represent

i nformation. For exanple, a pulse data signal may

ovek b YSiEHARAYE! bédwes HRBh sfg%ﬁ]! RifagOSIICRIV gt 901180 ORiRdre

vol tage and a | ow si gnaI vol tage where transitions

trarﬁﬁfo‘ﬁ@ﬁ&w’e@r? }@ % e t an gggﬂigte%z?ﬂeta Xi rﬁa[tgly.mséant?neous in

approxrnate Yo

exa se, dat nal rans
th it BT B R oo PG e R AT il S e
period a "pulse period" may represent a gne synbo
SIgI(aé petiedsing postinn 9f eggh sigpaloseind a “prlsangiodh raygharesent a one
vol tage pul se over the pul se period and anot her synbol
synfteli tuclass a“sred) by ) ptegerme pf e highowgmd veltdgewulse gweart the pulse period
vol tage signal over the pul se period. However, these
andanethee§yehbol €uRiRk 8 $z&@b”)byipresndabba Bivosighal &Bliage signal over
enbodi nents of the present invention are not limted

the :Qﬁlsé BESKL. T GRRRSES thle a%é’re é%dafnpléé%f b @LRE Hed sﬁ%ﬁlal and

erein relates td a relatio shlp bet ween a dur on of

em@od?fn% { % %&%gnﬁ%ﬂge&%ag%e%ot %{1}1 119 H{gﬁe re@% c'tSOd of a

e expressed as

per Nt age of th per od dur IS
Fei CIF{wéS e B@Preaare RG5O é%%ﬁ{d hlpgbeawrvi ¢upgon of
of 5096nay I ndicate that the pul se period extends over
2 sifgal peod arkka durgtien ofiadseceriad of a pulse gate pignal. ok dpeoeyeigymay be
i ndicate that the pul se period extends over one fourth
expodssédas peraqgniake pLthe aignaliperiod\daraige theoweedverdd bty the gulaé period.
as referred to herein relates to the average power
Forlex@mpll 4 HEE cQ¥ielof 30% fi®y PeidaRGhatAhdpillsepdiRidaxsdnds aler half of
transmtti ng a high signal voltage in puI se periods

the (sl‘gnﬂ rpen&@ ah&R ﬁ&@%&%le‘}g gg? gmépl MRYcald BAS t‘g ul@?}é@r‘i’(ﬁf &8nds over

at nm to a

Ci ed W t pul se peri od Such a puI se data
one PR P Setel ot

may transmt a hi gher average
power at h| gher duty cycl es and | ower _aver age

at MBuieragshpwey cofgksignag Werré?rredttﬁ rlgrerlsrer?é%etpyheawerage power

exanpl e of how an average power of a signal may be _
trangmitéadravieea timegednbo A pydsstdatagfigrah trapmeitimgta higlh sighalomltage in

are not limted 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
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

voltage signal having a magnitude that is modulated by information. For example, a
5
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this respect. A "differential signal" as referred to
herein relates to a signal that may be transmtted
wowvers/ao39ai r of conducting term nals. A differeariuakoos/026443
signal may conprise a voltage signal having a
magni tude that is nodul ated by information. For
difR¥ARRI GenaltHal/ (cBhPREE 2kotdodRfnalRYoss QPRI ¥R oRdMAE &dfinals.
signal acros$S a pair of conducting term nals. However,
o . P : .
Ho R an B TR o SAANE, B Bireinflyl SALEM Ahosifief o
in these respects. Briefly, enbodinents of the present
PreseRy SO 378 ngt @mttt-‘)‘? in BetrEwedig et hod for
controlling a duty cycle of .a pulse data signal. A
pul Beelyeatbodiments of %}ﬁ BreseRiynsatigrRbHte fey device andyaetbad for
to an input signal where the pul se data output signha
contohiprg ssdgy aydedfa pylst data Figeald ut yulsy/ddte output $ignad mayde
data out put signal may be adjusted based, at |east in

genedtéd indppdnS toARARBIE isiBRALE WHerd thetJisealaty @gputRM@l cahprises a
the pul se data output signal. However, this is nerely

dut§ Ry &% 2TRE Guis ORI TR pkdatiaf HESut STERARCIAR BE 8djR5tEd Bed, at least
m?i%?ted %nmﬁﬁgse res&écts? ﬁ?gﬁfe shgis aJschematicz1 oA
. di_agram of sysikem rapnsm t i celV t
in g b e oS E b e MBI Do AR g R
enbodj nent of the present invention, An optical P
Hop T 565 1 a1eralts $0 SxyplF SHOAFIMEG aq<-Qibph ambsiginep are not limited in
signals O or 2 in an optical transm ssion nmedi um such
theggsreppagtsr opti c cabling. The optical transceiver 102
may nodul ate the transnmitted signal O or denodul ate
t heFigamel steivsad Whahaticldagramarfdisystedo anaysmiptin aad redeivadata
transm ssion format such as, for exanple, wave _
frofhl Al opties] thbihisBiof phdduMay@ir 8RS tdarflénbsdiRBnt B the PleSotit Ng
(WDM' or nulti-anplitude signaling (MAS). For exanple,
inventhdn@S{™S tfc%&ta%ﬁ%éib&nl&'}ﬁ%y 24l )or%ceti\%eoﬁﬁﬁﬂ s‘}%ﬂals 110 0r 112
may enpl o t ttin

Slli
transceil ver for trans

——)

i R SR o B T o0 o BRRE o ger 102
ma}rprar}/odﬁlra?g tihg ?rag;r{ﬁ%tléii tsirg¥151 151%00? dgriogulate 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.

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

signal. A physical medium attachment (PMA) section 106 may include clock and data
6
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TIA (not shown) and/or limting anplifier (LIA) (not

shown), to receive and condition an electrical signal
wonasoém4 opti cal transceiver 102 in response POTHISE004/026443

recei ved optical signal 12. The PMD section 104 may

al so provide to a | aser device (not shown) in the

recOREY 6Rduifry AR QI?derﬁran& QE-rAwElexi ?Qiﬁ:ﬁtﬂy%ﬁ@crsh%h ®'recover data

circuit (not shown) for transmfting an optica

fro%%?{%lé}lo@edgpggﬁ 41 & e1J5§‘filé)ﬂ?1h@tPtl\@]5 *&Q&{bh I(OBM(})heWA' ?&10?&@6 may

arecovery circuitr

shown) an e-mul ti r ho
alsq e natﬂtlﬂleﬂns sk (et E SRty ?raﬁ%élﬁ%é%tav&?ﬂ? PHR section
t he PMD section 104. The PMA section 106 may als
104cig elptai 1aresnand 4 gsrializanglesariabigar(Perdesider @hl@hmg ﬁ@@rallel data signal
transmtting data to the PVD section 104 in data
fromaneger 2aactiicn H8randlpraedihg eperallal datesighBdo tdedpydrdrsection 108
serializing a parallel data signal froma |ayer 2
basé&apdrNscHaBdan dighal prddddibbyathp @lozk lagll dekatrécovbgadeutts .
the layer 2 section 108 based upon a serial data

Si 9R&lor@heYd Qt?éimpé/dlﬁll%ﬁt fHeQ&g:r andciial ﬁ)Srrﬁ&}pé’cﬁﬁ}}hse a medla access

circuitry. According to an di nent, the |ayer

congrég{l\{:lg@a ég%l £ %poe%[r\;ﬁ E esrﬁ?&g?&%g?ndgwg‘?erface
(Mfé{]dec%%gggg@fzgtﬁzgo o z%auw Erh% el imgnip.ghe fayer 2

| ayer 2 section 108 may conprise forward error

secert HScmpy pomnpiggeciormyatd grrpy epreaction lagicanshy framerdo tvapeniy end
data according to a version of the Synchronous Opti cal

recéiet daia kéByding tomoersiobiof iHealynthrenewsobytida BN BByhchronous
standard published by the International

Digltal Hfé@dfew(mmﬁssm@mﬂaﬂpﬁwlshehlmn@rmelhmﬁﬁl are

merely exanples of l'ayer 2 devices that may provide a

Tel c%%rhﬁrﬁ&atf%ﬁ& ‘&‘In?d fﬁ&wé{eﬁg “rglé'ér?::a?]é{ eg\y %}?ﬂnﬁ&t 6&?%& 2

ansn1SS|on ne ‘and e rese
Se TES ects.

on are not h

covigE Bt P pROROT Do 1@1 ShEiaL{r danupisang opn QBG“@# fftission

i.nput/output (I/0) systens (not shown) for
mediini SBbQURONS Oh (S EReSTIBVATIES 2ErIct ligpitseldg Sheggrespects.

platform Such an 1/0 system may include, for exanple,

a nlhelppiréxssdtient @8 bagalsobp b@d)ltthtoamEMS@@gil rmgauslysupehﬁl/O)

or a multi-port switch fabric. The layer 2 section 108
systeaig (Adthowe) 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
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

may comprise devices providing a 10 Gigabit Ethernet Attachment Unit Interface (XAUI)
7
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coupled to a nulti-port switch fabric through a packet

classification device. However, these are nerely
wexensprew4 of an 1/ O system whi ch may be coupl eBCTMWS2004/026443

| ayer 2 device and enbodi nents of the present

invention are not limted in these respects. The | ayer

as pro¥iavd GEIEHIS SERR0RBEQ2602, 6RUR £ ThQtHid emBYinRRe! b a
106 by a backplane interface (not shown) over a

bacRBlaht fifferflck o oNYRC oy T PRGN AAR dIIMELIAEH PR
tondglolr8 T3 B ctisg by S DRAEE hﬁ%gﬁ‘ﬁwﬁ E‘ﬁ%ﬂgﬁl}*)mﬂﬂ%@ﬂ these

such a backpl ane interface may conprise any one
are gusyely granples phy Backplapg imntesface dopppdkelayeid deviegte a(@ﬂﬁ) section
as defined by the Optical Internetworking Forum (O F).
andronidaments hEthe pegsentripyanltipn escannp ligstedfin thebarkpdctane
interface to couple a |layer 2 device to a PVMA section

andrigukaishmentaschémithadipfreseit sisear) es trafienif@ita in and
limted in these respects. Figure 3 shows a schematic

recéli884i8 @‘1‘09{ anaop?)éﬁf ﬁiﬁsgﬁ)&otn%f(ﬁﬁ’tﬂ%%&d gtté ah BnBBfiment of the

receive data froman optical transm sSion ne |um

sys 8{3&{0%5\9 Fié.lré‘ﬁ %ri[lb 1c£ﬁ%1s eflvetr BS%g%% L4 ral'igser d%wfe 208 to

opti ca transcel ver

deV|ce to smt an optical a
trarp 48D lt"%aﬁ‘%ﬁj SO Bl ranasio fﬂé{l‘gé Plpto detector
section 214 to receive an optical signal 212 fromthe
sectes 2 kblo reecaysar epdicalsignsdl? Lihiromiibe ppidnabtransuissienr medium. The
section 214 nmay conprise one or nore phot odi odes (not
phosd detedtorf @cticrodiAemby ogmptie aneoe nweel plogodiodds (aoigrhatvn fc?
to one or nore electrical signals to be provided to a

conlyErHINE tERESNEERTRI difna@ 12 t0érel st ncdBRlebfricqT signbllF¥olHeArovided
circuit 220. A'laser driver circuit 222 may m)dul ate a

o BTSSP SR 0% e
B kA T S Dkl o
o R Ao s B s

Data may be received froma PVA
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
“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 t(; 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

amplifier and retimer circuit may be provided in a PMA section coupled to a PMD section
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section at an input anplifier 302 as a stream of

bi nary synbols such as "ones" and "zeros." The binary
weoeynisoheomay be expressed as a bi-|evel signal PCAUS2004/026443

retimer circuit 304 nmay adjust the tenporal spacing of

the binary synbols in response to a clock signal. A

incRMing £MEdr AricONtircalt. Ainr St sﬁ?;@ cHEMt ProaMhysrodideWl Gfrent signal to
data out put signal to an anplifier 308 i'n response to

' ) 3 . : : oy
a1 B A B AL o 0 TR G 3P
. ection, it shoul e recogni zed .t hat .such an
e OB PPt el 0 BT B SRRy TR it
a PVA section coupled to a PMD sectionincluding a
deterzyagd fom g oubiuf peiver copolgitoyiid 13t age circuit 310 may
provide a current signal to drive a |aser diode 4 in
r eshignees showan sahgrhatic diagrpmlofe dost eyctetoptrol sirguitaA00facoording
the anplifier 308, and based upon set levels for a

to dai edgbodithért F thngberddidrahbwn iCBigud, Tiet @utircide corteoncabuit 400
out put power control circuit 312. Figure 5 shows a

may 68 & Beli$n leﬁigfeas@r?gcfonﬁu&b'ﬁ Jevickdr SmfORE k&thichhdrctbl dedREs.

according to an enbodi ment of the |aser driver shown
i = I, | i r | 73 0e

Alcpilaliie dong b S SHEHEAGPIN Rlehlechi b iy ReoB
sem conduct or devices, Alternatively, the duty cycle

CORARERTS IWq‘é‘? T P?upﬁ%fﬁtoré&ylcr%ﬁfqrwa 1iHth B0 B’r'dBYng-ciﬂ Lgsponse
conmponents which are coupled to devices formed in a )

to reeaiptcd adiary yraleslistream [ont Egbiores sirewt ptdaputperngnalg an amplifier
bi nary synbol streamfroma retimer circuit at input

402 meyrpereiae a diffeaerpial foleage {U2amby,)garet@att éerminals 408 and 410. A
differential voltage (V and Vb) on output term nals

hard GéhigmElcifelit or AinliBh €l ampRfidri 409 ndyr Enblatedd piklbdidth BEtput signal on
anplifier 404 may generate a pul se data output signa

: j1f ent iyal ; ' ' ta,t
dlftgfépﬂél tgﬁﬁlﬁglF ) i t%gﬁg@ﬁ%ﬁk@gﬂfﬁé;@g{ﬁg@%?ﬁlﬁ & N€curre

erentral vo g device 6

may affe t he ty,cycle of e | sg. dat a out put .
steftl p1cf ISRt iy s g RikeaRirg M it brparawing
the_ out put _termnals 408 (drawing or adding current i .
curseng famor gdige sUreRy to Fhe e eravnaleid (dpywing oF agdingpyreent i)
the current steering device 406 nay cause a "current
andsld@v(dramang i astdingraurisnt iple fifor skaraplentye davent stegringdedee 406 may
amount of current
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
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.

A binary symbol (e.g., a “one” or “zero”) may be transmitted during each signal period .
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fromone output term nal 408 or 410 and adds the drawn
current to the other output termnal. However, this is
worowslogozam exanpl e of how a current steering degras200a926443
be used to adjust a duty cycle of a pul se data out put
signal and enbodi ments of the present invention are
FolY@hplidify, itepi11iHe dsflired tﬁ%%\etﬁhar%r Fbgi8 BeiBf taRERHGR of Bach signal
illustrate how the current steering device 406 may
fof f j .
perfid G5 LAPUE Rl BHRIE Byl 264 RS e R UM oSV oRARY curing
term nal s. 408 and 410 according to, e di ments of the
the g PRyt i CORFIBH LETPE G HORGU KB B vBgsFaiged fat §Sream of
. a "one' or "zero") nmay be transnitted dyring each
binagycsighalsgasy epmprissgandongp mised \pney andyzero”sy J g length of a
that a binary "one" is being transmtted on each
pulsd pprskd vodhin edignakperiodttmady bendetdraninbd bynthe dagption theat Ve, ~ Vi,
404 may generate a high signal voltage during the
excBedssethhdla G olthgecAcTh r8dpdngd toREihaY symbblQPEYEE’” duirtng the symbol
shoul d be understood that a stream of binary signals
gAY, CIBF iy N1ARY it i G 40208y LRt
per cgﬁg_g}(, ¥ngdBirtRHl éowﬂtﬁgigﬁ ate_Zaeé'e%’FlgFeéEghggﬁ%ltage on

The | engt a pul se perio a signha
na term ngd b he. dur at.i that V - exceeds a
te@#@?ﬁéﬁﬁwgo "‘t_gg © Fﬁiiq tggegfgﬁlgggpaogea Bi nary synbol of

"oneg" during the synmbol perjod t. . Accordjngly, hard

Iinf‘lgp’i?ggAtF e & diadga ygt&élﬁggshaéﬂ%r of gdi ?raﬁ%[ istgmal across the

voltage on termnals 414 when V - exceeds a threshol d
termmats&%& agd 41¢-foy geacsiing hpwse date siggaldving adity aydlegf about fifty

behavior of a differential signal across the termnals
perddB. Thelcwtidht beerigedeici406anay feul, sed dasuah gagVal- Waskicegls the

a duty cycle of about fifty percent. The current

thrc%h@l@r\ﬁoﬁﬁl%éj‘?(\,/ b aBOG HAFOI HRS siéna%ﬁ&i&k’tci'ﬂ bfRhsboa “one,” resulting
exceeds the threshold voltage over about half of the

i %F%%J%@? Fliaag_gi‘"ﬁ%? B B! ﬁegf?”fﬁ%‘ fé?%fﬂa% B gt of
sbolt PR AP SR JiiE 6B yiilss i Gofetis bR gl ignalsonerated

. data output. signal .generated in_response to the

in ramomf@ﬁl?@ diffessngabyignal ilipstratad anFigaret AyuAerubsg pepog grigads over
peri od extends over t during which the pul se data

72 alwripg twhi¢hgthalpulsa datahiutput siggal dlas @ bighasgmidl vol@gerVi. Hever 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
generating a pulse data signal having a duty cycle of about sixty percent. The current
steering device 406 may set i, and iy such that V, — V,, 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

response to the differential signal illustrated in Figure 7A. A pulse period extends over
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remai ni ng portion of the signal period, the pulse data

out put signal drops to a | ow signal voltage Figure 7A
wehaesm2es9di agram il |l ustrating behavior of a PCT/US2004/026443

differential signal for generating a pul se data signa

having a duty cycle of about sixty percent. The
0.6 hieh BRMIUNG HEBVd St 48aIBY a3B88h iR doRMEV L heber\he

- exceeds the threshold voltage V over about™ sixty

BB Bl f B BOBOBECEL O oA, G3POBRR 000

Si | _peri t and resulting i duty cycl about
voigpdly pebeulbe welgaioad i e udithal ey flosfelg
pul se data output signal generated in response to the
exagiples of Bavithe cuteghsieering deyice 406 anayradiysya daty zaclefo pa pkabout
peri od extends over0. 6t during which the pul se data
fiftopdrpertt asd gimgyt peneent,anfiitigit thei aynzht sterringglevivel40@ueay atjust a duty
remai ni ng portion of the signal period, the pulse data

cycRUb by less iR fiyisdfmt bOgrdateOias btRapervaptt age VL It
shoul d be understood that Figures 6A through 7B nerely

||| ST BBE PP gﬁt, B Wb LT Blyisd 264 f;ng%éésyﬁc% an

406 may a%Just a duty cycle to
rrent

er.cent Si xt ercent, and that the c .
appRgFiin Tk Attt ehR R 5o rE a3t Sigbi g op teppinats
than fift ercent or _greater than sixt ercent .
414pdp rﬁ%j@% ﬂ&ﬁtré%salib%%imep@mé awmesﬁleaﬁfee@ﬂ%éta output
devi ce 406 nmay respond to an approxi mation of the
signal mey fenpoiheithafa ‘ohe” eniizere” deitheequal JpelihgdGnAtcopdinglydédering a
on termnals 414. In the presently illustrated
pulserpeeidd or by sighaliperiad Suepalsé Gad otifpat Pghe enagdicant dethyigh signal
signal may transmt either a "one" or "zero" wth

voltggdiad thh 1dsebichACRita e R AR diRylikelinddtl AOdiffeRiAligOARAIHePd12 may
on any signal period, the pul se data output signal nay

ey LRGP REA O AR PGS PR LB o on-
. amplifier 412 y recej.ve. the .pul dat a out put si gnal
inveljihe pgl fegmingls i on aperatond sBlifeiE S o i nverting and
noni nverting i nput term nals of an operational )
anmph Pma@rtom%é may bagpapiadde afist ingif tesaniga) @f fheurgnigsteering
first input termnal 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).
In response to a difference between a voltage at the first input terminal and a reference
voltage Virat a second input terminal of the current steering device 406, the current
steering device 406 may adjust the currents i, and iy, 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

based upon a maximum frequency associated with the pulse data output signal (e.g., up to
11
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devi ce 406 and an output term nal of the operationa

anplifier 416. The capacitor 422 may recei ve and
wonvesgreve an anplified signal fromthe out put PCEUS2WAI026443

of the operational anplifier 416 to maintain a voltage

at the first input termnal of the current steering

10,46\0r 460 4 h&@zﬁ)t Ad@ﬁfo?ﬁl%n ke éé@ﬁmﬁ%aﬁﬁ%y%%ﬁ}tﬂed to the current

appr oxi mat i on he pulse data outpu S|gnﬁ
f tt
el EREI el na%rﬁﬂﬁf‘fer SEERRh A Lo e

second i nput ter of the.curreni. steering deyice

30 CEtRUB b i DA Bient o HBUTRE DL REy DHSLD ol pEe a

currents i and to adjust or maintain the duty cycle of
resistiacqatweeriay eltaga spree Yigiiglouiit eainajsnddhedisfpeential amplifier

According to an enbodi nent, the capacitor 422 may be
41% i Besktting the abtehtiameteh41 4, dmrgah'meﬁtﬁie diftnerdiahaxplifien412 may be
frequency associated with the pul se data out put signa
incfe@sed-or d@&e&éé&,osauﬁng B cbREspBhdiab efidrélkse of\dsbrdds® Aadhb Yoltidee

capacitor 422 may be coupled to the current steering

proqul @cﬁth@ QbrrafdRRRE atvionad ﬂ&ﬁlthé gﬂatﬁgmmr 416. While the

I'p capaci tor: Accor ing to enbo
to allocate i stanc

dutﬁ&f@ég%n B buitdd BRY pRfortiRi b SuBle bt RoRafebr ke Be
i BER Biesoin aater § Frigh FhmHiss oGt alegice tapt may be

anpllfler 412 may be increased or decreased, causing a

maglly sspendieeighe d@tb'@asle of theqwdsesmtmit datassigmals ol t age
provided to the current steering device 406 fromthe
opeFigtitedhshiowa ralifférertial 4iplifivhs 0 0eadctelinghiio yan @yriblodiment of the
control circuit 400 may be formed in a single

diffeRMtSIOMEBIRTP 1 1 2 §M0vifin FifureBE THRIOE BRI ambiBer 500 may receive a
pot enti ometer 418 nay conprise an off-chip device that

pul atngu 1Hal ¥ ac‘&itffe}e%tl f SGH 2 }hﬁ dy Xsecré(l‘fﬁlﬁalgt)f ERRistors 506
Do g éﬁ g1

data s

o S AL, BT s B %%ﬁfet%ﬁal%”n@rﬂﬁ%"%?& at

The dlfferentlal anpllfler O nay receive a pul
outpitterminaly no2 andy i 1 alternative @nkaditngnts of ¢ Aiferensisl arénhﬁfa, the

base termnals of transistors 506 and 508, and provide
pulse diitd dwpeirsigral meybp wecebiedabbas¢ éerguinaly of ‘ttimialaﬂramismrs providing

anplifier 416) at
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
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

settable to allocate a total resistance of Rt (where R; + R, = Ry in the presently illustrated
12
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output termnals 502 and 504. In alternative

enbodi nents of a differential anplifier, the pul se
wdav@/euput signal may be received at base tePaTmaR®@4/026443

of bipolar transistors providing an output voltage at

differential output term nals. Regardless of whether

embé@idnt bE®fkn EHean?t!agé BV, Bhd @Jtc‘ﬁrofttﬁea&ﬁ%ﬁtt%ﬁnﬁﬁ €02 and
used to formthe differential anplifier

504, r?&ﬁ#&ﬁ?5ﬁhw%19§%£t%c%?%nﬁa§a&%ﬁ A1 uﬂlg’di haec&yéségncﬁl?é gutput

era r'equenci es
ten%wa?sﬁérﬁﬁ%ffesw?r e e el ﬁ%%%aéggﬁ%ﬁ spablo o

Resi stances and may represent resi stances all ocated
posiiéanibe Hoktags spwice Yyeatadoeation berypgn desarinady of the tejelirpsistance Rr.
termnals 502 and 504 to affect the gain of the
di f Fignerf} shmiwsargohérhater digom dfan igpuhspeamplifier 600 according to
potenti onmeter (e.g., potentioneter 418) may be
an &abddifkeat dfehainl F@mé@ atnpliFle 0T siowaliaMeares. (ABigfetontiardata
in the presently illustratedenbodi nent) between the

mpMPélérﬁg tha$ Y rrgc%l% A Bgseer 8k of Pff:of%i" hBistb 8 T60h ARk %O? gﬁconduct

504. "Term nal s of the tot resrstance nay ea
d
R S PRSP Py B
dlfr"é%a?qufﬁpe%&é"r%'é%f b areae e %@%m«f s Eapreat serrces

igure 9 shows a schematic diagram of an input stage
60€aaﬁ§ﬂ G0Binagy BOdel suentslitgdiovhinh aremotiraked biothecheentrsfreting
stage anplifier 402 shown in Figure 5. A differential
devilzt 40 6ito pketw surgemad onmeyminalsrdd8 endt d 1 @bs dasgbddeatvivaalsthe turrently
bi pol ar transistors 602 and 604 to conduct portions of

illudtrdted émBotiiment the tAE E@Snt 1.88hP§R sdchRhANHe BirfdHt Gl@ev& he., la - ip)
vol tages V and on differential out put termnals (e.g

dm%S%fé& &%@g%mf&ﬁﬂhPﬁls 408 and 410). Current sources

may nmod€l currents i and which are

cor PR 555 s e HEPE R d b B el D080 o be

In_the currentléplllustrated enmbodi nent, the tail
exagiplg @Rbodimaaty of the pieRept ipKentionnis wall e émerstrz@@dox rh0ée skifled in

- does not exceed the tail current |
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
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.
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Wil e there has been illustrated and descri bed what

are presently considered to be exanpl e enbodi nents of
woheospre®ent i nvention, it will be understood BgTHISZ®E/026443

skilled in the art that various other nodifications

may be made, and equival ents may be substituted,
cprvieut departing fromthe true scope of the

I nvention. Additionally, many nodifications nay be

mad .adapt .a particular situation to the teachings

of ?ﬁépgﬁgggﬁg%Tnvention wi t hout departing fromthe

cen#ral igventLve concept described herein. Therefore,

it ts i ntepfbdiYHACPREOBPELBS: i nvention not be

limted to the particul ar enbodi nents di scl osed, but

t hatn WRBt Staepda TPty e andnpitsigark enbodi ments fal ling

wWithin the scope of the appended clai nms. CLAIMS What is

cl aa hedtingsampliffer t@agarerale b pelse data output signgdrin séspgnseadm the input
~input stage to receive an input signal; a limting
sigddIthe biiRé dite ogpuetigha compking adatydcyew; put signal in

response to the input signal, the pul se data out put

sig Y [PTTI Y l.e: :

moct ol BRTRIEs St Bl o e ] Bk B blsp gao
oud fa ortgﬁt signal; and a duty cycle control circuit

Py #8f the duty cycle of the pul se data out put

signal based, at least in part, on an approximtion of .

an AWy syelesenes! creuit frequtiol the dutvcysin %ﬁ e pylghdata optput signal

The | aser driver circuit of claiml1, wherein the input
basgd, g dfastan pprti enean appbddieeddn ef agrevierags powheof the pulse dite entput

circuit of claim1, wherein the input stage generates
sigmaldi fferential signal on first and second termnals

coupled to the limting anplifier, and

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

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.
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wherein the duty cycle control circuit conprises a
current steering circuit to apply an offset current to
wanods@aev4 one of the first and second term nal BCTHS2004/026443
response to the approxi mati on of the average power of
the pul se data output signal. 4. The |aser driver
CIrgui t 9he k& dAvér AR et e vildicin SXChE (g;fe[bt {)oﬂﬁol circuit
circuit further conprises a potentioneter séttable to
' t | t put
furl Ahorkd 08 o ok FAF i er O BoRABE SR Brdi YBlRee gniat e
the duty. cycle control cirgcuit further c rises a
seogfd feBREglS TFCSRARAeI P i Pulss Giaiainal and Sgken
vol tage on first and second termnals in response to
poteiomyiersis conled touthpdiffesingakamplified tovieiemiine 8 ksistance between a
potentionmeter is coupled to the differential anplifier
voltage deree anda least e cfitthafisst et seeend @rminhisdgaffeciuhe diffarehtial
at least one of the first and second termnals to
volggkect the differential voltage. 6. The laser driver
circuit of claim5, wherein the potentioneter is
settable to allocate a resistance coupl ed between the
vol t age source and each of the first and second

t er m nal . et hod..c tising. generagi ul s

dat® out ik 85 ghiE iR RS PlersfiThE fienligfial i faple o

pul se data.out put, signal conprising a duty cycle;
allqcgigiarssipiangg qonBled betyveey dheevolipes srargs Andecagh phihg dirggnd second

signal based, at least in part, upon an approximation
terminalshe aver age power of the pul se data output signal.

8. The method of claim7, wherein the nmethod further

conprises: generating a differential signal on first

and second termnals in response to the input signal;

and; appl Xim@h&Ncdtifri@g: current to at | east one of the
first and second termnals in

generating a pulse data output signal in response to an input signal, the pulse data
output signal comprising a duty cycle;
controlling 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
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

potentiometer to adjust the duty cycle of the pulse data output signal.
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response to the approximati on of the average power of
the pul se data output signal. 9. The nethod of claim
W@ 20080204 n t he nmethod further conprises setti RQTAIS2004/026443
potentiometer to adjust the duty cycle of the pul se
data out put signal.. The nethod of claim9, wherein
the nmethod further conprises: generating a
di fferenti al voItage on first and second termnals in

respgns eTflé)mEﬁ)t%d %'f’ @%ﬁer%ﬂlt Y Enefﬂo%qﬁtther%%g%)? vvet i ng

t he potenti one et erm ne resistance en a

voItaesour and at | east eof the filr
s eckira EEHnEnEy YapEi Rba prarbruT afs poiesage to the
The nethod .of claim, wherein the nethod further

Pulsgdgin pulpyt signal;ang t he potentioneter to allocate a
resi stance coupl ed between the voltage source and each
of sdiieng the poteaticnsteconbitarmine ambistanddbetwesys valtage source and at
conprising: a serializer to provide a serial data

leastiogaaf therfirsteap aaad temandefoalffeet thddiffereht@nabliagd. | aser
device adapted to be coupled to an optical
transm ssion nediumto transnmt an optical signal in
the optical transm ssion nmediumin response to a

curyent I S Lver Uit conpr.i sin
an tﬁpuﬁfﬁ%&@*hb 3F et BFhortiniiCet Og 3 Rter SOl “Bwets o ng the
ifier enerate a data ut signal
potflRpsiudd ehd ateﬁlﬁﬁpcg?ﬁwiqd%%%cnﬁ ¢ eltngs saiige ppdgach of the
signal conprising a duty cycle; an output stage to
firshentlgegend terainglsr rent signal based upon the pulse data
out put signal; and a duty cycle adjustnent circuit to
adj ust the duty cycle of the pul se data output signal
based, at least in part, on an approximation of an

average RQVEEMQbm ﬁngul se data output signal.13. The
systemof claiml e system further conprising a
SONErfaliddIR6 piRide 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
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;
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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provide the parallel data signal. 14. The system of

claim 13, wherein the systemfurther conprises a
wewddsphoPabri ¢ coupled to the SONET franer. 15PCThiS2004/026443

system of claim 13, the systemfurther conprising an

Et hernet MAC to provide the parallel data signal at a

nedii g | NARPSRAGA bf £ N5, aRE syskdh fulther SoRh MO SONH T Framer to

15, wherein the systemfurther conprises a nultiplexed

prog@%*‘g#%ﬁ@@%%@*’? the Ethernet MAC. 17. The system

ein the systemfurther conprises a
swtch fabric coupled to the Ethernet MAC.

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

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.

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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