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22 February 2007 1 TRANSCEIVER WITH PROGRAMMABLE SIGNAL
PARAMETERS BACKGROUND OF THE INVENTION Field of the

Invention 5 The present invention relates generally to high speed data
transmission systems. More particularly, embodiments of the present

invention relate to systems and devices configured to enable modifiggtiQpy 2007
of various signal parameters in order to gccommodate particular system
protocols I|ne rates operatlng requwements operatlng condltlons and

system or deV|ce 10 Related Technology Many hlgh speed data
transmission networks reI on optical transcelvers and similar dewces for
facilitating transmissi& : |

oAt ﬁigqﬂgsenﬁmcally data transmission in such networks is
implemented by way of an optical transmitter, such as a laser, while data

receptior B BEEPAIRY EBtinRIIAtEesBoRy Wy e Bpsptidal Eaanaissign systems.

exampleariwiiay, isrobhnirdieds th\J%P&*éﬁtqm%hﬁBH’f%@ﬂ@%ss?{%ﬁksﬁ’nd devices
employed by the optlcal transceiver to aid in the control of the optical

traphigsddorepeereotiiporions! xyipen AsHeProeessiig Brlayipiserommodate
dataRnthPlhaERIGEIS: S1ON Rrampleo sushRigal KaRAES WRtm by ealitions, and

include a driver configured to control the operation of the optical

trQHSHRBH AR BRUS D IO R AP EBHRB PRAE CTRANG B iEAe system or device.

rpRssRy I Rismotisierally includes a post-amplifier configured to perform
various operations with respect to certain parameters of a data signal

received ihBI8PHRSF Akt SiRIMiRsiIh DEtRKAI s bticR ePsitab dipsecivers and

thefivedand LRBEAMNRIARE MRGMEMY 6RAtQlpndfeedRaek data embodied in the
functionalities, with respect to the post-amplifier and driver, 25 throu

tHOTRESPISAbYE S ed VHSHRARBANSPISHERAR RN eFREVS Htllﬁ%&“emed by

aryeptisehdatpsidnatiadestcnenastaamplifier, Wﬁeﬂﬁﬁaﬁ%@@%fﬁ%f’g&eraﬂy
a corresponding loss-of-signal ("LOS") indicator. Typically, the assertion,

aHARIEmEnEt R WaY SR RP UGS Y 5SS ARB M tHephotodiode.
post-amylifiefiRioetbeE AR AR ERIGS HING IE@b yCRE iR REe daIRBIINE do aid in

criteria have been met. An example of one such criterion is a 30 signal

plRemFebAbiae ppLsal ﬁﬁ@lﬁ@é&%mﬁmw&a@?&te%w}eﬂ%ﬁ%& prgeessing of
ORtifialissigpalmRyRirRam AR PPEC: RalaieasGeRtaptva iendheved B 5igNB igclude a

asserted. Generally, such criteria comprise fixed values that are defined

witH P BH R tﬁ&ﬁt&ﬂ?&%&@&tﬂtﬁbﬁ’é&‘m Rfisal r%?é‘émo?)%rr’é]tﬁqﬂmnse to various
reQuiiemeniatand/PEoRpiatidtransceiver also generally includes a post-amplifier

configured to perform various operations with respect to certain parameters of a data
signal received by the optical transceiver.

In conventional optical transceivers, the driver and post-amplifier implement
control and feedback functionalities, with respect to the post-amplifier and driver,
through the use of various types of signals. By way of example, in the event that an
optical data signal is lost, the post-amplifier may generate and transmit a corresponding
loss-of-signal (“LOS”) indicator. Typically, the assertion, and de-assertion, of signals
such as LOS is performed when the post-amplifier or other component determines that
certain predetermined criteria have been met. An example of one such criterion is a
signal power threshold. When the post-amplifier detects, for example, that the optical
signal power has dropped below a certain value, the LOS signal is asserted.

Generally, such criteria comprise fixed values that are defined with reference to

particular system protocols, line rates, operating requirements and/or operating
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22 February 2007 2 conditions. For example, the power threshold at

which the LOS signal is asserted will differ depending upon the line rate

of the system where the transceiver is employed. Thus, the power

threshold for assertion of the LOS signal in a synchronous optical network
("SONET") OC- 12 system will be lower than the power thresholgxf@ebruary 2007
assertion 5 of the LOS signal in a SONET OC-48 system. As the

foregoing suggests, typical optical transceivers and similar equipment and

deoisiidire IS EYRBIPatie P eE RS Bl typashothsystemdanrhinatiwgited will
tEYFE R BIBRIBYRdnd i lRrepmdugiethgiad thattiRUAVIQUS employed.

criteria that govern the assertion and de-assertion of various control and

febiackesiiars Byapopbieratnisition fidiks 1O ariienddveaaineyarans optical
AR RIEREL FORE MRl @ﬁ%ﬁ,&lﬁ%&@ B ANCLIERBPIRAR BIAGRRAUSRIH BRI G ertion
eXIol

or adjusted. Such a lack of lity is problematic. For example, a device

habithg (ANotigtaldsAGINETIQSthd? vxiHfs set for compatibility with a

SONET @G3s¥gisnm tsageidil @éﬁﬂ%@@em&%ﬁ‘@ﬁﬁiﬁﬁ‘ar‘@&ﬁipmem and
another system, such as a SONET OC-12 system, having a different line

refteViess AE GHiR GRNSH nstbin & s RfHE e &YRpYy PAde s B HE Mivieh gy may be

CRHIFIPtHISERiREs IRNsBPeRcY aRsaeivRi AR WAUIH thidsBenaPsoRele@d@ssertion
purchase and install a new optical transceiver compatible with the hi?her

lif8Gste-agspRipaRictaiont seaiohef e dhark mientbriaa hroreirmplifier and/or
CORRRIRASSariAndacaassestthresbalds REQRnhauening fRllQWieguently

concerns arecgenerall germane to_20 assert and deassert thresholds for

otfengrsrnedesirsh. PdredadroblisntRifibeis esabirralisme devices have
been copfiguseshyit) a wideRredefineddripRandiPoassaHiov@brLRes set for

While such configurations are nominally compatible with multiple protocols
afBmRAE bHies Watlich SNl A Gédessitate canrai s Bhahferaml dipd d gpnnection

fog 1 goasertipheAndlaassar8ONHTOsR CONfiguatoRsVREasaittd ent line rate.
definition of a trip band, as opposed to a 25 single trip level. Definition and

imMMIEFERE oM SFLTE BATHNS incuREadrynaRehsr Incdiiereyld not use the low-

agpernmagdale v paianiialiydwids rnaspkiri ey pledmilicaiethbnsenely optical
the device with multiple protocols and/or line rates. The trip band is also

rdfret e CQtle v B e gh R @ e programmed, thus, the

default couesgaisitaigefing @aigeorihehabetifcthfieat prstanae bnieheraQert and
provide some level of assurance that the device can 30 be employed,
e

ploy
JersierbiBtRAaR MRl ly; HinHsh s R profeerscaasyseara beggane o
foregaingd thadefiniiomand eso@tivphands ik prahlanatict lesduse: flexibility,

asserticc)in of LC%S Wit|)| be trip%.ed b a,r%Iatively wider range of values than |
Wiing devices have been configured with a wide predefined trip band for assertion of
LOS. While such configurations are nominally compatible with multiple protocols and
line rates, such as would necessitate a variety of different trip levels for LOS assertion
and deassertion, those configurations necessitate definition of a trip band, as opposed to a
single trip level. Definition and implementation of a trip band is necessary however in
order to accommodate a potentially wide range of trip levels implicated by use of the
device with multiple protocols and/or line rates. The trip band is also required because
such devices cannot be reprogrammed, thus, the default course is to define a wide trip
band in the first instance in order to provide some level of assurance that the device can
be employed, even if relatively ineffectively, with multiple protocols.
As suggested by the foregoing, the definition and use of trip bands is problematic
because assertion of LOS will be tripped by a relatively wider range of values than would

typically be associated with any single protocol or line rate. Consequently, a decrease in
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typically be associated with any single protocol or line rate. Consequently,

a decrease in 22 February 2007 3 responsivity of the device would be
implicated since LOS would be asserted over an unduly wide range of
conditions. The lack of flexibility associated with known devices is
demonstrated in other ways as well. For example, it is sometimes February 2007
desirable to be able to modify the rise time of 5 an optical signal in order

to compensate for a change in temperature. However, a device having a

preseashricalcdigitafieiseimelkhhnonabcairtnoaed SUTH e agsested over an

changsswigttihal ¢k Qi rerational flexibility in the device may thus act
to impair the overall operational effectiveness of the system. The

foregoing toliekrAt s Mplinatheciisreyeh Eranvarts Sigprific AR pneres in other
1Q W RigR HER R GRIVR! St IH AR STRAC BENGR PR R Be UL 18 HORIRARY s Ofime of

such transceivers to effectively accommodate a variety of different .
sySteRti G SHERd Y BEFTENTOMBEBIECHEPT ATVREA HRl B Rty gy Aaiever, a device
_OIH%%' 9ﬁ%@&iFi?Héa%‘%&@?f@iﬂ?&@&ﬂmH&Bﬁd&%@%@ﬁ%ﬁlﬁéﬁﬁﬁﬁ%anges.
it would be useful to provide a transceiver flexibly configured so that a

singf8 adiikedapapEray Sretileny ineoHRecadnanitits artiEertpgrr i overall

ol prarAlipnatRAAMRIEST a¥SigReRiotocols, and operating conditions.
For example, the transceiver should be configured to enable user

adjustmdit treeRiBesOSEatSTEMMYY sherbithascacsalr A rigdifigant, problem
aqditiappitie eadca whowd hacarane: ol _Ruamaticaly i REiusDgaaPestsceivers

of its operation as necessitated by chan%%s in operational parameters,

prEtIEEE VAR B RIPARRI Eohtitshs O DB BRFEF SlsuMMpGRA s eqgnrements, and to
EX&ebinkomie 6B QIHMENIp&ridd el MM&N THaNJe-aanesalironments.

embodiments of the invention are concerned with programmable systems

and devidBs Edhfigihed e enasid prodhmitsgiahte risrdgeamtrafigedrer flexibly

VaURHguRY SNal PARRRIS R MIPEIXAEFOPAMIH AR RIS HIISMe range
protocols, line rates, operating requirements, operating conditions and

ofHEIPEGH AR BRI i Sohes SRR e ribb aTaHP S F ed iR tlH cxAmple, the
integsateckpassalRitiehAns RESELINE L ASSRITRIN EIRAD- Padisuitapleatsnal and
use in a high speed communications system is provided that is configured
PR RAAM TP alPedsdiimatbeoifidss thridihibe Fapabihafpiippatically
iSaaQuiGier echas Losinglpteaabsl v alides areigial EantegliintpdacR far parameters,
communication with an external digital IC controller having an 12C bus
cORRQGRLY 189 RERILSi GBS meter programming input from a user.
The PA/LDBRIFF STUMNEARY OF AN EXEMPLARY EMBODIMENT

OF THE INVENTION

In general, embodiments of the invention are concerned with programmable
systems and devices configured to enable programming and reprogramming of various
signal parameters in order to accommodate particular system protocols, line rates,
operating requirements, operating conditions and other considerations.

In one exemplary embodiment of the invention, an integrated post-amplifier and
laser driver assembly (“PA/LD”) suitable for use in a high speed communications system
is provided that is configured to interface with an optical receiver and optical transmitter.
The PA/LD is configured as a single IC and includes a digital control interface for
communication with an external digital IC controller having an I2C bus configured to
receive signal parameter programming input from a user. The PA/LD further includes

one or more DACs which communicate with the digital control interface by way of a glue
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one or more DACs which communicate with the digital control interface by

way of a glue 22 February 2007 4 logic module. A memory is provided in

the PA/LD that communicates with the DACs by way of the glue logic

module and stores an algorithm for facilitating implementation of changes

to signal parameters of one or more signals by way of the DACS3February 2007
operation, signal parameter programming instructions are received at the

5 PA/LD from a user by way of the 12C bus, and/or from the internally

coRRig AaRBReh M. MERWEIdhBIPadatiatdie Sro JeRrHini seimwictshy bbdhe B Cs by
used, B dhedRRGsyio fasiliiatedmslemeniationinh e5ARLRR AN 9AMementation of
parameters of one or more sn%nals. In one exemplary case, the PA/LD
indaBERs Writshgl aamelkig ol ML O Deictigednfyurey &b thedeivesa

voltage YiN,fiqamiah 'ﬁ%HBPB%&&”B%%f@B%&Q%&%@E@&J&G HOREUCUIE at the

also 10 recelives a reference voltage VREF whose value is programmed

by WAPofrane driespbnding oDRE 1A hus. end/ palfsosy i g préyetedstbgprithm.
rapgespffeyiatipR fopro¥RAMI NS AERc iUt egRarNR @My @R Bgral«J PRilitate
LOS circuit operates in similar fashion with respect to deassertion of the
LODGEsaatoR shangaiefo aupBRtaramsisstliflents GrtHeofredgntls. In one
'né’)?éi'ﬂﬁﬁl’&’ %@&QHWAK@W&@EH% et BReafplleysingcuit configured to
description and a%%ended claims. BRIEF DESCRIPTION OF THE o
DRAYANC Sl Ree e AR AR ERIE AREF thsiaRlT sa b dve s eEitdhedHd Tttt also
a@é’&’i‘i}ég§$e?&€n$@%&[§§e@&ﬁ%ﬂ¥§@ﬂélﬂ@%%§?&ﬂ%cﬁn%ﬁ% Qﬁs{%H’@srponding

desc&tion of the invention briefly described above will be rendered b

. . be, y
réfétEnc 55 Naeifit e AHSHEmIats et Bt d o anasH deyintieh e Mrre the LOS
appendaskeiawingss Wnderstandinssthat thepediavingmASREh A With respect to

tyﬁﬁical embodiments of the invention and are not therefore to be
cHRaiaeieRNIfhilind-©F tis8abpe, the invention will be described and

explaineghwith additiprahgReeligionaidi sieid dpiaeghetRatuacatiditwill become

accompanying drawings in which: Figure 1 is a block diagram that

illQra LY apets dpanthe AaloiBhraryiPos bt ARRGERdiF RSNt for

embodiments of tHERIEEE SVRTHINTONIOIE PHE DIRFVINIGSIiagram
that illustrates aspects of an exempla% embodiment of an integrated

PA/LD tHRAHGLHS hemrarebitshitescbygtreisdeadeisradtantages and

dirgrans tbatibusiiaiesRepectsahan exaoplpiviambiseaption @ the invention
amplifier such as may be employed to facilitate control of data signal 30

pBtsHy: dersiieed ROAVAOIhRSGeieHsdi B REPEegse s Br ifie kaibiptippnts thercof

methedlaierith§trated in the appended drawings. Understanding that these drawings depict

only typical embodiments of the invention and are not therefore to be considered limiting
of its scope, the invention will be described and explained with additional specificity and
detail through the use of the accompanying drawings in which:

Figure 1 is a block diagram that illustrates various aspects of an exemplary
operating environment for embodiments of the present invention;

Figure 2 is a schematic diagram that illustrates aspects of an exemplary
embodiment of an integrated PA/LD that includes a digital control interface;

Figure 3 is a schematic diagram that illustrates aspects of an exemplary
embodiment of an amplifier such as may be employed to facilitate control of data signal
polarity;

Figure 4 is a flow diagram indicating aspects of an exemplary method for the
processing of an incoming multiplexed digital control signal, such as may be produced by

a digital IC controller;
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processing of an incoming multiplexed digital control signal, such as may

be produced by a digital IC controller; 22 February 2007 5 Figure 5is a

flow diagram indicating general aspects of an exemplary method for using
control signals and/or other signals to cause one or more control devices

of the integrated PA/LD to perform various operations concerning gdaidry 2007
signal received or transmitted by the intggrated PA/LD; and 5 Figure 6 is

a schematic diagram that illustrates aspects of a device configured to

enable prérEmMmMinhy OF RREMNJSdispEngraanertbatisiis oDEEAsEpiry method for
DEfsRUATPN S Skdrsr b EIMBRRIMENT 3nO6; hidke IUEN UQNes of the
10 Reference will now be made to the drawings to describe various '
aspeatated RREADIQr) BB ATENE GTcHIE FRYSANERININE 3gipi@ signal received or
ugqgg%g%t@}a{ﬂ@glgggmﬁ Arepdiggrammatic and schematic

[ exe

representations of suc mplary embodiments, and are not limiting of
the presEffUfR/@HtidFChiordietiRelrREbas Ay HeaniPesis AR IVigRgaadtgured to

OEEa@m@gyaﬁﬁin@ Wﬁﬁfﬂeﬁ@_ﬁi‘éﬁiéﬁali ﬁﬂ@%@l@@ noted _that vv_hile _
some embaodiments of the invention are well-suited for use in conjunction
with a higREAAILBRDESCRIELHAN (AL dre Il EMBOD EyHEN
Ethernet ("GigE") physical specHica# chERNA ting environment is
exemplary only and embodiments of the invention may, more generally,

be emp'%@&éﬂc@%@ﬁﬁﬁ@ﬂ@%&ﬁéﬂ%ﬂl@@%‘%{ﬂﬁg@ HARSEBROMBYE MPects of
some of which may have line 20 rates up to, or exceeding, 2.5Gbit. For

eSEATRATYSEAHBERMME RS P tRRIIPRelitisrioabe wslrisiansdhifithqisisawings are
Filre, Shanir! b Schpiricahepatiicaiion sii hemsrb edipyamsAfsth8d are not

invention may be implemented in various ways. By way of example, some

eMBEHnEhtacaIaIENd AT THURR PR RMEKIEECHTSHRN Homh Racts:

Pluggable ("SFRshBedipatiaiapliiai LR D hepldpentiisngoested
above, such 25 transceiver modules are configured for GigE and/or FC

compliafteh e Rediatag tatichhiiasipe b adbaEks A e cHysploBare well-suited
trafistinG anjdiRERCRINING Rich Wrkal enathroh ARRMO BN MRRaY®ig to the

these transceiver modules can operate over a wide range of

teHpR RSB 61, RIbYNEar RAIF AR e i RRRA DG gnVironment is
etieetivRpy6h1F AempesadiiefangriRfiabamt30GapushrasdiemBbpetmployed in

-10C to about +70C. Of course, 30 such embodiments and associated

oBBY Aty BHFAN R BIELTRES AT A B A Y At R b O AREY it have line
thatssapeopbtReJeaBREON SGBIY M¥a¥xample, some embodiments of the invention are

Aol .";n.?a &N -Q‘. !'_‘44!!’_-..'5 1

compatible with the Fibre Channel (“FC”) physical specification.

Further, embodiments of the invention may be implemented in various ways. By
way of example, some embodiments of the PA/LD are implemented in Small Form
Factor Pluggable (““SFP”) bi-directional transceiver modules. As suggested above, such
transceiver modules are configured for GigE and/or FC compliance. Exemplarily, such
transceiver modules are capable of transmitting and/or receiving at a wavelength of about
850nm. Moreover, these transceiver modules can operate over a wide range of
temperatures. For example, some of such transceiver modules are effective over a
temperature range of about 80°C, such as from about -10°C to about +70°C. Of course,
such embodiments and associated operating parameters are exemplary only, and are not

intended to limit the scope of the invention in any way.
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22 February 2007 6 B. Aspects of Exemplary PA/LD Architecture With
reference first to Figure 1, details are provided concerning various aspects

of the general architecture of an exemplary embodiment of an integrated
post-amplifier and laser driver ("PA/LD") assembly 100. Generally, the

PA/LD 100 is configured for 5 communication with a digital IC conti@ligtiary 2007
200, as well as with a “transmit' optical gubassembly ("TOSA") 300A and

a ‘receive' optical subassembly ("ROSA") 300B. Among other things, the
PA/LD 180 condiipests otilzxempaiy P Adl ftectas

embodieg/gg R Rk RkdigiR) rﬁfﬁ@%@@ﬂ@&g ViR QUIR dAdiatbiaspects of
103 that, in turn, is configured for communication with one or more

digRAchsiahalely tertiep Al arerepmhmeemPodinens oh gieirsaBEdppfamplifier and
copRecianwitp e BiscHssionif Rieotamnrable fansaiysrsoand QIatefred for

devices, such DACs comprise an exemgéary implementation of a means
foTOSBRMY AN hatHtey 16 reupiniss £99ighavplraistdy a ‘transmit” optical
PLRGIRASRMINY (RBHYAIGNH NG SUCVRSILIPRSHRRY IO §XROBIE PSI0B.
received directly from a user by way of a suitable bus, or may be

generatet P PiheE HEIS cBgeR Y BRI oRigampTines scoisddrapritohdigidire 102,
iscRetIpRitad dRbydfed fonewar dm%ﬁtmatwnwémmtwgm?mgaum 103
. FOor

device of comparable functionality may likewise be employe =
elBithple, tiNle dStCSBME §ignETp SR RIS Ry WikhaRBFnativBRj S digHpl-to-analog

theokathe e of figlsh prograinimahia sRIevARRYSHnEdR M WihofheiIi@hssion of
devices. One useful aspect of the aforementioned digital control interface

iSRS sERabI drapociidcts et FRliisedegRttoIsPabdler SomaRTEs Aecxemplary
reaghil¢iaiinxetal HE.R R rRE@inEllVRAY smaleasnes in gl sieRNFAmeter
signals. Thus, the digital control interface permits a relative increase in )
tHI PRIATRIRINSF BAUUS P06 MY thdP LA BRSOREIER, SkAtRBlR De received
NQGREANAtNE #ERHSFRANGNINEABRIUN AP DRERIEAI &G HRIRBELIMY coded
virtue of the use of dif%ital control signals, the digital control interface also

cOMABLRS e ssaneniihe AueRIadSAAHEMIH KPS thRoRsHEbI Righesny other
thakaia, resiiseskin 6PataLE Hflmpafh BRE AP MWt ESSRRENI:thE employed.

foregoing, an internal serial bus arrangement may. alternatively be

! y
eI 6YRIRE it re Rt SATS SRR PAIRBF RS RMehSALRE) LIy e gt dregHely the use
sk el dbprogtes herk: that theRALEPGA0 may beniefesadcte herein as

comprising a “post-amplifier’ or “post-amplifier assembly,' and a “laser

driver' o 1SSEF T8 ERRTE P BUCHHIBRM sl Ay GBI S Tar vt 1t enables

MAY oG isRIONE: WoMESE rrimpldiers ohotharworiial devigepiniended tehe, or a
implement certain effects with respect to signals transmitted and/or

rdELUREHy T PR RS 1o g1 COMHEY Nt es! I, the digital control interface

permits a relative increase in the number of PA/LD 100 operations that can be controlled,

without necessitating a corresponding increase in components or circuitry and, by virtue
of the use of digital control signals, the digital control interface also contributes to a
relative decrease in the number of the control signals that are required to control PA/LD
100 operations. With respect to the foregoing, an internal serial bus arrangement may
alternatively be employed to implement some or all of the functionality disclosed herein.

It should be noted here that the PA/LD 100 may be referred to herein as
comprising a ‘post-amplifier’ or ‘post-amplifier assembly,” and a ‘laser driver’ or ‘laser
driver assembly,” exemplary embodiments of which may comprise one or more
amplifiers or other control devices intended to implement certain effects with respect to
signals transmitted and/or received by the PA/LD 100. In yet other instances, no

distinction between the post-amplifier and laser driver is made, and the PA/LD 100 may
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distinction between the post-amplifier and laser driver is made, and the

PA/LD 100 may 22 February 2007 7 simply be referred to as comprising
various control, and other, devices intended to implement certain effects

with respect to signals transmitted and/or received by the PAILD 100. In
general however, the devices and/or systems that are concernedwitbrBary 2007
implementation of functionality that relatgs primarily to a data signal

received by the PA/LD 100 are typically referred to as a "post amplifier' or
‘;ﬁé@ﬁ’éﬁ‘rﬂ?ﬂiﬁéf%@@’e?ﬁtﬂ?.C(@Wﬁﬁ@étﬁ@ﬂ?ﬁn@I&@ké@aﬂQﬁRﬁ dpxtepngipaded to
aﬁ%tﬁféﬁlﬁ&{{‘eél%é’i'ﬁhéff&ﬁmﬁmfﬂé%af duneHanalitn thatalales RrimRildLby the
control, by the PA/LD 100, of the transmission of a data signal are

tyPieAtl) 1ferred to as a “laser driver or “laser driver assembly.' 10

Nonethejgsse A VIRRRL SYSIRE iR EOMRALERS 3 RAHIOMAf e BOSterned with

amplifier' in one embodiment, may comprise a portion of the “laser driver'
inRRRsh EHHbaemtionaibrdhag ket RiteysiNGlaid st dreesrived by the
infeQdes 190 BRY SRRUILNREARAHET J0p ik $SORE PoliemyemRtiondembly.

ané/ way. In general, the functionality of the integrated post-amplifier and
las®,

rtBeigehen Bagdsepviggsioulieriypitany thiprimernesraedavdihdrenieragngation of
Siﬁﬂf&i@i@ﬁﬂﬁﬁ%@réﬁt@@ Blﬁnbﬁ‘ﬁsaﬁb(&ﬁltfbﬁ fﬂﬂe@z@]ﬂﬁﬁlgﬂ‘ eNtedAS@nission of a

non-hermetic plastic pacléa@%ed IC with lead frame. However, other types ’
oflfta prigRalgate syRisaly cilsrie packaded apRay raifarRhtRI§ pdriver assembly.

empiRYRde&ORsIstert ¥y herauicsmenissof popdsticsHarapRicaligifbr in one
operating environment. 20 One useful aspect of the single IC configuration

isCRRPSHMFRImIZAY A0SREHShR POFtieRicHh ficd e dihirar® rapihggcmbodiment.

sopeotialof dhersrdesnal drvicamaanb o aRIRIAIBdnaMa i RENCedRVtrued to,
way of example, at least some embodiments of the invention obviate the

n&& s Al Prskivendeliée ath tderform functions such as, but not
limited tay SetrReint Reatahingn fiter cRFAT-coHRINDsAdalAtadasRetisef driver

the 25 singlle IC configuration is that it generally eliminates the need for

cORTERbY LS Y IEepIRBCRIRS BehwitieiftHe patsiRlsfidr ARG Bisdp some
driivg@inEayrthey piRa_singlenlSicRagkadas aalhadneeRyprIeR iptekadaladvahth lead

small size, as small as 4mm x 4mm in some cases. In the illustrated

e BRI AR R ST AR By blaPiy Kassor Skl a9 e FREUDIE DRk ages, may

surfagR@vIlihdcapesyc ¥, CSklsitmOZAhihe amanteneatiuT Wkt @cular application or
photodiode 30 304A. In at least some embodiments, the VCSEL
cORfPHLRE A HEAAE hetic lead frame plastic package. One aspect of

VCSELsghatseakesgbamrdasiiable 10 asdeast#Me that it minimizes the number of
external devices that are required, as some or all of the external devices can be
incorporated within the IC. By way of example, at least some embodiments of the
invention obviate the need for external passive devices that perform functions such as,
but not limited to, set point, matching, filter, and A/C coupling. A related aspect of the
single IC configuration is that it generally eliminates the need for connectors, such as flex
connectors, between the post-amplifier and laser driver. Further, the single IC package
can be incorporated into a relatively small size, as small as 4mm x 4mm in some cases.

In the illustrated embodiment, the TOSA 300A exemplarily comprises a vertical
cavity surface emitting laser (“VCSEL”) 302A in communication with a photodiode
304A. In at least some embodiments, the VCSEL comprises a non-hermetic lead frame
plastic package. One aspect of VCSELs that makes them desirable in at least some

applications is their relatively low cost. Of course, other types of optical transmitters
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applications is their relatively low cost. Of course, other types of optical
transmitters 22 February 2007 8 may also be employed. In general, any

light transmission source, and transmission wavelength, that is

compatible with PA/LD 100 may be used. Similarly, ROSA 300B

exemplarily comprises a PIN photodiode 302B in communicatioppVygB@ary 2007
transimpedance amplifier ("TIA") 304B agd, in this embodiment 5 at least,
requires no capacitors for its operation. Moreover, in at least some
eMBbdilteRts Rl e Alls geijsiah antell g HHBMsIPRetiIIdfd Hiansmission

PlagleBRakags: K SJmpaaRsHa G TIPRN 3R0ALewaver, other

embodiments of ROSA 300B may alternatively be employed. In some

embodiméRitbneRd? Hots Hkh e Foslarip o BRIROS A BYathetpthede 1302B in
InGWdRRSIERISRRCAr ARMIGRSIIA R Q&ibﬁf{@}l;aﬁm@@d@%@?ﬁfi@ns embodiment

evolutions concerning their performance and/or the &arformanc_e of
rethtéd orffsdient S AnerBYSIOR s By ijagRiTaERAMp MO FOSIA FBolgast some

apd{es RASA IAOR ik sugh spibadinantsinehides R IRd - amplifie it iSgackage.

in conjunction with a monitor photodiode, such as PIN photodiode 302B

o PHBtEsicaee3T4Re diiefidy 0P homfYsr roehiteyn bostimatnH dgaét 4p0B may

sqamefmRediseentpef e TOSA 300A is that they provide for a DC
active bias for laser modulation. This eliminates the need for bias T

modulatiShs W% BRIy SUReSTERS HBRAIRPEMBRY B Y88 further

Madiiaion apRliaaiienge WAL waniinuingl iafRre Ree NV SRR GfstBéhcerning
exempla{rg/ PAJ/LD illustrated in _Figure 1, exemplary embodiments of the
¢

PRAIEPEEB ERNES AR GFBeBHARINE S ek d sompriei prad sxgens. By way of

varigypif differenS AIBIRIA. SHBH SANSYS BUAR GAMBESnMHAREANSicludes a log
things, data and monitoring signals, contro| signals, or may be concerned

wWithRHE St SRTsMifs SotPBIFEURT Wi PEBIABOHENECahfIN photodiode

exenp @ yiRavaesiaen Atha datasienalhiai@ digitatgnd include those
signals desi%gFated RXIN+/- and RXOUT+/- and which denote,

respectively e st haPreceRRe HBRIRY 85 J608" AR Hitihet dsy provide for

signat tamsittedddhe ROdaRASP toRcsianess Se@idysdhsisianaisdulation
designated TXIN+/- and TXOUT+/- denote, respectively, a data signal

releRilREd B HECBIAN Bralbes 6 RIS Gmelowth B lasearndiates dipligations.
transmittagtke§ AR BORMerbh @ osaLash tshof BRIGPRARG yBIRIB i tRtrated in

fact that, in at least some embodiments, the signal channel consists of )
tﬁé&&é‘?&t?&ﬁ%@@fﬁ&%ﬁd@ﬁ@ Wiﬂiﬂ@ apfpaiiguind Qe R receive,
3Qnaiptgmretationtbe sionadesignatad Tt Wrasty ally compris€Samong other

ﬁrt?ltirlligs? g?tLNatldapndor%tso?i%%ngigr?aels:r)c((l)lr\llt_r'ol signals, or may be concerned with the
transmission of power to/from various components. In this exemplary embodiment, the
data signals are digital and include those signals designated RXIN+/— and RXOUT+/—
and which denote, respectively, a data signal received from ROSA 300B, and a data
signal transmitted by the PA/LD 100 to a customer. Similarly, the signals designated
TXIN+/—and TXOUT+/- denote, respectively, a data signal received by the PA/LD 100
from a customer, and a customer data signal transmitted to TOSA 300A. In any case, the
+/— designation refers to the fact that, in at least some embodiments, the signal channel
consists of two data transmission lines of opposite polarities. Thus, in this exemplary
implementation, the signal designated TXIN+/— actually comprises a first line TXIN+

and a second line TXIN-.
Note that, as suggested by the foregoing, the RXIN+/—and RXOUT+/- typically

do not comprise discrete signals. Rather, the RXOUT+/- signal simply comprises a
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Note that, as suggested by the foregoing, the RXIN+/- and RXOUT+/-
typically do not comprise discrete signals. Rather, the RXOUT+/- signal
simply comprises a 22 February 2007 9 version of the RXIN+/- signal that
has been modified, such as by way of changes to parameters such as its
polarity, rise time, or amplitude, for example. The same is  likewisepegfuary 2007
with respect to the TXIN+/- signal and the TXOUT+/- signal. With
continuing reference now to Figure 1, PA/LD 100 is also configured to 5
[

revaaen glhathsraidhal coitral imariasd oo Brogidieflgiathaschnivsiepigmnges to
V%&P&ﬂﬁe&%‘gﬁkﬁi&n%&ﬁﬁ&?@?}%&fﬂﬁ,%ﬁ%ﬁﬁﬁe{hﬁﬁ Qéﬁﬁggfﬂge same is

and/or to the processing of the RXIN+/- data signal received by PA/L

166568 ResHtBoewegieiheohi BN ighigratanddbadiftdd Tadcaigg to
any of awarebf yarakiasrdner axampleidie ePRAEUI600E kS Ebnfigured to

302A may be used as a basis for modifications or adjustments to 10 a

chPFdY Sigitatie atmtg] eanssed dptalacs 2 BRasfgbmeieial drctrburliaeAPos various
P AP 1 0@nFRmpIEs Ol sueh 5aRHeh DARRIP @5A CRNNARIE D MHBRScessing of

detail below. Yet another exemplary control signal transmitted from the

diditaR ISR trenky sEyphsegreVPARDOPIIBIE 110 fiom dighid FPGBnepach control

thgohXP il giresta the & e Pl A8 tershwhHeW N INGIREHRA. 388Bexample, the
Shutdown of the TOSA 300B may be implemented, 15 for example, when

it ieneResaieof priwdr S b BEiISEd facibasis i9emadifisiiiops or adjustments to

diagnasticse A MISIMNEER ds Adpleltinglinalips SuUeh A8 RN; HMRIAGHIIFAALD 100.
excessive transmit power. As indicated in Figure 1, the TXD signal may,

infarRRlIrmecb senohaigralissitensifsisdHa tghsr fetedReamer 200 to
the PA/L:{Lkbathestbapi Ry el Kienieaneative-digibah eaniidital IC controller

interfaces of those components. Note that the same is likewise 20 true

withOrEshedttdliRe! oS Sryhdiifor e mimecae didbassER pigrat difeets the PA/LD

addiinstataswaiRUBGORIBLBI SRk ASNe GHE’ s KaBBilRY tR thfplemented,
PA/LD 100 by the digital IC controller 200, signals generated by one of

tHOOPHRAPHVIES iy IRREHILe BRVRPYad MR LodadliEH tHsgEormance of

davicassansl/or hathaeRUFes Bydwadorfsaxrmple, indhsPmbadimetessive
of PA/LD 100 illustrated in Figures 1 and 2, the TOSA 25 300A generates

(HERRSI RN HAHSAE i 5367 digheiles Ioriepal ey Brat lsaganang cases, be

theaheohsiemaloiaceivEdiat tirecBAfb el 000 e P TPSAGOMAr iMicBIBS ay of the
the level of current at which the TOSA 300A is operatin%étln this

eXBIRFSIHNS Breitidional mtesiacer SihareepioRenth iNpist o 5o is likewise

suRRlwaiiGYipet the (RAILGDX 10t ihasis usaplclacantelshebaput voltage to
the VCSEL Ej}?ure 139, as discussed in further detail below. 30 Note that in
alébas‘g, R

some ¢ RIS SBL AL prikTalackapHLangiited to the PA/LD

100 by the digital IC controller 200, signals generated by one of the optical devices may
likewise be used to aid in the control of those devices and/or for other purposes. By way
of example, in the embodiment of PA/LD 100 illustrated in Figures 1 and 2, the TOSA
300A generates the TXI signal and transmits the TXI signal to the PA/LD 100. In
general, the TXI signal received at the PA/LD 100 from the TOSA 300A indicates the
level of current at which the TOSA 300A is operating. In this exemplary embodiment,
the TXI signal serves as an input to a power supply circuit of the PA/LD 100 that is used
to control the input voltage to the VCSEL (Figure 1), as discussed in further detail below.

Note that in some cases, the TXI signal may be used for purposes other than
implementing a control functionality. By way of example, some exemplary embodiments

use the TXI signal to implement a monitoring functionality with respect to the VCSEL
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implementing a control functionality. By way of example, some exemplary
embodiments use the TXI signal to implement a monitoring functionality

with respect to the VCSEL 22 February 2007 10 302 current. Details
concerning one such exemplary embodiment are provided below in

conjunction with the discussion of the TXP signal. As suggested@afliBfuary 2007
embodiments of the PA/LD 100 are also gonfigured to transmit, receive,

and/or process a variety of monitoring signals pertaining to the 5 _
opErtiBFr R dsFkaeqBSIvAgONS B popBRtaNTH edupsplarsigovided below in

mMeRjeRasRaHanalin mBisMANIRITN PSS the PA/LD 100 is indicated
by the LOS signal. Generally, the LOS signal is generated and

transmittdd Bigassteiagnicroorbedensinitadf 1 thecbibiRed 90 o adse renfigured to
IncomIRG, dRR SN Nidediasabegiel9Shron SRS i AN IO GMBRE to the

with certain established criteria. 10 Other exemplary monitoring o
fupRaranemtisad/eramat s, BltRHOHE CEABRAREhpI dBplghiel a monitoring

exgreRlaeMmagdinenial bhe RAJEd @\ inplUas thenhkR&IgNathe LOS signal.
transmitted from the TOSA 300A to the digital IC controller 200 indicating

tHeOptRE> Pt&IOrigiTosAcTHoA aMdFansaHitad Ry he TP 19@fp the digital
elgetigalsignabthahis HORRISIANA Rdhe articekpowerinstheey fotEbr otherwise

302A. A similar monitoring signal is 15 generated with respect to the
optitaiRdAWGIRAE KSR HEI0BS AP Pt Gl the RXP signal transmitted

from the RRSAIINE 46 theodiaital dCreanioatierid0 Gdndicaies e ApliCRlcessarily
power of the ROSA 300B. Exemplarily, the RXP signal comprises an

elseplraaraighay tiscrepriporaaibadingid Sptheal podd Pt ikesdhe TXP signal
30QRspiiatadieme BO2R) S0 Aftth@ BRItAriad:siahais: 200hREMIM I *R optical

signal for example, may be used 20 for purposes other than implementing

alABSRAAGOrLH - BlYiREsyRsres e thedmtE dkamplagifical signal that is

epBpeimanis s bt XD Sieahafan dyRIt tHaPOWe SURPMEHIEAhg signal is
that Is used to control the power input to the TOSA 300A. In connection

wRENEHR T BRI LRFRPBRERB DI Qe OB thePtikipilaiothe RiXP signal
sigh@lmiltehauld be rosd thedthe wectienalit ke XPenshTXhsignRISptical

and, 25 more generally, other signals disclosed herein, may be ) ]
REPEFERIGEE RS il E b dsr e bedhy fo i el e At cical signal

PRt aRplicatinR he saied pawiaidhriRpensotBEipRoaidRRICNLD.
100 illustrated in Figures 1. and 2 is configured so that the TXP signal
provides> e MfoMitBR P RiEiRsaRA it chestbe LS Frbzsal Sygxample, may be used

PESIQFIRBHRS, cIREl thenTidpHanat BRNMes sttt NPUEIR fFaReWEs B SUBPEkample,

circuit that controls the power to the TOSA 300A. Alternatively however, =

ofiepe exemplary embodiments use the TXP signal as an input to apower supply circuit
that is used to control the power input to the TOSA 300A.

In connection with the foregoing discussion of exemplary aspects of the TXP and
TXI signals, it should be noted that the functionality of the TXP and TXI signals and,
more generally, other signals disclosed herein, may be interchanged in some cases if
necessary to suit the requirements of a particular application.

As noted earlier, the implementation of the PA/LD 100 illustrated in Figures 1
and 2 is configured so that the TXP signal provides a monitoring functionality with
respect to TOSA 300A performance, and the TXI signal serves as the input to a power
supply circuit that controls the power to the TOSA 300A. Alternatively however, other
implementations of the PA/LD 100 may be configured so that the TXI signal provides the
monitoring functionality with respect to TOSA 300A performance, while the TXP signal

serves as the input to the power supply circuit that controls the power to the TOSA 300A.
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implementations of the PA/LD 100 may be configured so that the TXI

signal provides the monitoring functionality with respect to TOSA 300A
performance, while the TXP signal serves as the input to the power

supply circuit that controls the power to the TOSA 300A. 22 February

2007 11 In either case, the monitoring signal may be provided toJimgsAgly 2007
and/or external users. In yet other implgmentations of the PA/LD 100, the
signal that provides the monitoring functionality may be omitted

alto gihisecaTh e wenfiransmgnataaxdmpiaridamisisreepbtieHersnepma users. In
n9&%%&@9%5%&{@3&&&1@@99@19@,&&16%Qﬂei@icgnaa WAY pRo @A m Bitoring
the signals that implement various monitoring and control functionalities,
yéutHendignamaymisoyeritfistorigaethss wigﬁ e PRGLEPNR01860 @8pn exemplary
a%%fé&@ﬁt%&éh@aﬁ@%@%@H%%l&!‘@1%19%%&6@%%%%&%%%9'way.

By way of example, the LDI signal is the actual DC bias current that is
applied t tREITS ABGDA sigbvEtah& SN 3B UASARRERERE and control

eXaeRlhngtelRiece: R Rgc g MRER iguddion inpviie rAaadRackoncern

system that controls the input voltage to the VCSEL. Of course, the

ertPRgatioR/ shdcHifspaEng RV A INTORRG COPpEiRter By way of

C%QH&bl@ﬂ%@ﬂ]?fs@ﬂél%&ﬂ&fdﬁﬁ@@bh%ﬁi@cﬁ@eﬁ%ﬁﬁkﬁ@ﬁ Rl @NHA®SA 300A
not intended to limit the SC(f)/%e of the invention. Accordingly, other

ek RipYaR ismtfotfithele o AN SR ARl SnElG defehitie Rles signal VREF is
emprevad dtend Rk AiamatiNg é&%&@t{ﬁ@%ﬁﬁ%&@@ﬁ?&@%@@git
IC

the requirements of a particular system or application. Moreover, o
feedbackfotfie SntheiFEUREFAE) RN RpIYEatiANSHnEEHGHIQHth 4 HameRitoring,

ohsliféerehaignaked ckEOMRIARIARS hesarfsdmn the BRI 8MY/@hd are not
controlling of the performance of various systems and devices. Thus, the

sdBisaG i imdhEsFOBR OIS IBY e W ndttRid e e ihstsyaBRIpey embodiments
exempianpembodimsntsdisalosednertine 28 Digsting allantiany tQlternative
Figure 2, further detalls are provided concerning various aspects of the =
aF%ﬁﬁBeﬂi'ﬂglsmﬁ RECSHIPIAH) SHIBBHIRMRICEIAHS P AR EHIG! NS SAYRE4RRg cation.
thersrethe digiabsantsopinigifageuiQ 2naf this RpBoeiMers micthR PAMED variety of
100 exemplarily comprises a three pin configuration adapted to receive

Lherent LepAlS otd CRMS B gAY LRt 1B (ReTACRIPHPRAS &/ PH)cogHRYine of the
sigf@dsrain St vaRdu eHAke PIRG.A20iEesPERLIVahs aspeall 8k tSystRIMshould not
clock ("SCK" si_%nal, from the digital IC controller 200. While two and

[

tHRESPIIYEHAP RtdHateS QripaFFELHyY SRORI RIS ESEINSTifTERs of

the invemigastthe sefial dRtasacs PayurtoregansabiaiRead plevigstecoasening
any industry standard, qor. customized, serial interface, The digital control

intEHRe 4B Borh B ATCAES WA WRATP AL SRy St BARE ST the PA/LD 100. As

indicated there, the digital control interface 102 of this embodiment of the PA/LD 100

exemplarily comprises a three pin configuration adapted to receive master-in-slave-out
(“MISO”) and master-out-slave-in (“MOSI”) control signals at ‘data’ and ‘enable’ pins,
respectively, as well as a system clock (“SCK”) signal, from the digital IC controller 200.
While two and three pin serial interfaces are particularly useful in some embodiments of
the invention, the serial interface may, more generally, be implemented as any industry
standard, or customized, serial interface.

The digital control interface 102 communicates, in turn, with a plurality of DACs
104A through 104n by way of glue logic module 103. In the illustrated embodiment,
nine DACs are provided, although the number may vary depending upon the
requirements of a particular application or system. As discussed below, the DACs

generally operate to convert a digital control signal into an analog signal that can be acted
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30 104A through 104n by way of glue logic module 103. In the illustrated
embodiment, nine DACs are provided, although the number may vary
depending upon the requirements of a particular application or system.

As discussed below, the DACs generally operate to convert a digital

control signal into an analog signal that can be acted 22 Februanp 3@8#uary 2007
12 upon by the PA/LD 100. In this exemplary embodiment, some of the

DACs comprise 8 bit DACs, but various other types of DACs may

akeaneively Ba/tiAdiYeln ke ipneraayigrhgdimentysenmat inlai€ s comprise 8

eXAmARTY BMRARIEALRE: Q%MGM&QMQ?&E%V@%@%@!@%@Q
signals: DAC 104A - RXRT (control transition time of 5 RXIN+/-); DAC
104B - R)cAMIECEEssHir il gvip Rttereldh RydimMEars e s melany 2o bodigiant gre concerned

(l%ﬁﬁe’g&zﬁb@ SURRERIA R AR Dlaks DA A PG\ KR TH Lo o S19RRIN time of
threshold for RXIN-); DAC 104E - TXRT (control transition time of

TREVTH-); BAE 10 - RN (Cermtenlanmptitiests sHTRODTH1), RAC 104C -

ag@ienvioTthe {0 aaQUdl ByRBesid PHRIRINQYIERIENBUEP MIBIVERIRSs of signal
with a power supply circuit 106 to control power 10 input LDI to TOSA
305918y BTANEre oA G Odfade i SPURE AR AT AET XOU T i DAC

DAGIH O afaprayided dhatiaigagnetalyconsernadayith iearastive¥ng, a DAC
controlling the polarity of TXOUT+/- and RXOUT+/-. In some

il SrrnisritEtioned SaeRBRIMIRIGRIES oY EH AP TESh ROVRIS S Hed (ol BQilgeontrol power

infesmationsonos e Ay With contidieacie{ence ionaiovrER, arais, DAC
amplifiers, which exemplarily 15 comprise radio frequency ("RF") )
a&@\rﬂeﬁé dré\Srditib atth BEQUHsh kit st \eRACTEbp SeRTEBSA Y Bindespectively,

gepsnliNACIHO priRlamentoariam.actigrseretified by thekantiapisiEhtions, a
received ?/ the PA/LD 100 from the digital IC controller 200. For example,

tH&esiRastidnon erisditie Rrarisad tistovidat e arioe ssringdéL

that receivgf apaiR@ilBRUIFOBAERt AR, kiR andpldftkanchmedifigsplarily
RXIN+/-, in accordance with such 20 inputs, to produce RXOUT+/-. In the

iIIGRFRESS dAOdTRIR FRRpIRPRBBSE- RfigirEdsd HgjfgHiRunicate with
tranpéian A camnitkgRand Rely ivneReHNefainuhens KR iRied by the control

amplifier 108 is exemplaril confi%ured with CZ+/- ports for use in

bypAalHTs ARk RO L o daaig BLIGcan e s ie Fox example, the

ampkfiateiQRdodthisneEMPIBLY WUangeneah RXGIBHIEICI0 IGAREEII0¢s analog
placed between the CZ+/- %orts. 25 In other embodiments however, such

bideig ISR EHM Vel iitn bt il hEed e Sl Rat Vapadhar cartihenyan such
theaétopasauadrionatty/-an LQFecimuit4d0 caxemplasily Rxbosigdias 108 is

an amplifier, is provided that monitors RXIN+/- and transmits an LOS

si@%&i%fﬁﬁle“af@ﬁﬁi%%ﬁ%i}léf’n time, amplitude and polarity of RXIN+/-.

Further, the RX amplifier 108 is exemplarily configured with CZ+/— ports for use
in bypassing a feedback network, such as may be used to bias the RX amplifier 108. In
this exemplary arrangement, a large, external capacitor placed between the CZ+/— ports.
In other embodiments however, such biasing is achieved without the need for the external
capacitor, and hence the CZ+/— ports.

Additionally, an LOS circuit 110, exemplarily embodied as an amplifier, is
provided that monitors RXIN+/— and transmits an LOS signal to the digital IC controller
200 when RXIN+/- exceeds, or falls below, a predefined threshold. Also, the LOS
circuit 110 implements a hysteresis functionality to minimize or eliminate random
switching of the LOS signal, usually caused by small variations in received signal
strength or noise and often referred to as ‘chatter,” that would likely otherwise result as

RXIN+/— moves back and forth over the predefined threshold.
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200 when RXIN+/- exceeds, or falls below, a predefined threshold. Also,

the LOS 30 circuit 110 implements a hysteresis functionality to minimize

or eliminate random switching of the LOS signal, usually caused by small
variations in received signal strength or noise and often referred to as

“chatter,’ that would likely otherwise result as RXIN+/- moves baokraBghary 2007
forth over the predefined threshold. 22 Rgbruary 2007 13 The illustrated
embodiment of the PA/LD 100 further includes a TX amplifier 112 that

receives Bi5albesirsed fiaRrdmert phare BAAR KO oyhes ter lndrfiffie X amplifier

TXDitac &8@995%%%%3{&&? PHFDRRU S0 1 PTOMHGRATPOAY It A& TXIN+/—,

illustrated embodiment, the TX amplifier 112 is confir?ured to modify the

trihasserlanse vafhpheiuerie porAdrs IO4N+# IdnthedHystrated embodiment,
emRaIMBISHE (D anmifered 16 M enmPIrMEs echaSathRIH@ B @holarity

amplifiers, each of which is concerned with the control of one of the
trahdiN timeah pritoienabripBeatiy o e anpltsr dihaaybgenpipmented as a
eMRRA ST mREES, ARRTGT LARINRY RABRLIMEREhAL BBOIS one of the

multi-stage amplifier so that all of the aforementioned control

fuiistibHaiBace BMEIH IR B TRINKof dhgrial B/ roinpleln ¥ptethgpmbodiments,

sipglegompanent- N ate thatthndaeeqing Qi%@gl%%iﬁﬂdss?a%@ AlYp 198 MBRRAt all of
to the RX amplifier 108. While the aforementioned exemplar .
UsniloBY arasienal are

etiBoafRTemenErned el FHIHQREINGS ofter SHRS,

SighRkRRIAEL b MamBR usatdbitsomeJnstanca: R aRle di9ca9ibRlis equally
the polarity of other signals as well. By way of example, some
edBBERAdA LA BX dampditisny B alternatively, provide for the control of the

polarity afthe ke reRdnEidnsloBAm e seagrdackRy the ioreerIB® with, among

example then, embodiments of the invention should not be construed to
ettt gs: sendrRl Al shthol gaahppRetvd (daty Bighafy] FinaIRe iPEABERY B&e able
nededihal gie PRI ERAYRNN YR DB iMple BEAtes pithoies RRHBI®ments

analog data or other signals, as controlled by analoa control si%nals. In 20

AU Bl TERERE NS BPEHIE (B eyl SORG BP IRRBHAER T % and TXD
reqeiced, aRdsag suitabisyanal g GO IIRFRCA MAYRBEMRINKES the invention

instead. Directing attention now to Figure 3, further details are provided

cSRRlhS Be emiaIeddoibs uissH RARIEILONEG14S RORE Hrarpgnals.

and TX smplifertkhduf@becastotingsidappaipéehtdaiasigarb HSimplemented
sugkﬁgsted in Figure 3, the same general 25 configiuration may be

eMBIb R ROAING Rk Thend 5 S IrREpYIsd By ARAIER, capgrol signals. In

cermpepIent snisieeh ta tir IRV EM St comisatdrabians Imay e sepasdingd, and a
on whether the RX amplifier 108 or the TX amplifier 112 is implemented.

Félfl%m%l’oﬁ Ctﬂlétr&];lé]éterface may be employed instead.
Directing attention now to Figure 3, further details are provided concerning a

control device, exemplarily embodied as RX amplifier 108 and TX amplifier 112, for
controlling the polarity of a data signal. As suggested in Figure 3, the same general
configuration may be employed for RX amplifier 108 and TX amplifier 112. However,
the components used to implement such configurations may vary depending on whether
the RX amplifier 108 or the TX amplifier 112 is implemented. For example, in the case
of the RX amplifier 108, a relatively larger number of gain stages may be employed since
arelatively larger gain may be required. In the case of the TX amplifier 112 on the other
hand, relatively large high-current transistors may be employed as necessary for the TX
amplifier 112 to drive the required current to the load.

Exemplarily, the TX amplifier 108 includes a polarity inverter 108A, as well as
two output stages 108B and 108C. Similarly, RX amplifier 112 includes a polarity
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of the RX amplifier 108, a relatively larger number of gain stages may be
employed since a relatively larger gain may be required. In the case of

the TX amplifier 112 on the other 30 hand, relatively large high-current
transistors may be employed as necessary for the TX amplifier 112 to

drive the required current to the load. Exemplarily, the TX amplifier B@Buary 2007
includes a polarity inverter 108A, as well as two output stages 108B and

108C. Similarly, RX amplifier 112 includes a polarity 22 February 2007 14
invieeer HEA and to aupytitegssdd 28 aplddd @1 atlentt e sBrprediments of the
emRogipents phshes TXIPMRRHESHL Qfhamiwvelh as AeB X RMALTRT kg stage (not

further include an input stage (not shown) as well and may include

adbnTohar b pitsd gesy THU yditigahpHfist sosfigurahierierageing amplifier
e%%ﬁ?@ﬁ%&tféﬂb’aﬁ‘@\éé?eﬁﬁld&‘@ﬂﬁfﬁ%@éﬁ Vﬁﬁ%tﬁ@&%ga@&grii@meﬁ%k@cﬁéi}ﬁkr herein

some embodiments of the invention may use multiple sn;??Ie-stage

athplifiirs pieRosimenthel the iseagendrapMrsrmitlSpiasia gl sigepamplifiers instead

Q%F‘ﬁ'i@'rﬂiﬂ&s?d@é %mﬁi_ifﬂ%'i ‘_Pl'lu@&%@'iﬁqxﬂkg@r&@f‘f'ﬁﬁ Horuseibl Ry amplifier or
implementing the functionality disclosed herein may be employed.'}ll'he ,
ilICRAUERE HeiRp SaIFHERItONTURCARh i ABPIReAHA R e s i ppditelosed herein
eaely d0LeRkgRred with three control inputs, though various other control
inputs and combinations thereof ma&be employed. As discussed earlier,

the TX ahhsiifestesgdsnkadhpsnitiab F¥canmditive HoRmas Rigiapkifigid 12 are each

pelafiydrEriei 08fbeanddQ@IeGRPRthendursR TvaRdut XANP enabs Eihﬁuts and
the 108B output stage and 108C output stage, respectively. Similarly, the

RSOBPIBRHERY thereod Shy BFedl PeskivA tes eikise ea&lishaths: Reapenlifigr 108 is

13dnmelie 14 2R ARAHO TREEN EstBRaRE e pAREHRNAME: 308IRI% Rt theeceive the
112B output stage and 112C output stage, respectivelg/%As discussed in

orEX el BRdaiPHAMR sigratpRt BRI QBUL st RadrBO UK Haeg AgsPectively.

TXANESIdR8IR X0 afIET&te 2N udptbsiene) &k T Rxadgstesir@dhe polarity
characteristics. Likewise, the RX amplifier 112 uses the RXPOL, RXRST

MR REEAMB A RHIOARCE G bR RIKP A bt I h sierskinthe L LA pryput stage

desirad mhaiapteristics résphauleipe noted here that the various types and
combinations of amé)ljfiers, as well as their resiective functionalities

disclosedhasHeard Sy &rapishill Prigiote diferBRidich 08 6t the TXPOL,
SYStERITSAGddeN s siayl aliernativaly amplgyadsi b oNRePn/ With/1he desired
foregoing, the combinations of functionalities implemented by way of

RRRSE pRXAMP

PRIRBCEE 100 akd\ iREtiLRS BREMMIUNFBAly dift e TSP ite
theseope etieeisyantianpin apyWRXFCTe/dinglyaadekitienaharacteristics.
alternative functionalitieg and combinations .. -

It should be noted here that the various types and combinations of amplifiers, as
well as their respective functionalities, disclosed herein are exemplary only. Various
other types of control systems and devices may alternatively employed. In connection
with the foregoing, the combinations of functionalities implemented by way of PA/LD
100 are, likewise, exemplary only and are not intended to limit the scope of the invention
in any way. Accordingly, additional or alternative functionalities, and combinations
thereof, may also be implemented by PA/LD 100, as necessitated by the requirements of

a particular system or application.

C. General Aspects of PA/LD Operations

With continuing attention to Figures 1 through 3, and directing attention now to
Figures 4 through 6, details are provided now concerning certain operational aspects of

the illustrated embodiment of PA/LD 100 and various related components. With
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thereof, may also be implemented by PA/LD 100, as necessitated by the
requirements of a particular system or application. C. General Aspects of
PA/LD Operations 30 With continuing attention to Figures 1 through 3,

and directing attention now to Figures 4 through 6, details are provided

now concerning certain operational aspects of the illustrated enpoglipigty 2007
of PA/LD 100 and various related compggents. With 22 February 2007 15

attention first to Figure 4, aspects of an exemplary method 400 for o
reBEINNG diat okt -atsReEBN A Gt SHEBIN Y anateol fiPafer rageiving and

Particklaih AhState ARt haranialdigralintialytransmitted from the
digital 1C controller 200 is received at the PA/LD 100. Exemplarily, such

signals rE1RR U1 dhEAE dthe FinRngs ahdgnd dediiiy srmsrided ey the digital
Ry NS dneOR%) alioof EP RAROPAV aNd dbe disah REpt QfRAILR RG] ate to,

Some of the control signals transmitted by the digital IC controller 200

niEY B RBeiVBIEY the BIgRaTCRRRDITIIAAcanbR ¥iPn7 theigwitemeof TOSA
OHIRYLORURhSIRARHRASHIERA Y the @Qﬁ@ldﬁmz;ﬁ@!ﬁ%%m%ﬁﬁed by the
u

the TXD signal, are received directly at the “glue logic' module 103. This

affigiigbthertng At exatiprmnP o gk dhe shigi b roriEch reigtassel 02 of PA/LD
SQlBMES fObIRGRIp G5 DGR YNG-SORtR 1 Hg IRIAL the @ AShRoHRP 1DEYs & as the

implemented. In general, the control signals transmitted by the digital IC

. eral, tl ) g .
cantidirsrborEnscrbcehle ety tha/iehve ngicompgruls JNé- of Pibpgrangement is
digitahwerdsnramrised sl avdatinedi:seaHensaheigialdits WHigkbMARY control

constitute instructions and/or Barameter values. 15 When the control

sitjgarAS Bedriede i mtyReiBPIgBcHEde 404 is entered wherein the
glue logig pexhse, 108 RAiseSBRLONR Rigeal RN euastsl the digitdller 200 and

words, or portions thereof, into the various discrete instructions and/or

paraThed A AnB S WReN 0L e s teimasmibietad Warske ayBnd eriafadiefined
Atdhirstater ingiglleidosihodite L0 ditretmthanasedramRimeter values.

the data signal to the a%propriate 20 registers within the glue logic

mYdsRhe eSS Rap st EarrEeh B vith! A sirtie afky ippereavherein the

pargethsraments 00tha datarigna6R thshe Eterertiie & Farwetds, or portions
consistent with the way in which the particular segment is to be employed.

BiGTES of e mptE o RS SIS HHSHOBS BB MRy A concerns

the threshalg foidhe hSigrahipisiadestitea0G dhatdéd Confiil eEht® the glue
communicate with the LOS circuit 110. 25 At such time as.the incoming

cOPRIOIBRIMAF NS BHERT D PSR régitetsqotBe SAR 518t thefe appropriate
pestasms RS tstielns hasedwininethepeansse sastuetions ar@feiponds with a

particular DAC, the parsed segments of the data signal can thus be stored in a manner
consistent with the way in which the particular segment is to be employed. By way of
example, a parsed segment of the control signal that concerns the threshold for the LOS
signal is stored in a DAC that is configured to communicate with the LOS circuit 110.

At such time as the incoming control signal has been parsed and registered, the
PA/LD 100 then performs various actions based upon the parsed instructions and/or
values. Thus, control information concerning a wide variety of PA/LD 100 operations
can be transmitted by way of a single control signal. Moreover, the control signal
requires only a single digital interface at the PA/LD 100. This arrangement considerably
simplifies the physical implementation of the PA/LD 100, as well as the processing of the
incoming control signal.

Directing attention now to Figure 5, details are provided concerning aspects of an

exemplary process 500 for implementing actions based upon one or more control signals.
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values. Thus, control information concerning a wide variety of PA/LD 100
operations can be transmitted by way of a single control signal. Moreover,

the control signal requires only a single digital interface at the PA/LD 100.

This arrangement considerably 30 simplifies the physical implementation

of the PA/LD 100, as well as the processing of the incoming contr@tebruary 2007
signal. Directing attention now to Figure(%, details are provided concerning
aspects of an exemplary process 500 for implementing actions based
uporiisaaserdhbslevedrigeiesigieais toonbeesiiar oorl aepad s cusBag exemplary
beloesEiaHterrdeRictsn CpHAIRUENRIAARRRLER R RURDRMAXEMBIRLY of the
process, and reference to more particular implementations is made after
afpReass ol mbaisebieekigiigstizare beepigddecssetve been addressed. In

general, ;5tate SR isensered wheteiMitg alusdogic BRAUIRA0R 2696888Ses and

and 5 retrieves the instructions and/or values stored in the various

re§ISRYRS NektsSteidonoand/nrired WHeddmthse appieEsis DTACN g S04 is
e, RECESHRGIISHHCHIIR M1/ DAGIURHVERThE ISR IR ARRIPELIRIR - RS values

this conversion has been completed, state 506 is entered and the

apie b AT o i@ and HaEiic eoYRESSB tih esatol Blgisdisstate S06 is
the RPRIARIAE APRIfISISDIREIES0E: Hhe FRRIRRRISRPIRIiLESASRRIEnals to

the analog 10 signals and then move to state 510 where various actions

atBSARNEYRE AR AR RS gard (52t e0Sighsl SRRFPPHHR RBDEHAMISHRBIS Bifeanalog
cRNERINEAI ReAsRACIBRIFXS ORI A PAKGR QBEsATARSi mPY ARG K regard to

TOSA With more particular reference now to the input customer data
sitsai gnain Wi g e hRelfiga ereiepiecifel104G, respectively,
convert fye Worsls, Qit9BItisSRANeI0N 19 BRgGHe TIN i HIRRSHIRTOS A

time, TXIN+/- amplitude and TXIN+/- polarity, to an analog form and then

transmit WWEMMAIS PAHALRS TSRS ERM B Aht i PPR P BloRgir b igalel X IN+/-
tq Fi¥urep)ifisA &3 2.0 espanasd therGXraspadifiesf 1othen asiustsdbor portions

transition time, amplitude_and/or polarity of TXIN+/- consistent with the

h
TSRPORXAlRiB R RPN gndanoore SpaciveiiN a6 rspalauly fgd TXIN+/-

CORVATESIENah TXAND/ fiR0 asignal THQHT e thatés SuitallerieRATIXGAMP and
the VCSEL 302. The TXOUT+/- signal is then transmitted by the PA/LD
16@%@@£@@§ﬁ?3ﬁ@§%?@@%¥f@f thiirse, this operational scenario

concerningrtRposse, ehdhexcampiration ofitha TXRsts TheAMM @A TiROlmplitude

signals is exemplzéll{;\% only and various other parameters of TXIN+/-, and

cORBH R dSE B AP B TR HHEY i Aot b OME A Tl OL signals,

respectively, as necessary to convert signal TXIN+/- into a signal TXOUT+/- that is
suitable for driving the VCSEL 302. The TXOUT+/- signal is then transmitted by the
PA/LD 100 to VCSEL 302A of TOSA 300B. Of course, this operational scenario
concerning the use of the combination of the TXRT, TXAMP and TXPOL signals is

exemplary only and various other parameters of TXIN+/—, and combinations thereof,
may be monitored and/or controlled as well.

With continuing attention to Figures 1 and 2, details are provided concerning
exemplary operational aspects of the TOSA 300A. In the illustrated embodiment, the
TOSA 300A receives the TXOUT+/- signal and the VCSEL 302A then transmits an
optical signal (not shown) consistent with the received TXOUT+/-. In this way, the
performance of VCSEL 302A can be adjusted and controlled in response to variables
such as, but not limited to, temperature and voltage, so as to achieve transmission of an

optical signal having certain desired properties or characteristics.
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With continuing attention to Figures 1 and 2, details are provided

concerning exemplary operational aspects of the TOSA 300A. In the

illustrated embodiment, the TOSA 300A receives the TXOUT+/- signal

and the VCSEL 302A then transmits an optical signal (not shown)

consistent with the received TXOUT+/-. In this way, the 30 performpasi@ £l 2007
VCSEL 302A can be adjusted and contrpiled in response to variables

such as, but not limited to, temperature and voltage, so as to achieve

transmis&forvbftaptidbtide SigsdinavhigedtaiRld 8¢ Adisrsputtidie ptical signal,

ChRtaRiBIIRiGe. 30F2REENE2A0 Teakl ApsHRsIARtIALY cFBGg%flmgnﬁ'In&a%miued by
the VCSEL 302A transmits the optical signal, the photodiode 304A

re¥ENEL aPieastinpibriits Bhatdisteciitiyernaraas At e@mynNAEIGELXP signal to
3%igﬁﬁw,cmr9h@9@m%%9%%%%§e PSS INEe PR A 300A. In
er e

sqinal o the digital IC controll 0, thereby indicating the optical power
offiiee B0 smenRiBx G baR s iamlameatal oarverdortrpldiihamonitoring

Pimesbh ey S e iapliaLs AARAFONAGHHTHIRAIWIHIARSPESIHO TXP signal,
TOSA 300A performance. In addition to the TXP signal, the photodiode
3thephniediRdret St s dineaagiatatantheanniyhaT £seg§éhs§éélﬁq%ﬁftﬁ§r further

deitali Pelayw the TPLISIgRAl IS empISYaE iiNtRiSRXRPRIGYRFORAIREHS R ilitate
facilitate control of TOSA 300A operations by way of power supply circuit
168040 Bf JENAP Ot PRAREISS BRIy er QiP 206 ISBR IhelrFXit é%%u, in

conjunctigyvitha g YT SI9PR) IaUaNH@SseeARSERIYsi EMaliNRUbRHKEMSn with
to the VCSEL 302A. As discussed earlier, the TXI is generated b%g

TS A BES s ignalingicaids RREGeIBY- chfrdmRUt WHIRHY tRethio¥@StdoAU3A. As

opelalived Ontbe gihaniiandethedd el slgnpbIarsesaNisddarised the level of
VCSEL 302A bias point. Typically, the value of the VREF signal, 15

exPrEddc abishibRal iéreRle Vo pRgEtiagspllinidg piaiditndche VREF signal

conpreliaitZQAandd tansritten 10uie FovtDripRaspad ¢41aCOHMeIVREF signal,
signal. The glue logic module 103 cooperates with DAC 104G to cause

tHE BERSA GO AH S ETFBSoNVrEfe YRRIEISEHEY daHa! Jovrontialpy200 and

citemntRRd b uke IPAMEr® YO0t Bhiher feedhask yetageriiemibaokid SAodule 103
300A, indicated by or 20 derived from the TXI signal, does not match the

VEGEPeLiRaY FUHFA LG tagauadhe RS A Sptysemstion O B I signal

the tljowet tapps TR|A BEA until a match is achieved. Thus, the
power supply circuit 106 uses the feedback provided in the form of .the

TXI signdM Bbﬁ]ﬁﬁ}é%ﬁ%ﬁ]i‘?ﬁ%eﬂPéaléf’éﬂﬁ%ﬁ‘Fefa‘)FBfQFeTuQé‘%éﬁgé;ingicawd by or

pyidedfinihehefonm afthe ¥R signeh teedargming drefadiusividitage, then the
necessary, the input power LDI to 25 the VCSEL 302A and, thus, the .
oPHRA SERRD G TR T8 AYTA B Il iR thihd OSA 300A until a match is

achieved. Thus, the power supply circuit 106 uses the feedback provided in the form of
the TXI signal, in conjunction with the predetermined reference voltage provided in the
form of the VREF signal, to determine and adjust, if necessary, the input power LDI to
the VCSEL 302A and, thus, the optical power of the TOSA 300A. As noted earlier, the
TXP signal may be employed in place of the TXI signal to provide similar control
functionality with respect to TOSA 300A.

As an alternative to controlling various aspects of the TOSA 300A operations, it
may be desirable in some instances to suspend the operation of TOSA 300A. To that
end, the TXD signal is generated and transmitted by digital IC controller 200 to PA/LD
100 upon the satisfaction of certain conditions, and/or the occurrence of certain events,
relating to the system. For example, the TXD signal would be generated and transmitted

in the event of the occurrence of a predefined fault condition. In cases where the TXD
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TXP signal may be employed in place of the TXI signal to provide similar
control functionality with respect to TOSA 300A. As an alternative to

controlling various aspects of the TOSA 300A operations, it may be

desirable in some instances to suspend the operation of TOSA 300A. To

that 30 end, the TXD signal is generated and transmitted by digitaH&ruary 2007
controller 200 to PAILD 100 upon the satgsfaction of certain conditions,

and/or the occurrence of certain events, relating to the system. For

extampBathecneenergied| and tienpaigeAchaBd Add tPasrartsl arihnd elsignal by
of dhRiRseHEERcE R FoRGaRE NSt UL CRNEHIOR S Aasaa éﬂﬂ@&%’lﬁaﬁ%@smon by

22 February 2007 18 signal has been generated and transmitted, the

PARTAIEE fedpondswrhel el Sibhaensl: (BaiemsaFsies i saraeomeenced
Lbsigealin B9gR BAV DA, BEsCaisaiamissial iywl PstAnd08/hble’ pin of

upon receipt of the TXD signal. Data transmission is then recommenced
upndigialsomiolHate el 980, of an appropriate signal by way of the

‘enable’gin of &ﬁ@aﬁﬁ%@gkm msfé?@rﬁio%nq@é S EKSPAMYlifiers
PA/LD Operations - an mplitiers t should be note
h&dR@9certain general aspects of an exemplary process 500 for using

control deviggiSHehASAPRIfIRIT LR IMRIERRNL GRS CRANSRRINGry process 500
various 10 optical devices, based upon one or more control signals

rfCEYEAFERRECHYARSE HShtRS PRI iR Fetostplan HihAS hivesaeRPBEIBENE Various
dissiissegtaeverc@npRatione Wi niisu @ nof eardinglye thel falawin digital 1C

discussion will focus primarily on certain exemplary implementations of
provdlisney gtharsguicmtbays tecubebstp Aisrue R Hlifiernrsgondth Figure

LOS KirsbilikEdane/ab ey RO GRB30BR 1aMidaue ppeed diRsioio (BRI ARAmplary
300B, it was noted earlier that ROSA 300B converts an optical input
sighRicRsasiensLAHBtsHodE 3031y Kt diedprralisynbiheBihwmplifier 108,

wingh sshaaueaeyadday:ithe ROSD B In general, the PA/LD 100
controls various a;;)ects of the RXIN+/- signal, in accordance with a

control sYHA TeRsRidr s BRREGHA I Boitrame motist sHshapH&PSA 300B

ReINBrtSignaticdhppiransmitieddyetha HoBabde 10D80i4Re thUSIeRIEEal signal
as the RXOUT+/- signal. Aspects of an exem Iag/ process forgperforming
]s(%)n !

VOIS peifBis R eSS BRERIAP Hndh geherlidee ke 100 controls

RQS6u3@9RMIbnew RECeHsidRird, in fdehaandetithlndoattisilandPRAtesved from
104A, 104B and 1041, res(gectively, convert the words, or portions

tHBFY b e cEdieEigihn SRS AR RN Steitichetan X figd by the

PA/LD 100 to the customer as the RXOUT+/- signal.

Aspects of an exemplary process for performing various operations concerning
the RXIN+/- signal generated by the ROSA 300B will now be considered in further
detail. In particular, DACs 104A, 104B and 104I, respectively, convert the words, or
portions thereof, of the control signal relating to the RXIN+/- transition time, RXIN+/—
amplitude and RXIN+/— polarity, to an analog form and then transmit the analog signals
RXRT, RXAMP and/or RXPOL, to RX amplifier 108. The RX amplifier 108 then
adjusts, if necessary, the transition time, amplitude and/or polarity of RXIN+/— consistent
with the received RXRT, RXAMP and/or RXPOL signals, respectively. The modified
RXIN+/—, denoted as output signal RXOUT+/—, is then transmitted by the PA/LD 100 to
the customer. It should be noted that the foregoing operational scenario concerning
processes relating to the RXIN+/- signal is exemplary only and various other parameters

of RXIN+/— may be monitored and/or controlled as well.
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25 amplitude and RXIN+/- polarity, to an analog form and then transmit

the analog signals RXRT, RXAMP and/or RXPOL, to RX amplifier 108.

The RX amplifier 108 then adjusts, if necessary, the transition time,

amplitude and/or polarity of RXIN+/- consistent with the received RXRT,
RXAMP and/or RXPOL signals, respectively. The modified RXIbfebruary 2007
denoted as output signal RXOUT+/-, is then transmitted by the PA/LD 100

to 30 the customer. It should be noted that the foregoing operational

scenariole GHEEIAMG thedREdBeralatigliertiscr XU Bfghal F90B also generates

exRIMRIaYs Y and MRPRUS RINRLBBARRIRNSi AT RXWH{rM@Y 298 concerning the
monitored and/or controlled as well. 22 February 2007 19 In addition to

tHPRORINAGWETgRAI RIsteisdel 488Be, D 8MgabBs I yenBearaREHROSA 300B
RyErsianalwhicly sravidesisadhach tardigikas oo LARIRTRORXP, TXP and TXI

concerning the optical power of photodiode 302B. In general, signals

coHEaiFimpRR OS2envaBd seddrrandecdadbsiamiaihe gorHuatel ¥ g Any other
3Q0Arsuchias the RXP, TXP and TXI 5 signals, may be generated and
transmitted substantially continuously, or on any other desired basis. In

addition & hioming WFRlis prrEntsRrs BRI RERX Wirfe stmoiithed@ients of

op RAMbO dOARra1bseseRiigiad R MABHAn AN &R AL O REREGESIRE status of
the status of RXIN+/-. In one exemplary embodiment, DACs 104C and

188N 6w i e Fplas eI HmeRteDudtd Huts, YeddRH spansdidrdlysteresis

|G ePHFedIRN 2AR AT VORER ProRPHISRA ToersRfoliean@Ralos:iRER fie dhetereof,
transmit, respectively, the LOSHYST and LOSTH si%nals to the LOS

citR it Anpdoeriosm ensl B DT Hn BT RASHEDY s | HARd #ahbiRd Hheignals to
L@ Legnatdethecdighailosantinler #OR yhemn X RiINexcartsanfalishe LOS

below, a predefined threshold, and/or when no data is detected in the

RS- QighedigtatidSir e lles 2O ctibem R A ifmptshsefits gr falls below, a

hystaresisdunetiporRlibhtfoMminiENiae @itelisibiaceatias exine L Qs signal
that may otherwise result as RXIN+/- moves back and forth over the

predefinEaResHsI M paiitieiiial 1 thalie druieneats RxINSIE Rty EpUfRlity to
theinresefiged iirese sk drusstRrop S uhstantialinbeeneihate tigshalR X IN-+/-

before the LOS signal will be generated and transmitted. The same is

IRBRTES Bt aRd B exsk tharedeire Iistnd: abbpartifdisfedufbegvent that
thresiold- TR d4aRe6RNBAgSrdavRItIBIRRIIS, MaYubeddehiseskastially below that

necessary to suit the requirements of a particular application. In some

efREMEPREBT theliversBr, wibhegsecarerting wcblichy/ hyapds likewise

berinpleeaiedynits Respest tthihe st sinst R iNEshofd. AgRa@er and/or
of Exemplary Signal Polarity Control - RX and TX

lower thresholds' may be defined as necessary to suit the requirements of a particular
application. In some embodiments of the invention, such loss of signal functionality may
also be implemented with respect to the customer signal RXIN+/—.

F. Aspects of Exemplary Signal Polarity Control — RX and TX

Amplifiers
As noted earlier, the functionality implemented by the RX amplifier 108 and the

TX amplifier 112 includes, among other things, controlling the polarity of the output data
signals RXOUT+/— and TXOUT+/—, respectively.

Accordingly, one aspect of the data signal polarity control functionality provided
by embodiments of the invention is that it allows for a relatively higher degree of
flexibility in terms of the layout and implementation of the components that comprise the
PA/LD 100 and related systems. In particular, because the polarity of data signals

received at the PA/LD 100 can be readily modified, prior to further transmission, in
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25 Amplifiers As noted earlier, the functionality implemented by the RX
amplifier 108 and the TX amplifier 112 includes, among other things,
controlling the polarity of the output data signals RXOUT+/- and

TXOUT+/-, respectively. Accordingly, one aspect of the data signal

polarity control functionality provided 30 by embodiments of theJpyeBiesy 2007
is that it allows for a relatively higher degree of flexibility in terms of the

layout and implementation of the components that comprise the PA/LD
100RRTdfeersfislerignah BdptielldFoeiggaarie tnhdtgan giaeakigparag the

@ﬁ%@fﬁiéf&ﬂfﬁ%@&%@a{k%é aadilyi Redifiahe REAELRIMERGE the PA/LD 100

transmission, in 22 February 2007 20 response to a control signal, it is of
litancaHEseitia clitesigat a0 asgieal @8¢6ring the PA/LD is improperly

polarized sias et PR MY SRR A6 SRS PR RRIO I NG AP HOse with which

transmits the data signal on to the next user. Moreover, the use of a digital

cOptfotigtelraetal¥ocentigheas e Badenmmiednidn Breita digHia digdatycontrol
conughean heprpiesrentsddrnartigyidedhgdigitabronloIMEHAcR IS that have

adapted for use with data, representing multiple control parameters, that

h&6en BRAADISYRTIRIREISnES Y -¢ioatfalwigeHtrol BigntignaF Rakiriyerytrol can be
PolpibHaRiol £an hadwrlRmensa fAs RN MvhaBt ComPERRIsINgtBe control

number and type of other control parameters that can be multiplexed into
tHAEBRRFeTSSHiR A becamiiplarduer sigsontaisigitlal polarity may be

accomplisHaebinV AP aY SatS9EAa] PYBMBI3M VPR IROIHMREIRAS A% irious ways.
addressed below, however, other processes and methods may
aROFRSRAERIAT: AL BEN WiAaRT aferadiiesrs 4 Bel oo W rsH O SighRliogssses and

exaHes HgyRelabot e utpibydata signal TXOUT+/- is changed by
electronically crossing-over the TXIN+ and TXIN- 15 propag}g}’éon paths,

which calfdbsshaensesRse sighailis b pdgntbiarsgraniepRmPalarty whikgoutput
theybX AT TSIONa wod ipiherise ke Sriv APAERLE thoa b MBE TVEINa- ahB e X IN—

foregoing polarization adjustment scheme is likewise germane to data
sigfiRe Bt EhsBSRUHRs s BySHE R et inaTepieaderbens fhe path along
resRRASAEOTIRO BXP Qknsignahld diRcalRth ek ¢a$Ro pALidNahiNVRFSIOBsa. The
can be accomplished by reprogramming a positive gain block to be a

NEYSBOM g AR BIBRKOB RS RS RETR StHEERISHRSIEIIAG (R Saidsignelpolarity

badgiegremmaddomags Rrouapefibel GBROIENO gRi-black Gotougm@R X POL
negative gain block. More generally however, any device and/or process,
oA bination

In another case, the signal inversion can be accomplished by reprogramming a
positive gain block to be a negative gain block, or vice versa. As another example, the
data path can be programmed to pass through either a positive gain block or through a
negative gain block. More generally however, any device and/or process, or combination
thereof, that is effective in modifying and/or maintaining, as applicable, the relationship
between the data paths so that the appropriate significance can be assigned to the detected
differential between the two paths, may be employed.

As suggested by the foregoing, a variety of means may be employed to perform
the functions disclosed herein, of an amplifier or other control device. Thus, the
embodiments of the amplifiers disclosed herein are but exemplary structural
implementations of a means for controlling signal polarity and, as such, those exemplary
implementations should not be construed as limiting the scope of the present invention in
any way. Rather, any other structure or combination of structures effective in

implementing the functionality disclosed herein may likewise be employed.
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thereof, that is effective in modifying and/or maintaining, as applicable, the
relationship 25 between the data paths so that the appropriate

significance can be assigned to the detected differential between the two
paths, may be employed. As suggested by the foregoing, a variety of

means may be employed to perform the functions disclosed hergirgepta@ity 2007
amplifier or other control device. Thus, the embodiments of the amplifiers
disclosed herein are but exemplary structural 30 implementations of a

means f&F-contfeenezalidspestsiafia Programmable/bsanseeivetn|ary

implemeR{afinpg3ReUbue! ke Cansiived 6S Aping R REAREIA NRpects of the
present invention in any Yﬂvﬂa%/ Rather, any other structure or combination
I

oPeriitRiedl dhediddiR infblarasntingade. bR HOHRAIRIHSENISeR Vordih order to
MR HENIRDEEMRIONEEh AR FRRIMAN RO er i@ <GRAREAL ASRELIS A fce the

Programmable Transceiver As discussed above, it'is useful to be able to

cONEBIl ARt e bexBtie MpHratisnasiatsd PANSESRE, Mg Srodilydevices.
thg RERGGIAL A TANESEME brib UHREIR cﬁ@ﬁ@[ﬁ%ﬂﬂ@?ﬁa@‘@&ﬁ%‘tﬂ@d to enable ready
environmental and operating conditions, and to enhance the 5 overall
opERAtRalAtcasish R caBserIe awars ithsir fystarmangaanbonesation.
Accordingiyreah eashIanT E-RBRAdIN B Rf G IB\ENIRN AT RRINIGH €FrtRed to

enable ready implementation of changes concerning aspects of their

pEFRSHARED IR EEn MR FafFrinathd @ mpraNesrt daifehts afuser to

the-devantioRare Fiesiediie (RIRQERMGNIR Hanseaivers aRd@iREiver or device
devices that are configured to enable a user to 10 prqgram, and

refogrenin e hESEERRT or ety seeinhdihre drAEReIYr idenfes herein to

avia

SiRTimh e AL GomIARNGS ARiatysseRiIRIpEBIRTAStALRERWIces to receive,

0
references herein to “programmable’ devices refers generally to the )
CAPABIIRBFSUCH AV ic e HreBYHY SR RAAERCE RIEGTATAMS  Instructions.

medivigRI@EMeHR O o ARING MetidaliRnmE $eaelakYively, configured so
embodiments of the invention are additionally, or alternatively, configured

seheEths A0iHE BaN SO R RSO P BV RRSEY SR @ I Pe FstRsAch Y dher device can be
trapgeaiyel Wrigaeycamie tRerFOREeH cPBr ek 1Winileh thFcHAMSCRIVES.
or device is in an operating mode. Implementation of one or both of the

aforemeHBIFEF AR AR, it cBAHe HoMGitHAFaeiRgdy mgtionalities, in
CRBHRY ARREGISHIIBE YssEshQaiRy el aspeaRsdtbalsyempianerein, means that

embodiments of the transceiver are able to readily accommodate a )
dyREmRaTy FBbariReg Al Rt RS R EADIFHOd B ILh afgapdate a dynamic
PEpeaceiss e ifateeatiofip e GPERGE D ARLRNNG [agtitWenis ad@ variations,
operating, conditions, and other considerations that relate to or implicate

in° B8RS WA R Bl RAtithT R A SIEENOE GPHFi PR il considerations that

relate to or implicate in some way the operation and performance of the transceiver.

With further general reference to the aforementioned feedback and control aspects,
exemplary embodiments of the invention are configured with feedback systems to ensure
that the performance of a particular system, device, or component remains within a
defined range, notwithstanding that the defined range can be readily reprogrammed.
Attention is now directed to various general aspects of an exemplary
implementation of a programmable transceiver. As suggested above, the transceiver can
be programmed at various times, and in various ways, to achieve certain operational and
performance results. For example, it is often useful to specify and/or modify, through
suitable programming, various parameters of signals asserted and/or de-asserted by, or in
connection with, the PA/LD, where such signals include, but are not limited to, data,

monitoring, power, and control signals.
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With further general reference to the aforementioned feedback and control
aspects, exemplary embodiments of the invention are configured with
feedback systems to ensure 25 that the performance of a particular

system, device, or component remains within a defined range,

notwithstanding that the defined range can be readily reprogrammecbruary 2007
Attention is now directed to various genepal aspects of an exemplary
implementation of a programmable transceiver. As suggested above, the
transceivdlecangiid pPafrasigied heyasusimeso g RcdariBuscaripstien  with
aGhioNE ERMABKOBLIAIGRALARA 30 PRHAIDIGEIRILIEX HADRXUTPIS i iimable
often useful to specify and/or modify, through suitable programming, ~
vAHBAL RRarEIRISEs 16 O dfg eI EesaelrtbBiEdd b s e sksrtvachyigapipolarity, signal
CQRpRLAan With fag1 PAY ke WORKE- SUAR- RIORRISHREIGEN UK AR A gnal assertion
limited to, data, monitoring, power, and control signals. 22 February 2007
2anfiethesli pathradields trameinss Hrogrdrirae drinscoamictitn (gitpls”) may be
inpiemanirioRsfthe invention are virtually unlimited. Examples of
programmable signal parameters include, but are not limited to, signal

rise timeA8ighegsid iy, Bryfeiesamsitttn ey sigradanairserfdhsginvention are

agBREECADRRINNG Bl8 PRbRrAMeh ASPIEN RSIBHeRRsBRILF RIASSEHI9nal, such
thresholds (sometimes also referred to as signal "trip levels") may be

progrlAtihetnd sRItuAs It gaasRle BY Wed foraiBithy RsQerwpmipe of aspects of the

eqibediRanienokthe YENEARAIeheRRESIRPatTWIE W e RI QWM relate to
of various characteristics of the actual signal, such as polarity and

arhipiiigaal oo, stehhatiassewian ¢ sogisarinmiissaide akaotignal. Such
1Qisiginahiiakeyiitiles AAY SAMAMSING 8 GAJRGISAIM BPESIFC (9 IHRGh as “signal

nonetheless relate to the signal in some way, such as assertion and
d@2438EH8BN thresholds of a signal. Such signal characteristics and signall

aspects Majohe fRieriadabipisAliertyaly REID Ao griaNM IRRIBPISERLM one or more
Various factors may influence the need to program and/or reprogram one

o R PABIBRIFS pEaaterd. BYRRY-of SRARSHIEN AenkRG At e iresystem in

raienabtieSystE MHRhGAP RARHIQAVWIR ¥hithy e HRASCEYET 12 eMBIRYSe to a 10
such as from a 2 gigabit/s rate to a 10 gigabit/s rate, implicates a chan

ingtgBDRGTA- dBREF A A STRaReHt B fRkebpfieavreBRld? Gqident on tRe optical

transeRiVer.the thisseXaePIB muckk anshaNgR ik MEIGes ThReM@H R n@brdingly
necessitates, among other things, reprogramming of the LOS assert and

JASSESERISH RO RILT RO L HERERE WD e Adddsyitstbgnd de-assert
wihigesh dQise iRl ehdhise fleSiiedli0o Kmexe dhadianbeRiVer Faim@SYSieMBsired to

having a first line rate, and install the transceiver in ) L
remove the transceiver from a system having a first line rate, and install the transceiver in
a system having a second, different, line rate.

Other factors may likewise necessitate the reprogramming of one or more signal
parameters. For example, a system protocol change, such as may occur when a system is
upgraded, or when the transceiver is removed from one system and installed in another,
would require changes to any number of signal parameters.

In similar fashion, environmental conditions may play a significant role in
determining whether or not reprogramming of signal parameters is required. For
example, changes in the operating temperature of the system and/or transceiver often
implicate a need to reprogram the rise and fall times of certain signals.

With reference to one particular example, it is sometimes desirable to provide for
thermally-based correction of a Vrgr input to a power supply circuit (see Figures 1 and

2). In some implementations, such corrections are performed in connection with input



10

15

20

25

30

a system having a second, different, line rate. Other factors may likewise
necessitate the reprogramming of one or more signal parameters. For
example, a system protocol change, such as may occur when a system is

25 upgraded, or when the transceiver is removed from one system and

installed in another, would require changes to any number of signa&ebruary 2007
parameters. In similar fashion, environmental conditions may play a

significant role in determining whether or not reprogramming of signal

pAPERHEG FE0IY ASGUMPERPTIEG? teRREBIICHIsARRfes SR Patatifyransceiver. In this
termpaALure 95{3&%t9gﬁ9@/&rogﬁﬂ§ﬁewqwﬁ%gu§é9 implicataa naehiopower
reprogram the rise and fall times of certain signals. With reference to one
pArsmaitek i ipre TR 3Rtk mbenddsitapiaciatBrentiEfosystem, TOSA 300A, or

thanalishased eRIFBREAR Bf BeYRETANRWiIRIA PRNEESHRPIVEHGULIE#RNd.

Figures 1 and 2). In some implementations, such corrections are

performdbisitPebhbreatsd With Hfplfrozomeningyiptnded Lorbedipb i fidhg gipustive
apRrepriRie MR %QW%E%Q%@WMM@%W@JF&H%%@%iH@ Hi8ne or more

example, a particular VREF is programmed that causes an increase in the
pbemeasthite i galevith ghicdoba tines trid i pelrsed iy Seitend devices, are

SYA&Wn D FARCO el f RN EIGHRE M§t&9@ﬂ?z}e§3ﬁlé’f@§5€'ﬁﬁﬁif§l§tuaﬁons and

within a predefined temperature band. 5 It should be noted that the
forerbtinisthistite hedicPibthe dpvirakilisn ahagrstitrePIRgramr g drangest ver-

may imphg Q&%t@d@@f@s@!’%@a@ﬁéﬂ%ff CREAYRMNBIB0RE ABROHMY §nvention is
parameters of the signals with which the transceiver, and related systems

aMf LB S TRE TRBRCRIAEAM AR MRt AfoOsTaRtIBRE fati® fsagieriNFr so that
SERMHIR SXANPiihfitatians BRI QMRS tBatinaYhBAIPRM&modate factors
an

desirabiliti/{ need to program the transceiver. 10 As suggested above,

ofEcHspatnst Bte APlaRF ¥ANO FRBAES: ot ThEShVENABRITEN TSR B pgierimiuch as
raafp QHERGFANMINRG AMMA LS PERSFATURIRehBb INA HANSCRVRIVER IRRdre configured

various signal parameters can be modified may be necessary to .
alR GG AalE ALY <1 HGEM bR ASE R POt Bl Chaty s, wsdiegber. or in

emdraenenia factors such as temperature. More particularly, exemplary
embodiments of the invention are configured 15 to enable at least two

different BrdHSHRHRSE MBS MK ey Berbetd (tpimredPsPHgrmance and

alipenaiive ofiha {HEslk RERGANBINSIMOIE (1R WsRIiisnxNS 19 £psierizeaiification or
performance and qgperation of the transceiver consistent with the

re R B AT S RACH HAR U P PR BATST SE S By Rpershify cehigges to one
sighalopa QIR pYalHRselNRaievMent, ihtitRABAeSi PPN epkd SfaMare @hnsceiver
such parameters are desired, the user can simply reprogram the

trAFRUESty-

A second programming mode that is additionally, or alternatively, employed by
exemplary embodiments of the invention is an “on-the-fly” programming mode where
one or more signal parameters are changed or adjusted automatically in response to
changes in system protocols, line rates, operating requirements, operating conditions, and
other considerations that relate to the operation and performance of the system or device.
In this programming mode, no user input is required beyond the initial programming of
the device. In some implementations of this programming mode, relationships are
established between and among two or more signal parameters so that in the event that
one parameter is reprogrammed, other parameters may likewise be automatically
reprogrammed, in accordance with the established relationship(s).

Various techniques may be employed in the programming of the transceiver.

With reference to the first programming mode noted above, such programming is
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accordingly. A second programming mode that is additionally, or

alternatively, employed by exemplary embodiments of the invention is an
"on-the-fly" programming mode where one or more signal parameters are
changed or adjusted automatically in response to 25 changes in system
protocols, line rates, operating requirements, operating conditions, Béiffuary 2007
other considerations that relate to the opgration and performance of the

system or device. In this programming mode, no user input is required

beyemalaidnmploprerthiiig B tahe MEvreesahead e it RiEH RSB C bus
thi%@&ﬁﬂ%@%ﬁ@af@?ﬂ&%@ﬁﬂﬁ@%ﬁ%%l@@ BRSO REOVERUANT), but may be
er

among two or more signal parameters so that in the event that 30 one '
paratisatenirdrepBisraniyiets, Weherlpapans dtapicentafienidbeerocessor comprises
ayipmateallyr iRPHAgteENBEdy I ALLOIaNas IR BRoestaRishg Be external to the
relationship(s). Various techniques may be employed in the programming
ofiHBteaYEceiver. With reference to the first programming mode noted

above, SNGR*EAIAINNG IS ISR UaiYeARhiRe X8BWRIAENCes and techniques
implemented, with a suitable processor and software, by way of the 12C

bifay209 RN Y faife PR CEOB RRHENRIGitAP TS CERTABIY 0t (gBEntagaps of the

Lhebenay B PRIYJSMGHEHItOINRI MRS A8 WRlnitdSORB®r more predetermined
implementations, the processor comprises an element of the transceiver,

WHIRSHR SREICEISRICs e BRSErsadicm B b aseRIS AOA I HRE o5 teamSEivEsy line rate
A5 e hprilioc O ShNamIGPHOSEAIRING VAU EGREMAMSACs and/or other

techniques may be employed to this end. For example, some exemplary

infpHERSn o eVt do i arEN et R o hrbgt aprreniAtPAIBIRMOfhgpe more

MERHA LN RO RAARIRIMINgH 18y BRMGHA ALQHSHES idflementations of the
performance such as, but not limited to, temperature, line rate 10 and

syRY&RiBRotBE oPraEdBprhte yRaBigtivct R it Co e fshdiy dspieed to obtain
apdige@thaesayustemeaphaeyicas tattomaticalyprbanaanirdaingedged and/or

parameters of one more designated si(t;nals accordingly. Thus, the DACs

iSRS TR it BHS DA RRSHHIDHC HEp sttty evaluation by
dynaencapyr&@nil ONRshi @i ROtBf Ak dRIIFRANCIP AR Rarksbley fasiSoperators to

Exemplarily, any such changes in programming are logged and/or 15

triflrOiMEBaRE O AR PE FEAHEF SR At AW e for tracking and

evaluatioq Ry ssysiend e s dasiating s diasalgesibay khipisy¥adtures such
enables system oFerators to identify changes that may be required tq the

aftolRAFHP AP RISt HES St e rRrRORHGHR HghitHhis T bpsis. and that

emplavdedtas fieheas loakiep tahlemphahantaonsoitegidealiasieaty, Oom some

on an as-needed basis, and that ) _ . .
implementations of the invention, the algorithm operates in connection with hardware
such as temperature detectors and protocol detector circuits which provide input to the
algorithm that is then used to make a determination as to whether or not a signal
parameter change is required. Of course, the foregoing are exemplary implementations
only, and various other combinations of hardware and software may likewise be

employed in connection with the dynamic control of the transceiver.

H. Exemplary Programmable Signal Parameters

As discussed above, it is desirable to adjust various parameters of signals with
which the PA/LD and associated transceiver are concerned. The assert and de-assert
thresholds for the LOS signal generated by the LOS amplifier comprise but one example
of such a signal parameter. Directing attention once more to Figure 2, and to Figure 6 as
well, details are provided concerning an exemplary implementation of the invention that

provides for, among other things, programmable RXIN+/- LOS trip levels. In general,



10

15

20

25

30

20 provide signal parameter values for implementation by the algorithm. In
some implementations of the invention, the algorithm operates in

connection with hardware such as temperature detectors and protocol

detector circuits which provide input to the algorithm that is then used to

make a determination as to whether or not a signal parameter chapgs-isry 2007
required. Of course, the foregoing are exgmplary implementations 25 only,

and various other combinations of hardware and software may likewise be

eRipRIpEHRbEORRSCHBNISYieh gnaklgaalerice dnboreidhe adapsedr ehapging system

EXsRanians prosammaie.oidnal RarameiRr s Qiﬁ@%ﬁﬁ@@ﬁf&(%ﬁ ively more
desirable to adjust various parameters of signals with which the PA/LD

aRdER¥ danae altrEpsoslisoara pdibEna deirhecd BHERVER Hd hdiseiensiy vity and
thregbalds i@ d fiscsignaherngrated by the LOS amplifier comprise

but one example of such a s:ﬁgnal parameter. Directing attention once
more to PYéfliritontorinevrighirausedsinpelticieairsaheprivitiedr vonsaierped that

a'ill%%‘&ﬁ'_ﬂég W%i@@'%&ﬂ&%m shie vl ﬂ?éﬂtﬂﬁ&n%@é/ H%éﬁﬁﬁrﬁﬂg’ﬂg RXIN+/-
other things, programmable RXIN+/- LOS trip levels. In general, 22

r
Fés}%abgﬁﬁmlp 5.2k SHIY b ARIpTE10 i TerdRs EniRsil Al dises tippexemplary
reagily pdaptedriachanging systeieconiitnge PRIPEPIDARL IR EatESin Figure

while, at the same time, aIIowin%gor a relatively more narrow range of trip
[

cOnditiohs SR tRAS, HPelalce immpbventbniuriite defditiviRgnsaEning exemplary
pexprenaneaiohilg mng @iﬁf@@ﬁt?@éﬂ%- obAHbIRRNHAB-AQW (O FTIGHES 1 and 2.

6 in particular, a schematic diagram is presented that illustrates various
adfeteRVsr a7 aHgite Eohigural td LhvdnticaiesimRigsd ot rerptps-fianghe PA/LD
threshalds.1lbsheuleue nsediarRdhadolpadentpiraibitater digsupAAD 100 in
exemplary embodiments of the digital IC controller 200 and the PA/LD

100 RIFE PRI SHETEIGardh® il G A Sigstifidd fofiRalid firdsast some

detiis sencasnerere MRIRLY ihPlimplamensalions Mhtkass GomPAReMal gorithms
can be obtained with reference to Figures 1 and 2, Moreover, while the

L& GHReft TFTEIR dRd R R Rig0e B Hs Ko prratRCrifctie sa0pestigpowith the
therd&Pnehiadibdd R pkeisentamprisesa festienes!. thedildasd @B memory 113
implementations such as that illustrated in Figure 2. Finally, at least some

i sreiaasRY e B PR R e Grgyies irplt misaisd ¥ tiirdge digital

ofi@lgexithims 260and other materials and instructions such as may be
used in connection with the programming and reprogramming of signa

vith, ) |
paramet&sin Gind it Hiaee ihd RGO 2R 34 derpirapsdanssdmgifier 304B
thedPoBre(iriduterdde e Yo padimplemeptativdthimdéhnrehigial Gvas noted above

C?I?é{otlllleer E})—O'designation implemented in RXIN+ and RXIN-, as output from the
transimpedance amplifier 304B, refers to the fact that, in at least some embodiments, the
signal channel consists of two data transmission lines of opposite polarities. In any case,
the RXIN+ and the RXIN- signals are transmitted to the PA/LD100.

Further, a signal strength detector 114 is provided that is configured to tap into the
data channels RXIN+ and RXIN-. As further indicated in Figure 6, the signal strength
detector 114 communicates with the LOS circuit 110 which, in turn, is configured to
receive an input from DAC104J and transmit an output to the digital IC controller 100.
In one exemplary implementation, the signal strength detection 114 is compatible with
one or more ‘“Multisource Agreements” (“MSA”s) and comprises a wired OR, single-
ended, open-drain complementary metal oxide semiconductor (“CMOS”) compatible
output that requires an external pull-up resistor. This implementation of the signal

strength detector is configured so that adequate optical input power incident on the
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As indicated in Figure 6, a photodiode 302B and transimpedance amplifier
304B 20 are configured to receive the optical data signal from the

network. It was noted above that the +/- designation implemented in

RXIN+ and RXIN-, as output from the transimpedance amplifier 304B,

refers to the fact that, in at least some embodiments, the signalzhgeh@hry 2007
consists of two data transmission lines @kopposite polarities. In any case,

the RXIN+ and the RXIN- signals are transmitted to the PA/LD100. 25
FohefediadsighaPstranestta dEHK b Qutnys torboisrneiristlis Comfrisebd tothgpoptical

I e i AR SANBRIS RofNE ANSORK h'é'béﬁ\%xf%@l%ﬁr@lﬂi%%@%%&ntﬂ&l'{&cﬁ’a fault

the signal strength detector 114 communicates with the LOS circuit 110
wweﬁ?tiﬁlwmp@%%gim%f@l}mﬂe%w inpipRomaoneeated ) dmgither case, the
UM HRURILIA TS HigHRldGi SRNTRIea 1 ta b8, ARESXE VRl Figure 6, that

implementation, the signal strength detection 114 is compatible with 3

oRETEISRIBAS tRisBEREE Y 1Be ftpeted s\aBaAr's) and comprises a wired
OR, singigr goAedAPRUAAIRRAMR emaBiymeiRhewdeSeMGRNELEANLY, the

("CMOS") compatible output that requires an external pull-up resistor.

THigHRh plsHERQRIBH T thd BRjnar bRt Rise avniR)ire @it mbination of
adecidateaptinal dnaetpRYYes NG eVEPB BB RAIFRINEANERA( o’bhe photodiode

photodiode 302B causes a "HIGH" output to be generated. Conversely, if
th@%ﬁtical power incident on the photodiode 302B is below a desired

range orihiglalth adawepanditopisuiRdcaied: SPEAficatek @) includes an

output is generated. In either case, the output of the signal strength

d&tEchivh’ P ARy teasstedeabsin 1 AATHEESHAS Boaide BB ABIPBHE RsemIng

thgstiepatinRithe defesiedusianalimAciiRsegQifl da andexamRIaidh thresholds for
implementation however. More generallg, the signal strength detector 114

tHaPSucH AR S BFRBFIBARG HRHEESHIED I BMAHEN b RS 1047 of the

canablp of detRimMiBNthadavel ofiorticRhpRvet MEdeRhQdR8ponds to a desired
photodiode 302B. 10 With continuing reference to Figure 6, the digital IC

cdMiFd200 includes an 12C bus 204 that, as suggested above, is

configuregg tpepgaive REOgHARAINPAL CORERIMINge&iBRal Fasam@tensesielk, at the
as, but not limited to, assertion and deassertion thresholds for LOS.

GRhAdigdS dLRRL b dia RMAY PR RRIa RS e SR SRPRgtROEES fpfifer 304B
theh&A LR ieshedoimoRX IRfergRIcR YDltags; denetadapyieRothat PA/LD 100.

corresponds to a desired 15 threshqld. In operation, an optical data sé%nal

isT ALQERANE DT RSB e HethforEe g thel stsar dedtizeyt BrelRosAmplgneously
apdsie paserdienthertsapsinaedanceanbifieied@Berates a voltage denoted Viy that

corresponds to the strength of the detected signal. At substantially the same time, the
DAC 104J outputs the Vggr signal that represents a voltage that corresponds to a
programmed LOS assertion, or deassertion, threshold. In general, the LOS circuit 110
compares Vggr received from DAC 104J with Viy received from the signal strength
detector 114 and, depending upon the results of such comparison, performs a
corresponding action. More specific details concerning aspects of particular LOS
assertion and deassertion thresholds are provided below.

For example, if the comparison of Vrgr with Vy reveals that Vi falls outside an
acceptable predetermined range of variance with regard to Vgrgr, thereby indicating that
the received signal strength has fallen below a predetermined level for example, the LOS
circuit 110 asserts the LOS signal. If, on the other hand, the results of such comparison
reveal that the received signal strength is within an acceptable range, no LOS signal is

asserted. In the third case, where the LOS signal has been asserted and it has
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where it is resolved into RXIN+ and RXIN- which are then passed to the

PA/LD 100. Information concerning the strength of the signal RXIN+ and
RXIN- is simultaneously 20 passed to the signal strength detector 114

which then generates a voltage denoted VIN that corresponds to the

strength of the detected signal. At substantially the same time, the Hahyary 2007
104J outputs the VREF signal that repregents a voltage that corresponds

to a programmed LOS assertion, or deassertion, threshold. In general,

thelpogentdy fetamisedishe S-ORErcHECEiOdbat o sead stongtiyithgan within an
regRMaGHIoMthe-sighrlSURagtharHeiastlitid angkA&Rerding upon

the results of such comparison, performs a corresponding action. More

specific dtafcesaEEehing aRpRseieoV ParteibT LS DNH8sIEINR Antde LOS circuit
deagsartignhresiialde-ats RrRVIELIGY.- ﬁ%fa@x@mgf?’ifﬁﬂl@nents a hysteresis

comparison of VRHF with VIN reveals that VIN falls outside an

adeagianidipradierinred odhge vrvinmaneed derpsreiRr PidPRER, ahieBguce or

indigating QateRdhadcecaiMad sionak sengib-hamiliembalaw@ ver, the LOSTH
predetermined level for example, the LOS circuit 110 asserts the LOS

Sithp4f U emldRe etfsaitHdAdis i Fevifedsirgschcbipatiseih | Foveetitieary rer from

the Aeceiyad 5ignakstength is Mk asass@rakIe rangemie LAersions! will be
is asserted. In the third case, where the LOS signal has been asserted

aRtPRisesor sierstitiady Jdw7hpresiabs derdiongldetnpipmgniedra cengection with

cigeuitdckDathplthe sighals engtids ﬁ‘&ﬂﬂly"ﬂ@ il RGEEeRESnection with the
predetermined range, then the LOS signal Is deasserted. As noted earlier

infeHHHER fOH/ RitRE i s Rb SR Bighits 25 WRIILOS circuit 110 is also
responsixg §edha bPstVSths|goatmiiERJBPINSeRts @ MYRISsesis tRresholds can

functionality with respect to the assertion and deassertion of LOS so as to

reUERPlT A Rt e it the Iprese At enelim AP eiibedrmeadiment

heyveray ther 6O JdUikIpHtIO g tkPer )b Ad/Bi DRk restdibachsinfe 48 ciated
LOS circuit 110 receives VRAF from DAC 104J and uses VREF in

CORAEHRRS Py Nt BQSTRMIE WHRATLEPSTRRTIAE 2A8er Hey grehange the LOS

daasseriad ddhechysirrgsriungianalibiiyipemertedin caon EtRAMIAr system
10 assertion and deassertion of LOS may usefully be implemented in

CONRRISHS QR e PRSI SHRFA RIRBRIHAGC Bt BFSits 1483 froth for

Aprsdgigrsipuabpvatioe proaranmingef 4G rssellanthdedssaltprogramming.
thresholds can_ be implemented by way of the 12C bus 204. In one_, .
extTdREhidhTan PR e RidbaiImLHIGRaToR BOL A6, tARSHIgithiade limited to any

coattpiignoh angientathg hpatiomaobieassasiaies bhepledke.

transceiver, are programmed with an appropriate algorithm to change the
LOS as%ﬁ’aﬁ&“&’él&%‘érfﬁﬁ%&ﬁ%l&&‘ﬁu&n{%ﬁk}hﬁlﬂJBH]%% dailyetieenspvided
padicdlaiysiefdus aspects of the programmable LOS assert and LOS deassert

thresholds. As noted earlier, an exemplary basis for the assertion and deassertion of the
LOS is the level of power incident on the photodiode 302B and a particular threshold at
which LOS will be asserted in programmed, exemplarily, through the 12C bus 204.
Correspondingly, an exemplary basis for deassertion of LOS is the level of power
incident on the photodiode 302B and, as well, the specific power threshold at which LOS
will be deasserted is programmed through the I2C bus 204. The response rate of the LOS
assertion and deassertion, exemplarily measured in microseconds, should generally be
consistent with the desired operational parameters for the system and, in any event,
should be such as to enable the system to function efficiently and effectively.

Other aspects concerning the assertion and deassertion of the LOS signal may be

specified as well and include, but are not limited to, the accuracy of the power of
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events or operating conditions. In yet other implementations, provision is

made both for program input by way of the 12C bus 204, as well as
algorithm-based programming. Accordingly, the scope of the invention

should not be construed to be limited to any 20 particular embodiment of

a programmable transceiver or other device. With continuing refepengguary 2007
now to Figure 6, further details are provigled concerning various aspects

of the programmable LOS assert and LOS deassert thresholds. As noted

e SRS ASRE HSRIHPP A6 fepipatiseftlenariy detsteivormagered assption and
is fhgdeyRohRwSuiNGideah ¥ EQ%&Q&’I@B%@Q%& M@&%ﬂmﬁﬂesholds will

threshold at 25 which LOS will be asserted in programmed, exemplarily,

e gt 19 ethhtrfreace dortee i dtly, sRexempRinfsagidfepum data rate
dGARREHRNATHASH I0G 1aHE IR PRVRI BRI AR AR e WRAE F0AR: of the

and, as well, the specific power threshold at which LOS will be

daksurean is prgrstntreantaia i gse Hindlpuboowstemnehadgbrsentgred so as

0&5&@1&9&@%&% anddrasaattinne %ﬁf‘ﬂlﬁ%%@bér_%ﬁﬁsd}g@s@éﬁ thresholds for the
microseconds, should generally be 30 consistent with the desired

opélatiaatparsn i sarlipfesystenPahashEArf svemplanotmbpdiggats of the
agtRpRGPie tha W@%%Mi@ﬂ gfficientlyirdelfectively: QURN rates, system

aspects concerning the assertion and deassertion of the LOS signal may

berepeelfiendhgENBG Fieidgsontinghe Hdewthimasmprddeenitel g invention
thedhewelefcddabra 2428 dhreshaidsolesaanesignransurality of different

deassertion of LOS, as well as the range of assertion and deassertion
tHIRSHIES tHAC I B &S JBRIEIEENCTIRICHHG, WHE FEPRE IJPRIBRI Mg Bjameters as
willelpe selected with reference to the RXIN+/- sensitivity of the maximum

data rate associated with the system, and should be such as to insure

that the BEFssPats bt the EHAARG ARG RecRptbiddappleast some
Finainibavsie oy shomckhesrontigergtsnas i ionmmpdiiications tia rate of

the resolution of both the assert and deassert thresholds for the LOS

sigiafYAS MotBd RRRSIABreTitho e el 8o SHeXismisIrPRMSShidshtdgn access

theriavesiiandadhadt iheyiare omiguheri{ardtaervritx anpideatatrty eftiattereby
rates, system protocols and other variables. Accordingly, at least some

eMBURRAESEFHAR RTSSHOI 119 MrS BN Aienah B R B8 cquisipny with the

dearsert pewestkang asiéasta s alityofiifteranbraatadatege TR ISRMA iSdirectly
more generally true with respect to other signal parameters as well. With

repey ) ther el HUH G bt e lEmBd stct RRSpQsigkef the system

implementriines BbihennvadtioaiFaanipy et avtporticaliveetest the
data rate of 15 the system in connection with which the device is

empl oye‘as ghs(sj%s&q ahaye embodiments of the invention are configured to enable the
programmability of a wide variety of signal parameters. One such example, discussed

above, concerns the programming of the LOS circuit 110 regarding the thresholds for
assertion and deassertion of the LOS signal. Exemplary embodiments of the invention
enable programming of various other signal parameters as well. With renewed attention
now to Figures 1 and 2, details are provided concerning one such example.

In particular, exemplary embodiments of the invention enable programmability of
the power supply circuit 106 that generates the power input LDI to the TOSA 300A. As
indicated above, in connection with the initial discussion of Figures 1 and 2, the power
supply circuit 106 adjusts the input power, represented as signal LDI, to the TOSA 300A,
with reference to a TXI feedback signal and a reference voltage, denoted Vggr, that is
defined in connection with DAC 104G. Generally, Vgrgr represents a predetermined

reference voltage that, when compared with TXI, serves to determine the LDI transmitted
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corresponding assert and deassert thresholds from, for example, a lookup
table, thereby facilitating assertion and deassertion of the LOS signal in a

way that is consistent with the detected data rate. In at least some cases,
detection of the data rate is achieved indirectly by way of a protocol

detection circuit that determines a particular protocol of the systemperuary 2007
and then derives from that protocol information the corresponding data

rate. As discussed above, embodiments of the invention are configured to

etaBie T4S prfftAmmrabrigy et hldbo difieprieshghepnranieterenpignal Vrer
S_‘Aﬁﬁ_ ﬁ?@f@éﬂ%a&@%ﬁéﬁ@ﬂ%ﬁ% f%%%%fﬁ'ﬁléh B&é%éﬁ@@@@ﬁaﬁé@@vb@%e power
circuit 110 regarding the thresholds for assertion and deassertion of the '

LenRysEFUEXEM PN Bt dihe REVST thE Invéitesirenaptde feedback signal

PrEQIABAIAS O HRERHR QIDRN3IENE! RAFRMEIEseHAB WEHo VB URRERSH the power
attention now to Figures 1 and 2, details are provided concerning one

sUBRRXSHNE . [P0 A edrisTipiag] &Yflodiments of the invention
enable W@%ﬁ@i@ﬂgﬁﬂ#%ﬁ@&%ﬁ%ﬁ%%&?&@ﬂaﬁ@@df‘%&f‘d\%@%ﬁ%ﬂ%irouit
e

power input LDI to OSA 300A. As indicated above, in connection

wiPOR#NritiAY 8RseLEssIBR\6F Pigisreisolleher erEige Ry P SUpPREHEliRrent Vrer
1Qa1adiustsithganRyt Pewsheerkeaanied assianahlalbnto §1& Q3 herein, such

300A, with reference to a TXI feedback si;(gnal and a reference voltage,
dEFTEINTREE4hBE Recquthiishsh Rbiid@icrPingsemaartbiedhaddhdraiy04 of the

VREfraleRresatisiarR@sstesmingd vieferenrsevighiasmifald WheAy of an algorithm
compared with TXI, serves to determine the LDI transmitted 22 Februar

206 Ph% Ry eREREI)s dpicA by 1eededenittar hrefiele AR patiREehrdeital IC
refsranae:sionaBYREm andvhe madhacksignRalifikially fane¥an|e.and TXI is

below an acceptable level, the power supply circuit 106 will increase the

poRpaiiad g Mt derrehvdrarlitii g abaBR B i PP X Er Ldnkibris drgnsmitted to the
cqsatm Wito MRER «dicaigsuthriv BeL Ve iiRUIBWe QP RONYET 06, such as

supply circuit 106 meets a predetermined level. In this exemplary

intpite MEMREAE Ry B3 rftaHiSe RIPHATHRS: SUSPRIWHERE 166 Uaft G QT more

SyeERsteRiABOYE, D& A0l ohed aioneditiad hpegiamming different
VREF values. Similar to the other exemplary implementations discussed

herein, SBERYBIOGSAMMG EhrBes dedbmneniensirissigioriestgriped with the
INPAtD i b2 mpienzeal ihrakQidigiial b6 wonipilamd0inalarnatively,. That

may be implemented by way of an algorithm or other programmin

g :
inkerfgIgrEed Within P98 B HHGGTRS A d GBI YT Ldhr&iRPsodesirably
Bydshap@ind ¥REquinihis ey ATEDiHerentialbetweeiyREMARMEX IS use in
modified as well, thereby implicating a change in the power LDI that is

trEAERRRTSS t4ithae s A e eHimYed g bR TvaAlST-dhthA/ LD 100
PaWE msoRPreNE 16 asdéehnasl transceiver, collectively compromising the TOSA

300A, ROSA 300B, digital IC controller 200, and PA/LD100, can be programmed and/or

reprogrammed as desired to accommodate a wide range of data transmission rates. As an
example, an optical transceiver in accordance with the invention and initially
programmed for use in connection with an OC3 transmission rate, can be readily
reprogrammed for use in connection with the systems having an OC12 data rate. Thus,
the programmability of the transceiver lends considerable flexibility to the transceiver in
terms of the various systems and data rates in connection with which it may be employed.

In similar fashion, the power supply circuit 106 may also be programmed to
compensate for system operating temperatures and environmental conditions that may
affect LDI power output from the power supply circuit 106 and, accordingly, TOSA

300A transmission rates. In this exemplary implementation, the transceiver includes a
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15 are implemented by way of the programming or reprogramming of one

or more predetermined VRHF values, has various useful implications. By

way of example, changes to the data transmission rate associated with

the PA/LD can be implemented, at least in part, by way of such

programming of VRAF. That is, the output of TOSA 300A, as a funedign£§ 2007
the input power LDI, can be desirably 2@@djusted. Consequently, the
PA/LD100 is not necessarily constrained for use in connection with a
SiffgeAALH PN | HTRBECFRIRI O BYEHRR fatenIRSHNEY WHB thaRIYEDEURRKY, circuit
mMEse Qansrallyn @iﬁ%?ﬂ@ﬁ % F‘ﬂ%&ﬁbeﬁ%‘ﬂz&@‘i‘ﬂ&{k%ﬁl@ﬁ%ﬂﬁw f0fsponse
TOSA 300A, ROSA 300B, digital IC controller200, and PA/LD100, can be
pleglipsHCARATBe UldighsErahrABA Bend daifeer et ednrRmatis @ apierion of the

rgnge:hdaia ransnissienefales. As an 25 example, an optical transceiver
in accordance with the invention and initially programmed for use in

connectibifithl & eotd traosyrsiihwyite heafopeTeinRed EprigRaRAtisgs of the

f%b‘éﬁi%h%%&%@%ﬂ@h@ﬁréX%@ﬁ%@%Y@@@&Q&éﬁlQﬁ{é (Sﬁlﬁut'%blz%r LDI that
the programmability of the transceiver lends considerable flexibility to the

trHSE I iAMRIAN S BPIRB YU RBRRS SPdtethd AR d efdficnded tn1edHBetiegrpe of the
With sishilt Igxvag. amplayed. 3 I giselladdashier, dRenRAWSSERAMntations of

circuit 106 may also be programmed to compensate for system operating

telffpBrERDHEE SRAbEh o RFASENSRERi g saha P hay 2HHeCPL enpbiRaions of the
OWIRUL TR SRR P PWARSURP %gg@wdm@%u%sq%mqi BEMhERRA dBORAC herein.
e

transmission rates. In this exemplary implementation, the transceiver )
includesM 9 Belsially S0y mB0qunsHEY AResESBH AR ahGad forany transceiver

ORBHEIAR ©OANALH ARWIFD JNENRAVE LB URBIYUSIFEE A0S SRLHREIMALES of the

in output power LDI can be implemented automatically in response to

ASRLTSH T SR Sy TRBFFNBIHOWRRNETRIS SIR ARG BFAGP definpigaal anonitoring,

parsien ebihel RrePaniming JeiderransaaiyablH, theheud BEtROtaddMtion should
connection with the aforementioned implementations of the invention

cOREBRRMImTdHe Rrdgrifthinlglbie B dHrewipmsaRadnaN fferadderein.

that thoge are exehpRians RYNaveRaigns only and are not intended to
limit the scope of the invention in any way. In general, and as discussed

above, eXERSILRF O HPEEh R SE TR IMo¥ R RITaISR N connection with a
PrPQENPAIRBHY &f nyral puypsiRtyshserdinations of eut @ expmeiantdware as
signal parameters suggested in Figures 1 and 2 or otherwise disclosed | )
hgié‘?H.Ss‘RﬁdPeg{jféfFér%ﬁ R S U BRALRE T TR RGP SRyinvention
transcaivRideepfigiiied teneasblenthiRaprogiamming &f NaviadsasRRkts-ekecutable
the performance of the transceiver relating to, for example data

tr ISR L9, Qo{n?:}%ﬁ%ﬁ cﬁ‘i’,“é‘?ﬁﬁ SIHEEWERS r?ﬁ?gr,ed thereon. Such computer-readable

media can be any available media which can be accessed by a general purpose or special

purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium which can
be used to carry or store desired program code means in the form of computer-executable
instructions or electronic content structures and which can be accessed by a general
purpose or special purpose computer.

When information is transferred or provided over a network or another
communications connection (either hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the computer properly views the connection as a computer-
readable medium. Thus, any such a connection is properly termed a computer-readable

medium. Combinations of the above should also be included within the scope of
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signal control and power transmission. Accordingly, the scope of the

invention should 15 not be construed to be limited solely to the exemplary
embodiments disclosed herein. |. Computing Environments Embodiments

of the present invention may be implemented in connection with a special
purpose or general purpose computer including, various CoOmputes February 2007
hardware as discussed in greater detaiklpelow. Embodiments within the

scope of the present invention 20 also include computer-readable media

foreRpHfiig YRRginBcsim JutsrPaiRiceraprAtiistAs IS O €iBdFisRidor example,
CONRRLSHHCUHE S SRR ISR QR G LA IRIpE /I ABIRp MG dyEafIPFurpose
any available media which can be accessed by a general purpose or
SISEEIRN B P GBEEY MRS BPSREyEr dSvash M catIM atchAAtBACtEQIEAr group of
ComRUigisreadable media can comprise RAM, ROM, EEPROM, CD-ROM

or other optical disk storage, 25 magnetic disk storage or other magnetic
storage ddiieush spisgBtrdrassais A RiENCHIPIR (e Rslesrpest gsrim in the

desHEd I RIOAERT LU FIRANSK R R FO M @h SRIPUWEEHEXEFHISRIR modules, being
instructions or electronic content structures and which can be accessed by

a gereted PLIPBEEErdpasY Y EERBIRHst P eRHEN imroE R dRodules include

tr?&ﬁfﬁé&?ﬁ@gfbﬁ%’j%%&‘é?é@ﬁ%%ﬁflﬂ hABMRSH FREARBIMBIGRLIRAR particular
connection (either hardwired, wireless, or a combination of hardwired or

WHRSKS <) BOPAe BSIHANAIC 6 ARSI R B RS SVIE R RHIS LRI Wstgctions,
CQmBMiREreaaRl e AT AT A SHSdL R CRMEIRRISRFRRSS Mhe program

termed a computer-readable medium. Combinations of the above should
aSHB IR LR GXRRMI G BE S e MEshpdhdinglgssddrpretq. The particular sequence

coMpldeELeadable iMediai S PP e WIS INBHIUEHEY ScpRriiS&alples of
example, instructions and content which cause a general purpose

cOMpERINSHEAsHariBRcRsRig e Singiaandpthpbebiproklsymg-
device t@peu@iy, theshaiRtuneigny @heHBeaflifHREIONScSptiRedh MBbnments
required, aspects of the invention have been described herein in the

g SHEH IS O COMPUREE R AAHI HFRAAR L LBE RS rbg AR ers, hand-

MYy @siibaiNguRXpRHEdR Y ERMRUASIPrO@IWerH fRMIER BRogRiBmable consumer
Generally, program modules include routines, programs, objects,

cSHfpERMBAts NERtCEb it SHOLRMRY Y BurRfNIar Aot skghe like. The

inple R Maytisiasahstire ARt byiRebe SpApIRHIS e KORHIaRIe where tasks are
instryctions, 10 associated content structures, and program modules

réﬁ%%@ﬂ?@%?ﬁ?é@%‘? e proBrarRs LBy dTHsshI A PES Rt (g Dy hardwired
thenrrethadr siSehrsedhgyainohi Raidic WahseBUenTer Qfiselels links) through a
executable instructions or associated content structures represent
eigmmlé%l%ﬁtlons network. In a distributed computing environment for example, program
modules may be located in both local and remote memory storage devices.
The described embodiments are to be considered in all respects only as exemplary
and not restrictive. The scope of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes which come within the

meaning and range of equivalency of the claims are to be embraced within their scope.
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corresponding acts for implementing the functions described in such

steps. Of course, the invention may be practiced in network computing
environments 15 with many types of computer system configurations,

including personal computers, hand- held devices, multi-processor

systems, microprocessor-based or programmable consumer  elegtiibigsiry 2007
network PCs, minicomputers, mainframgxomputers, and the like. The

invention may also be practiced in distributed computing environments

widre iaskained iperformed by local and remote processing devices that

are linked (either, by bardwirgsk 2 PR IHRIaa SNty QT RYebRMBINGUORith an

of hardwired or wireless links) through a communications network. In a

diepfisakEer s SicahiesgeeXampIsifogram modules may

be located in ba?d&%aﬁﬁémﬁﬁmmgmm%mc&nﬁ with the optical
[

described embodiments are to be considered in all respects only as
exemplai§ Yt -not restrictive. The scope of the invention is, therefore,

indicated by the, aRpemdRT 2R AlBINSIAtMEIRaNR¥ RS SR ERIRYst-amplifierin a

description. All changes which come within the meaning and range of
equivaletBglefthand aPRE S dof e et e R MIHTt R Rtk tropsmitter;

February 2007 %M%fﬁrglq'ﬁfé@fil&:iﬂ af 18 tearRlad RRstapRIGe WaRghe post-
laser driver assembly for use with an optical receiver and an optical

transmitBRPESIsIsHEb Y pedihsipmctiyssemenioriglired for

communicationyifia $he0RticAL B &IV YaralRee! [rivepesselonal parameter
implemented together with the post-amplifier in a single IC and configured

for comrARFEHNBING tHHE i al Traratle PARHIGIEA EOMEROPTEMEade A signal

at least indisepk&PrinuRicatichwih dheppostmpnplifiatResambiydan ther driver
laser driver assembly; and 10 means for setting a signal parameter in

respons@5'&R¥al parameter programming instructions, the signal

parameter corrgRaR@Kdta pighablassasitas it atleasinnasebcth@ in claim
post-amplifier assembly; and, the laser driver assembly. 2. The integrated

pdstRRTBIEIcARAARS Y HRUEI R SEPHIp HaTPE TR AR et aBiq ol one or

thadnreanaafossettictera signal parameter enables dynamic control of one
or more signal parameters. 3. The integrated post-amplifier and laser,

driver asSembly! 8 et hPasiam Bl i end irtrediudAssropi g eited in claim
sighalheasamaterRRRI &S JBIRSPORES LD Sigidkter operates in response to signal

parameter programming instructions received, at least indirectly, from one of: a user;
and, an algorithm encoded within the integrated post-amplifier and laser driver assembly.

4. The integrated post-amplifier and laser driver assembly as recited in claim
1, wherein the means for setting a signal parameter enables implementation of a signal
parameter change that corresponds to a change in thermal conditions associated with the
integrated post-amplifier and laser driver assembly.

5. The integrated post-amplifier and laser driver assembly as recited in claim
1, wherein the signal to which the signal parameter corresponds is selected from the
group consisting of: control signals; data signals; power signals; and, monitor signals.

6. The integrated post-amplifier and laser driver assembly as recited in claim

1, wherein the digital control interface comprises a serial digital interface.
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parameter programming instructions received, at least indirectly, from one

of: a user; 20 and, an algorithm encoded within the integrated

post-amplifier and laser driver assembly. 4. The integrated post-amplifier

and laser driver assembly as recited in claim 1, wherein the means for

setting a signal parameter enables implementation of a signal paraasiglry 2007
change that corresponds to a change ingthermal conditions associated

with the integrated post-amplifier and laser driver assembly. 25 5. The

integratet! post-AR§HRE A naserapNBeasddppracrasseaably atdpeited in claim
whereil dheoaigRAHS WhIGRLRS: SIgRA) RREARAIE HERHBS RARLS B SRIG e on with

from the group consisting of. control signals; data signals; power signals;
afRPPRTORGr dighalend. aspecinted Mtddth S asipRHeP ebfrd i Eid sk laser driver
agsemly as recited in claim 1, wherein the digital control interface

comprises a serial digital interface. 22 February 2007 33 7. The S
integratetl post-dit piserdetinedcrpiderassdasprgarcrasianhly ardpaited in claim

fur E@@f@l@&f@&ﬂﬁmﬁ@ HRaRsQ ISGB%QHHQﬁéH @ﬂhl&ﬁ%%&ﬁ%ﬁ&%‘%ﬁ’tiﬁ% with respect
operation with' respect to a data signal associated with the integrated

piathenigmiandigstiediges pasaRsRcagsAMEIntegrated

post-amplifier apgklases drbvgiREaRIpRIEAsERLGIN S b WENEEited in claim
comprising a feedback loop co$ured and arranged for oBeration with
1

resprleret the Wi R AN SR dolars il coepbhtiscmpatible with a

inﬁ@g@{gﬁopg%@g@@ﬂgg fnd Jager driver assembly as recited in claim 1,
wherein the integrated post-amplifier and laser driver assembly is

compatitfé withl&e 1SSt proRbésisaan el iy s gambly s recited in claim

infegipirg RaapamifiRandlasaitBiNgs sssampkasgrecited in claim 1,
further comprising means for controlling signal polarity. 11. The integrated

post-amphfier aheFiesrairdarossaabiiFaanfblatediiverantemelywherdipd in claim
theymaansi iaheantialing signdl PRSIt AMRIRMENISFARRORRISIEORR bRtrising:

15 receiving a signal that includes first and second propagation paths;

determining WY 88 At & ploiatitipoludfs Sighardsrsensherrapeation paths;

predetermined get@fanind adibting hergaaholragwreteby BRAUSHRBIRR with a
polarity of the signal so as to produce a modified signal having a polarity
that confIRTRSHREECH§ H_determined criterion; and transmitting the

modified signalmodifying the signal, if required, by adjusting the polarity of the signal so
as to produce a modified signal having a polarity that conforms with the
predetermined criterion; and
transmitting the modified signal.

12. The integrated post-amplifier and laser driver assembly as recited in claim
11, wherein the means for controlling signal polarity adjusts the polarity of the signal by
modifying a relationship between the first and second propagation paths of the signal.

13. The integrated post-amplifier and laser driver assembly as recited in claim
11, wherein the means for controlling signal polarity adjusts the polarity of the signal by
electronically crossing the first and second propagation paths of the signal.

14. The integrated post-amplifier and laser driver assembly as recited in claim
11, wherein the means for controlling signal polarity adjusts the polarity of the signal by
changing an existing voltage differential between the first and second propagation paths

of the signal.
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12. The integrated post-amplifier and laser driver assembly as recited in

claim 11, wherein the means for controlling signal polarity adjusts the

polarity of the signal by modifying a relationship between the first and

second propagation paths of the signal. 25 13. The integrated

post-amplifier and laser driver assembly as recited in claim 11, wheegiary 2007
the means for controlling signal polarity @justs the polarity of the signal

by electronically crossing the first and second propagation paths of the

signal. 14 The Thetisgsagbresdrmppfidicsaed tser dinesassssehhibty rgsited in claim

recitechi&lRiRR midanRSGTERHORMEA0RIP AN AL S GRYRAHBE the signal by
adjusts the polarity of the signal by 30 changing an existing voltage
d'fi?,ﬂ'i g

fnalkrtlveBir thaoirsitwabtteBsHast sprapsisanssasiongtathe. sedafaye to each
22kgbruary 2007 34 15. The integrated post-amplifier and laser driver
assembly as recited in claim 11, wherein the means for controlling signal

polarity d8justs the ipEigriiybpencsphAleh e hsapiity ¢heseBdtaTpelssp claim
ofitheyfiist-anehsasend RipragrtigRRAN JefRliye{oreRRE: AIPEH& IR signal by

The integrated post-amplifier and laser driver assembly as recited in claim
1 PepIEREIS- tha e fblesharirighadAEPY&rErity further modifies the

signal by perfosmingnif reamrpdaRldeastone i thedollowing: adjusting
the amplitude of the signal; and adjusting the rise time of the signal. 10
17. The integrafi'piba-Bimpifidiamefidset&rler assembly as recited in

claim 1}wherejp atileasi-ane KfiApdREARIMBS ancemREREIY as recited in claim
processes is performed in_response to a digital control signal. 18. The

intdgReEr Post-SAsher A ssés e Rt MB Y gepfRAG S ligimerigymed in

Wf@f)%iﬁgmg maanalfessrNtigiiag signal polarity comprises an amplifier
that includes 15 a];;ié:]nal polarity control stage. 19. The integrated )
post-ampfifier aheridesralrddrossaabiiFs: VTR RETsiehi@ claim

digital reRtrohiesfAce RBINES sttt bdigs) Htapia&s a4 @mbMier that includes

integrated post-amplifier and laser driver assembly as recited in claim 1,
whelehal Pl aEse Rl S5 mbly includes a power supply circuit that is

configured for 2fGarpetcptianmminibe.antisl tansnidensRhisdbi@t in claim
least indirect communication, with the digital control interface. 21. The

inte JrtEdbSsHBlifeR Bl MGG ROMRIESS R SR Ak ddAb iR EgTm

20. The integrated post-amplifier and laser driver assembly as recited in claim
1, wherein the laser driver assembly includes a power supply circuit that is configured for
communication with the optical transmitter and is in at least indirect communication with
the digital control interface.

21. The integrated post-amplifier and laser driver assembly as recited in claim
20, wherein the power supply circuit includes a reference voltage input and an optical
transmitter power level input.

22. The integrated post-amplifier and laser driver assembly as recited in claim
1, wherein the laser driver assembly is configured to modify at least one of the rise time
of the data signal received by the laser driver assembly and the amplitude of the data
signal received by the laser driver assembly.

23. The integrated post-amplifier and laser driver assembly as recited in claim
1, wherein the post-amplifier assembly is configured to modify at least one of the rise
time of the data signal received by the post-amplifier assembly and the amplitude of the

data signal received by the post-amplifier assembly.
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20, wherein the power supply circuit includes a reference voltage input

and an optical transmitter power level input. 25 22. The integrated
post-amplifier and laser driver assembly as recited in claim 1, wherein the

laser driver assembly is configured to modify at least one of the rise time

of the data signal received by the laser driver assembly and the gmpigtdey 2007
of the data signal received by the lasergyiver assembly. 23. The

integrated post-amplifier and laser driver assembly as recited in claim 30

1, wherelft the gostiaispRirskRessamplifier aBATRara Yor aisentplatragsttethia claim
ofithenign feﬁ_@%mtlm§%@§%ﬂw%lxeﬁgmmtegék@ap ifenasrel¥ming a
and the amplitude of the data signal received by the post-amplifier
asansHpabreind Ay tbopstsanphifehasisiahhadserp Sie-eptpfifiscahgr

laser driyer assampibégém-mngﬁﬁer An RQIEIR BRI RIHiRNted in claim
assembly is configured to generate feedback concerning a data signal
rebdWEEhymeTHBaEamplifier assembly from the optical receiver. 25. The
integrated post:amplifigi @R dasendriemanrembivah eeiifeiif eHfol3nterface;
further comprisinfq: a%ge logic module in communication with the dlggiﬁt,al .
control interfac@;EtirdeiiY AR Q8 AOBVEHATEHEPTHRBH LA CXib Ahg/ighe logic

the glue jagigidmadylR aost-thepreri-anelfigyagrembly; and a second
digital to analog converter in communication with the glue logic 10

module and the*ResePdiigirehiaanalng coB Vet iReyraEn pmaiflifiselue logic

and lasefghivgs assamiplyeielaimalsembgrein the means for setting a
signal parameter in response to signal parameter programming

instructioffs conPprisaicgtacdspotiampitirioamn disgicarivertassambdy sr glaim 1,
fildlRepgra MRRIR gatesaiiiay (ERGA). pardhedn RPHEFANs6eivalalhBhrameter

includes the integrated post-amplifier and laser driver assembly of claim
1 PHOSEHEIF IS BRIl AP FS eI fakas ot fHE B tarpla g sPPacEivrRn C) or a
cemnpricatinmyvith dhe pesi-arpeiilier; and an optical transmitter in
communication with the laser driver. ] o
2 An optical transceiver that includes the integrated post-amplifier and laser
driver assembly of claim 1, wherein the optical transceiver further comprises:
an optical receiver in communication with the post-amplifier; and

an optical transmitter in communication with the laser driver.



