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CIRCU T FOR FIBER OPTI CS TRANSCEI VER The present invention rel at™e ‘
generally to the field of fiber optic transceivers and particularly to
circuity psad.adthin the transceivers to acconplish copihflsegidip,

nmoni toring, and identification operations. 5 BACKGROUND OF | NVENTI ON The
two nost basic electronic circuits within a fiber optic transceiver are the
| aser driver circuit, which accepts high speed digital data and
electrically drives an LED or |aser diode to create equival ent optical

pul ses, and the receiver circuit which takes relatively small signals from
an optical detector and anplifies and limts themto 10 create a uniform
anplitude digital electronic output. In addition to, and sonetines in _
conjunction with these basic functions, there are a nunber of other tasks

that nmust be handled by the transceiver circuitry as S a nunber of
tasks that may OWTEQM'KEDWMQR&WFQ%@N%M@ﬁ&WCmt to inprove
its functionality. These WWJP 1458 Iﬁﬁﬂs@ﬁ‘@ﬁt necessarily limted -
to, the followi ng: 15 - Setup Tunc |ons§. ese generally relate to the

required adjustnments nade on a part-to-part basis in the factory to allow

for variations in conponent characteristic h.as | aser diaqde threshold
current. | dentTheipreepiopventiop gelpigs gqrzgra?lgt%&qé}seﬁo%eﬁaggc FHREFVES ¢ ypi cal |y

EEPROM (el ect i quin?égi%@ I MQhyp, or ot her
nonvol at i Iaél%i’ﬁmr(r"gi%kolp;g? 9@@%@0\?@%?{ preter ab%%%gggg%ﬁb%gﬁﬁ’si ng a seri al
comuni catiheditcsing ahdridentifichtidn dperatised to store various information
identifying the transceiver type, capability, serial nunber, and
conpatibility with various standards. Wile not standard, it would -be
desirable to further storegrk8rouTEIOMAdeTicNal i nformation, such as
sub-conponent revisions and factory test data. 1 APR 200 WO 02/ 063800

PCT/ US02/ 03226 THeywo smfstbasiceiettpaivainghits within adfdres epliomensqiess drsthact i ons are

used to identif abnormal, and tential. f r-ald N4 neters and
to report f’?‘?’ég’éyﬁr(?‘rf"ﬁ “ﬂgﬂ}acﬁ?mgﬁﬂgﬁﬁg?egéﬁéﬁ#gégrﬁ %%ﬁ%&ggv\ﬁﬂ, gggélgpr opri ate.
I n addi ti giEp bt 1248 dicichs ek cgaivhient dbtioElses, and €ied neediger irtuit Whichont r ol

circuitry 5 to performsone or all of the follown addii,ion | functions:

Tenper at urtekesovipevelasrnalhsignpiefromss optiea! defretaping aaplise Asd B 9% nown
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effici rin fons. I'ng various paraneters related to
t he conjunction with these basic functions, there are a number of other tasks that must be

handled by the transceiver circuitry as well as a number of tasks that may optionally
be handled by the transceiver circuit to improve its functionality. These tasks include,
but are-‘ not necessarily limited to, the following:

15 - Setup functions. These generally relate to the required adjustments made on a
part-to-part basis in the factory to allow for variations in component characteristics
such as laser diode threshold current.

. Identification. This refers to general purpose memory, typically EEPROM
(electrically erasable and programmable read only memory) or other nonvolatile

20 memory. The memory is preferably accessible using a serial communication standard,
that is nsed to store various information identifying the transceiver type, capability,
serial number, and compatibility with various standards. While not standard, it would
be desirable to further store in this memory additional information, such as

sub-component revisions and factory test data.



transcei ver operating characteristics and environnment. Exanples of_ R 2004
paraneters that it 10 would be desirable to nonitor include |aser b]zﬂp
current, |aser output power, received power |evel, supply voltage and
temperature. |deally, these parameters should be nonitprpds@ngzkeported
to, or niB&¥4%81% abie to, a host device and thus to the user of the
transceiver. Power on tinme. It would be desirable for the transceiver's
control circui t Byekffetyldd lgeagalt faale Betafion hEhése faictinowire msai to dsmtify t he
transcei ver has been in the power on state, and to report (9 make this
time val ue shvermahpndpatentially yasafeieRara@s PAGHICHT PTﬂR\%‘f‘gF% %B‘e W 3 -
mechani sm th al l.o I st the transceiver's perfornance
at a known aa%f%? Odﬁﬁf&reg%'ﬁgea ’S"gﬁ%‘@éaﬁg‘ conditions, generally by scaling

the control si gnah&ditieed weuldbe desitable it mamgraisvevers fadhé vmt@Dciptonent s. »
Qther digital signals. It would be desjirable to, enable a host device to be
able to cdmpérfume semeor glheithe fallowingpadduiongl (HRGHODSY conpati bl e with vari ous

requirements for, th ' t f o hhfbink fin e oS mand
outputs. For i n@FWE%?R%%%%&@%&H‘?@%H%Fe&)&ggap?’o?&?;?gns mtter di sable and
rate sel ectimsbrittRGltianénsihkbelasstichatbcterdsties siehds slop@Bfficimicyat e transnitter

fault and | oss of signal conditions. The configurati ?n %Fltges woul d
det er mi ne the pMcmorlpgémcaﬁreS-Mowfﬂnégaﬁn?%é’%%?féﬁrﬁf Hptte BWhd out put
signals. In_ sone LI ' l iRAmERS IBxaRlnfeso? phtsRelchahat it

confi gurat itrélﬂsc\g/gfaru‘té%e%#%%s%@F@?gticﬁg&éﬁa e of one or Srmpe of the digital

i Nnput  ofp oAl bevddsiigtile td mbnitorshelndzdadey biapaaidnyilagr autpeicrawengedeivedor t o be
Few i f any

. used i junct i ith the digital i t put_val ue,
“Yof t hese a@awey eyl sBbGOl B e B AR b e, ¢

part becau i38e $Rila510 ¥ aBbstldaoiR8 ahdiMek koM ubi€ been 1
APR 1201 @8@%’%@%@68@%’?%3%%03326‘?m:n enented using discrete circuitry,
for exanpl éheuminggiwergener al purpose EEPROM for identification purposes, by

i nclusi on of so functions within the.laser driver or I ircuitry
(for exanpfe so Wﬂrefﬁ’rfé‘é‘e'oft “E%’ﬁf@é?%ﬁsﬁ?i’ée %’5?%%%?5%?%‘6% Slcr?nggfcgégéfr?{ytgri ver
Circui tys Okedt il lf ehetSR1 AfmBer P RBRE GicatansieBiep haxtitien ti thepowai @ystateed
circuit. 5 However, to date there have not been any transceivers that
provi de a ami fooeportienaeke thigrtishe value aedablptea bgst Aedehpport al | of these
functions, as | .as addjti.onal,. f i ] dREL 80 tdsttn@ cost

ef fecti ve nmanne .MWS%'%& pbssaég%‘?la@%eit%a?%ggﬁ%E%eﬁe\g}ent%ro% to provide a

general angahdcebbdt ferfdrilafey Adeowh devintiorn frah idual opgpitingvesditibhs, (or  any
subset) of the above functionality usi nq 10 %Fstrai htf orward nenory
mapped ar csemesabyhvescaling the spinl sigagh psad 18 YR NedRM SR f8th%ni sm Fig. 1

shows azoscggrﬁggdeﬁw[epresent ation of the essential features of a typical

. Other digital signals. It would be desirable to enable a host device to be able
’ ) to configure the transceiver so as to make it compatible with various requirements for

the polarity and output types of digital inputs and outputs. For instance, digital inputs
are used for transmitter disable and rate selection functions while outputs are used to

25  indicate transmitter fault and loss of signal conditions. The configuration values
would determine the polarity of one or more of the binary input and output signals. In
some transceivers it would be desirable to use the configuration values to specify the
scale of one or more of the digital input or output values, for instance by specifying a
scaling factor to be used in conjunction with the digital input or output value.

30 Few if any of these additional functions aré implemented in most transceivers,

in part because of the cost of doing so. Some of these functions have been



prior-art fiber optic transceiver. The main circuit 1 contains at =,a1r’n"£5lr:o'grrzmmn
transmt and receiver circuit paths and power 19 and ground connecti on
1S. The receiver 15 circuit typically consists of a Receiver Opti cal

Subassenbl A) 2 which contains a nechanical fiber Le as wel |
as a pho\mﬁ?"é{g@and pre-anplifier (preanp) circuit. Thpe(’r@%% in turn

connected to a post-anplifier (postanp) integrated circuit 4, the function

of which i smhRnRAREELE disclotaettuiitl futtexanplagsidp gigeadralgiugrat ERRREM i s
connected to outside circuitry via the RX+ and Rai- piatﬂs 17.. The Ipostarrp
circuit 20oridensifisatiarpyspeses.dydngusionplissme durtions withindhe s WHVEL 'S b al

Detect or Loss of. Siagn j.ndi cat SRGE uitably
strong opt irﬁcﬁfvefﬁﬁwt?y%%e@ %%%%E%P%f%@%ut |§&E)1P%\%i deﬁ gggsﬁl out put on
. Pin 18. TheirkEamemicf oraiife i isabi 4 conypéreial inicra-omstiailer indgratedloiaudini t t er
Optical Subassenbly (TOSA), 3 and a laser driver intg rat%d circuit 5. The
TOSA corft aiHfesvesenytscdmaihers have belrbepl ampranssedvess thakprovigs adnioEa dei¢tde or

. LED. 25 The_laser drives circuit A Wox:] ' ngﬁ]géﬁ\ﬁg gnd DC
bi as curreﬁfclh'l%%ceﬂfrﬁghat pﬂgggl?ﬂp O%l#é]tosﬂwééﬁépﬁx}éﬁ%%t éé ‘y%lfgét)%dgﬂ% frver are
obt ai ned f nigmu hbe, i scostddfetiive phmier. 12. Typically, the laser driver
circuitry will require individual factory setup  of certaic?ﬂsﬁ% aneters such

as the bias cur Hténthepyrrosephilie PrsTRAYvenEiio ARG daeLrrsER 2L ive to the
| aser. Typical | hi. s, & ' ' ' FelolE [ rs or
pl aci ng 30“&%?%? é‘f"s“zﬁ %@&325&’?@2%?%?@5 Qﬂ}@ﬁ%azaftﬂﬁg%cﬁﬁg fag?%lﬁgbg% ect ed

r esi st afice a¥ahigRforwardideinbiyanappey architenpere avdiz simyderpeiab ednmonniofiianhe bi as
.._current and nodulation is often | APR 201 WD 02/ 063800 PCT/ US02/ 03226
Yrequired. ¥¥FRAMSFhction can be integrated in the |aser driver integrated

circuit or aCC?,!ﬁ&?sdaééﬂéﬁug@r critSRnQf 18X4:8sikal feh@FROF atypicl sensi ti ve

el ements such as ermstors In addition to the nost basic functions
descri bed atavat filsawptit tramseiven éPhe raip gl eordainhefarasumnep drapEmiddi ti onal

functionality. Exanples of thijs are_the TX .disahle . fault 14 pins
descri bed P XCRRAVES; r@%?%ﬁﬂ%ﬁ .°W%q?ﬁ‘8§@fn@ c%’%nae‘lr% a?rsé%' ?ﬁgrgfé‘%?sabl e pin
al | ows jishe cfaangRbAllyEdonkitts 28 a Revdivatidptiey ubesseasly ROSAX2 whishichetatlse TX

fault pin is an’indi'cator to the host device of sone fault condition
exi sting i anteblaanicak Sbergeceptastscasarebisiapbetodipde gad prergpglitier MTPABRIGI t i on to

this basic .10.descrjntlon, .the rd | J of timng
di agr ans o &L ﬁ?‘ﬁ?‘%@‘%ﬁ‘?f@?é"%ﬁ Pi{)%%ﬂ%&éﬂ%&'%ﬁéﬁggﬁ ct with each
other to i FRAENEHe fBGRIn CTRETEH isoh geratt a fitdiboutputtsivinpsdigitd) signelf whibh s
functionality is ainmed at preventing n%ﬁ)if}?af.e gjén ?@‘jﬁ(&)n | evel s when a
faul t condistonrested;tp sutsideFrewEry|vistbe Rev andiRX- A PRI e

i nt egr ajyed, { A | 181 nbwh et dRMLoSd 1 SAgdL

addi ti gztr?al d%ﬁ%@%'{ﬁggggééﬁglggﬂaﬁ%ﬁ% q%{oﬂ,g}a?%é}aﬁ%eﬂ&l C st mda?ﬁel al so
requires thdicafRREMpiBena wabsance of suiteledy dirorgrbptieal igput! Fhe HigsehReleen, t hat

) can be r eagutgilljttis I\J/Iio%id%d Ség 211'1 gllﬁpiu éneﬁiIﬁ%.e Tﬁg E'Lﬁsrr]n%g circuit will typically consist
of a Transmitter Optical Subassembly (TOSA), 3 and a laser driver integrated circuit
5. The TOSA contains a mechanical fiber receptacle as well as a laser diode or LED.
25 The laser driver circuit will typically provide AC drive and DC bias current to the
laser. The signal inputs for the AC driver are obtained from the TX+ and TX- pins
12. Typically, the laser driver circuitry will require individual factory setup of certain
parameters such as the bias current (or output power) level and AC modulation drive
| to the laser. Typically this is accomplished by adjusting variable resistors or placing
30 factory selected resistors7, 9 (i.e., having factory selected resistance values).

Additionally, temperature compensation of the bias current and modulation is often



as using the serial interface of the ATMEL AT24CA A fam ly of EEPBOYI R. 20!
products) consisting of a clock 15 and data 16 line. As an aIternati&g t%
mechani cal fiber receptacles, sone prior art transceivers 20 use fiber
optic pi‘gé%{t"é Which are standard, nale fiber optic conpegi§pmszae mlar
princi pl grly apply to fiber optic transmtters or receivers that only
i npl enent half of the full transceiver functions. SUMVARY OF THE | NVENTI ON
25 The pr esefiiredl.NYERfinenionh sapbe frbegaditd/ini thplaseralmivedintegratedsdirggiter chi p
integrated circuit sonetinmes called controller.,.for contralling a
transcei vercepaplishedithrongh the yse §W’E“PEFCmQFﬁ§w£e Sty g csgen éB‘g‘ R¥er. The
controller ﬁe%*xsgb%% nory for storing information related to the

transcei vetl, dand anal'og to digital conversion circuitry for receiving a
plurality of ana affisirgeahsmbsitnsiifendtiasedestnadsabore, goma transshiyerodi ode 30 °

receiver, converting the received anal og si |s into.diqital | ues, and
st or i ng & helatigrmstandardgpinyelyeiagdifpay cﬁgﬁaﬁ*tggﬁﬁ%ﬂgs %tgﬁlgﬂe "?ﬁg nory.
Conpari son .l ogi U one or noreé
of these d|d i gﬁs\%gﬁgsﬁémhtlﬁ%ﬁsﬁ%?mva gﬁ@?%ﬁ%ﬁ@t@?g ??%Q%I%ﬁe;s based on
t he conpar isgafsd, thRalXsdiebbspinhtiows te traasmittsr forbephatia by g hosigigvicens wi t hin
the menory. Control circuitry jn the cgntrol.l erfcon"tsfrkc})ll S tt'ﬁa operation of
the | aser Wﬁﬁ?ﬁ']f}@é#ummnl%ﬁb’&@d’aﬁ%@% pist dvics P spgpedtails FopdL Ptored in the
menory. A 3ok I REdrRG GsdoviamdaY dGRe cirtui NBhligitidn RO s wheii ce to read

i
fromand wi Pﬂér?étlgtﬁocatl ons wthin the nenory. A plurality of the control
functi oigs desdriptidil, tiesGBIQ stahdaré énchugles & esrien gf tiningdipgrarys describiag 86Wt r ol | er

._are exercised by a,host. conputer by.accessing .carrespondi mapped
Y ocations Hiehedntrpkdupciion age terac %‘@8?’?@ oifﬁﬁg(m’?éﬁlpgétrﬁ%g%t%%% further
i ncludes a gumpiahl VRIos dFis tictibRa AP ReAiREd AprévéntifBndaktyisafe emiseiopondi ng to

cunul ative operation tinme of the transceiver, wherein the generated tine
val ue is r iadalihen wifait trmdéioms skisisrin theflassecirqyits drhsseieitsaRydet he

controller, further ipcludesg.a power..s l. : generates a
power IevePntigrﬁﬁ‘ftpt%gﬂﬁ#@?ﬁgﬂﬁrﬁgc't‘%mfwg%m%? X%‘%‘%ﬂg%@ﬁ?@g{éﬁ gl el of the

t r anscqisv egircdit 1t 88Ty HeGRIERlsdatd Wiscrghiog the EEPBOMINO tosterer si on 15
circuitry is configured to convert the power |evel %{?gnal i n@) aegi gital
pover | evebtandeadized serial Ibindermagion that eandratsad B Wes 2 peipLiteres (ofi

predef i ned_ pover | Y6l il Gak e Mk W HDRGTRIBHY AREHARGIM phfacy Pl | son

| ogic of t may optironalTy 1 nclude logic for conparing the
di gi tal powsisistiey 6fa vetlues aid Bata 16timer (i.e., voltage) level limt val ue,

enerating a fla al ue based on th ompari son of the diqgital.power 20
—?evel s: g%al Wi ﬁg 3{1/ ﬂ@eurﬁﬂb@rsto I‘%QFg?mF‘“ﬁ ﬁ?f%aﬁpﬁ?esa??&’%%‘ﬁ3#3"355“68%% | evel
flag va) ueﬁée%&ﬁoﬁ%g{mg%ﬁ%émﬁ@aﬁﬁlmﬂé 86er pEidlcbikcitird. i N the nmenory. |t

ep r

is notéd that t . _ _ )
Similar principles clearly apply to fiber optic transmatters or receivers that only

) | implement half of the full transceiver finctions.

SUMMARY OF THE INVENTION
25 The present invention is preferably implemented as a single-chip mtegrated
! circuit, sometimes called a controller, for controlling a transceiver having a laser
transﬁlitter and a photodiode receiver. The controller includes memory for storing
information related to the transceiver, and analog to digital conversion circuitry for
rcceiiring a plurality of analog signals from the laser transmitter and photodiode
30 receiver, converting the received analog signals into digital values, and storing the

digital values in predefined locations within the memory. Comparison logic compares



is distinct fromthe power |evel of the received optical signal S
enbodi ments the controller further includes a tenperature sensor that
generates a tenperature signal corresponding to a tenpgigiilygofhet he
transcei"\')?:\P:’."OGI”;I’16 t hese enbodi nents the analog to digital conversion
circuitry is configured to convert the tenperature signal into a digital

t enper at ur g,y 8} EreA¥dhds® disitar Waltedd Svifhi [ithik @bluéss PR\ Aty vaRicsBaged o _
predefined tenperature |ocation within the rrem)r%. tFurt her, the conparison
&

| ogi ¢ of t e emparisdrseandratgresotbe flagatluss in peadghecd lopations Bithudhp BTNt he 30

digital t .val ' t t 1 m : At i A f
Vil ue. bascleahor deviip i Soloif PRENEEPaRpL T Yt g BBRCKE 1 10 B, 120
. tenperatur %céo?‘&gntze ¥Ath b8e o BBredAfies VB A3 BR3BERNCH ddHaPhsRedisand storing a

tenperature flag value in a predefined tenperature flag | ocation within
t he mendr y prdvideddorenabiabioshdenies toneaddoom ped weite todeqatiens WilERthfes " mar gi ni ng"

[ it f djustif i G bv th
Control | oi FEmOEty AR of B eonero ool bl pRiAR A REE A Y, [ e
nmenory. BRhEEtim%Dcﬂg%ﬂQ:arJ HerGRAWNGR ststshiputa@nglacakjiggt s and features

of the invention w e nore readily apparent .fromthe follow ng detail ed
descri pt i oromesdomtimemdmdryichanned lagations wilden thetontioddnj unction with the
drawings, in which: Fig. .1 i bl LAagr f ' - Al 1oel ectronic
transcei ver. Fi B".Soﬁn‘? dBP%’i%EISF roglr%go gﬁﬂgpdeoe g{:rtl@%tﬁ'i%c&?c?%scei ver. in

accor dapce pMedingtaBnd v ASEdtirek oAz 6 Bumbiatve Sperstion thhoakthelrageeinenf
. hodul es w %hi nt ﬁe controller of the optqelectronic 15 transceiver of Fig.
)2. DETA Lmh%mwmmpﬂéﬂEmak%BﬁﬂhﬁERﬁ@%eﬁ?%scei ver 100 based on

the present invgntion | ' | des A PRvdr <78 100
contains a Rece‘l%vséz’%nECSpﬂjtlblsoc(:u;i['lf;| u ggglg&nﬂﬁlﬂ%&%ﬁlﬁszag%rzs ranlg%?tter

Opti cal Subsaseari généd@SApowE3ewd] sizgalwiotrespandingitat pawponpplyvpltagd er 104
and laser driver 105 integrated circuits that .co ni.cate the high speed
el ectri cal levelofths Banseeiyeie Ipthess Febalynerys &‘Fﬁ“?lﬁggg%ﬁgé,wﬂm%r, all ot her

cont 1 oly sang, SHHIR cobHARLA BNDndkPie TBWEITeM: Rkt inld 2dighiipdwel Regkle: chi p

integrated circuit controller 1C. 25 The controller 1C 110
handl es al Yalhomdsipetnte therdigital pawérdere] viluhin dpredefined power levgidagatiphic| ude t he

tandardi zed pin f ti h L f. Si | . 1 tt
Faul 1 noi B PdRe prRoRA oo e e e ol MR eak B edcboppdy o 1€

include logic for comparing the digital power level value with a power (i.., voltage)

supply vol tage sensor neasures the transceiver voltage supply IeI mﬁﬂ
25

level limit valne, generating a flag value based on the comparison of the digital power
20 level signal with the power level limit value, and storing a power level flag value ina
predefined power level flag location within the memory. It is noted that the power
supply voltage sensor measures the transceiver voltage supply level, which is distinct
from the power level of the received optical signal.
In some embodiments the controller further includes a temperature sensor that
25 generates a temperature signal corresponding to a temperature of the transceiver. In
these embodiments the analog to digital conversion circuitry is configured to convert
the temperature signal into a digital temperature value and to store the digital
temperature value in a predefined ternperature location within the memory. Further,
the comparison logic of the controller may optionally include logic for comparing the
30 digital temperature value with a temperature limit value, generating a flag value based

on the comparison of the digital temperature signal with the temperature limit value,



(TXDI'S) 13. The controller IC 110 has a two wire serial int erfac&-lﬁ]zwfl @@
called the nenory interface, for accessing nenmory mapped | ocations' i IZ
controller. Menory 30 Map Tables 1, 2, 3 and 4, below, are an exenplary -
menory rr\ﬁg for one enbodi nent of a transceiver control}efus@msigp! emented
in one SMBOUPHENt of the present APR 20! WO 02/ 063800 PCT/ U302/ 03226
invention. It is noted that Menory Map Tables 1, 2, 3 and 4, in addition to
showi ng a JXBERFiNg AmEdrati@ lugs/ahidn a predefited teapemese Aaslorativadvithin t hi s
docunent, al so show a  nunber of paraneters and control nechanisns that are
out si de t hehswmepersof this docunent and thus are not part of the present

invention. 5 The_ interface 1 [.S . eyl gt 358

i nput / out put | i nRECME ¢} ?@Fﬁ%%ﬁc&ﬁ&%égg?ﬁegn ffaﬁﬁgﬁ?é%gi, 15 and 16.
I'n the pr efaﬁﬁfsﬁ&ij% SR8 Bbntrol b138als Siehahtet bl elid amtrol dicuitpein at@sdange -
accordance with the two wire serial interface standard that is also used
in the GBI Gritrah BfBtrentivakie goredipiksBemefher serial interfaces coul d
equally well be used in alternate enbodi nents. The two wire serial 10
interface 121 is used for all setup and querying of the controller 1C 110,
and enabl es access to HBrIEPPESHRAPTIONIOF THEDRAWINGSs control circuitry
as a nenory mapped device. That is, tables andwﬁ%arreters set,up b

. ; Al e y
writing val ues tAddpionaketiessspndfaiiey of the arveghen HROB T APRERYl atil e

menory devices,1l 122....1 ; @3}{5 LESSVhd controller,
wher eas di a%’ﬁb@?%@loéﬂﬂgg?tﬁ%% %egfrgjﬁ{onﬁg at %S&%S valllétﬁf;gﬁég?g out put by

r eadi ngPr QEFLAdTBNRFh e ARiwingspfakhiolts of the same nonvol atile menory
._devices 120, 121, 122. Thjis technjque is con?i stent_ with currently defined
Yserial ID funct Famdlis e Plogk dipgrapn ol apRe SriRpiCIGHHOrY ORY i re seri al
interface is us . i t ik d i hdcbridinodadieh stored in

EEPROM It is ng?géc?ig%%p@g?%ﬁ%@o@%ﬁ%ﬁﬁnﬁ%ﬁﬁns in the nenory

devi ces 12@he pré@ntliz®entibA8 are dual ported, or even triple ported in sone

i nst . That _is, whjle th d | ' d d i
Some Cases w1 L it 3t & blRE CggL TR D Rl e Gl ofRe, U 1

accessed by.ot bet. cifigw try in the controller 110. For instance, certain
"mar gi (ra?lq;ng')fr vaPﬁes stlgred in nmenory 120 are read and used directly by

logic 134 to adjust (i.e., scale upwards or downwards) drive |evel signals

.25 being sent to ' %é’ﬁFREE ' IMEere are flags
stored nenory 12%%?%%%?%;11?@? y Ogl?%iﬁ?(%t 131? and (B) read
directly by | ogisCraiskdivirt1 08 Based ondle gesunpinrentortisishovn in FigppeddBocat i on not

in menory devices but that is effectively dual port [ e_put put or

resul t regiThe grnsseiver H¥congns ﬂ]ﬁeGFWEOEB%%SP ﬁseg@g&ﬁ&ﬁéjéhyﬁcﬁe val ue in

t he reg|st isS.re I TEUT f i feritten b
gjl'oy ﬁrﬁaqs%&egﬁ%ggh%u\ﬂ'a&e%ﬂﬁrgﬁs%q 108 RidaEWAafasiddatedpdst-bmpBfie y

circuit clrcul _ . )
104 and laser driver 105 integrated circuits that communicate the high speed electrical

) signals to the outside world. In this case, however, all other control and setup
functions are implemented with a third single-chip integrated circuit 110 called the
controlter IC.

25 " The controller IC 110 handles all low speed communications with the end
user. These include the standardized pin functions such as Loss of Signal (LOS) 111,
Transmitter Fault Indication (TX FAULT) 14, and the Transmitter Disable Input
(TXDIS) 13. The controller IC 110 has a two wire serial interface 121, also called the
memory interface, for accessing memory mapped locations in the controller. Memory

30 Map Tables 1, 2, 3 and 4, below, are an exemplary memory map for one embodiment

of a transceiver controller, as implemented in one embodiment of the present
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memory mapped locations can be read and in some cases witten via the serial

' ) . interface 121, they are also directly accessed by other circuitry in the controller 110.
For instance, certain “margining” values stored in memory 120 are read and used
directly by logic 134 to adjust (i.e., scale upwards or downwards) drive level signals

25 being sent to the D/A output devices 123. Similarly, there are flags stored memory
128 that are (A) writien by logic circuit 131, and (B) read directly by logic circuit 133.
An example of a memory mapped location not in memory devices but that is
effectively dual ported is the output or result register of clock 132. In this case the
accumulated time value in the Tegister is readable via the serial interface 121, but is

30 written by circuitry in the clock circuit 132.
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yet other embodiments the D/A converters may be implemented using digital

=D

potentiometers. In the preferred embodiment, the output signals of the D/A converters
are used to control key parameters of the laser driver circuit 105. In one embodiment,

25  outputs of the D/A converters 123 are use to directly control the laser bias current as
well as control of the level AC modulation to the laser (constant bias operation). In
another embodiment, the outputs of the D/A converters 123 of the controller 110
control the level of average output power of the laser driver 105 in addition to the AC
modulation level (constant power operation).

30 In a preferred embodiment, the controller 110 includes mechanisms to

compensate for temperature dependent characteristics of the laser. This is
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of the controller IC 110, produced by an additional D/A converter 123, is used to

adjust or compensate the output swing setting at manufacturing setup time on a
part-by-part basis.
In addition to the connection from the controller to the laser driver 105, Fig. 2
25  shows a number of connections from the laser driver 105 to the controller IC 110, as
| well as similar connections from the ROSA 106 and Postamp 104 to the controller IC
110. These are analog monitoring connections that the controiler IC 110 uses to
provide diagnostic feedback to the host device via memory mapped locations in the
controller IC. The controller IC 110 in the preferred embodiment has a multiplicity of
30 analoginputs. The analog input signals indicate operating conditions of the

transceiver and/or receiver circuitry. These analog signals are scanned by a
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function of the fault control and Iogic circuit 133 is to determne 30 the
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configuration flag stored in nenory 128. Q her confi gu‘%glti or&_fl ags (see
Tabl e 4)  stiermensined pegeiied pewer isdendiedbss Rio Thropempriadr RRIHBIAMAIGNCof each
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al ternate enbodi nent, anqgther input, tg the controller 10 t the host
i nterface, cpaiguraignyaliep é"c$-iéﬁl%q?‘ij‘ﬂ%ﬁ"elpﬁ?%ﬁ%?’%éelﬂﬁ%s)raéet%&g‘gl ection signal
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digital signal at specifies the 10 expected data rate of data to be
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signal mg Q%ltygae\{eevei \sl\llognéi %lyl'{ges ADrCePergned%tla H%tgi %ﬁta%g Pevlezlos\i\étﬂf‘fs%to'}% S
20 memory 128. In a preferred embodiment, the A/D input mux 124 and ADC 127 are
controlled by a clock signal so as to automatically, periodically convert the monitored
signals into digital signals, and to store those digital values in memory 128.
Furthermore, as the digital values are generated, the value comparison logic
131 of the controller compares these values to predefined limit values. The limit
25  values are preferably stored in ﬁlemory 128 at the factory, but the host device may
overwrite the originally programmed limit values with new limit values. Each
monitored signal is automatically compared with both a lower limit and upper limit
value, resulting in the generation of two limit flag values that are then stored in the
diagnostic value and flag storage device 128. For any monitored signals where there
30 is no meaningful upper or lower limit, the corresponding limit value can be set to a

value that will never canse the corresponding flag to be set.

10
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In a preferred embodiment, fault control and logic circuit 133 lo gically OR’s

the alarm and warning flags, along with the internal LOS (loss of signal) input and
Fault Input signals, to produce a binary Transceiver fault (TxFault) signal that is
coupled to the host interface, and thus made available to the host device. The host

15 device can be programmed to monitor the TxFault signal, and to respond to an
assertion of the TxFault signal by automatically reading all the alarm and warning
flags in the transceiver, as well as the corresponding monitored signals, so as to
determine the cause of the alarm or warning.

The fault control and logic circuit 133 furthermore conveys a loss of s_ignal

20 (LOS) signal received from the receiver circuit (ROSA, Fig. 2) to the host interface.

Another fimction of the fault control and logic circuit 133 is to disable the
operation of the transmitter (TOSA, Fig. 2) when needed fo ensure eye safety. There
is a standards defined interaction between the state of the laser driver and the Tx
Disable output, which is implemented by the fault control and logic circuit 133.

25  When the logic circuit 133 detects a problem that might result in an eye safety hazard,
the laser driver is disabled by activating the Tx Disable signal of the controller. The
host device can reset this condition by sending a command signal on the
TxDisableCind line of the host interface.

Yet another function of the fault control and logic circuit 133 is to determine

30  the polarity of its input and output signals in accordance with a set of configuration
flags stored in memory 128. For instance, the Loss of Signal (LOS) output of circuit

11
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PCT/ US02/ 03226 eailieNaitecmbodiment; araittken irgtui torthe owrttollen102, at the host

interface, is a rate selection signal. In Fig. 3 the rate selection signal is input to logic

133. This host generated signal would typically be a digital signal that specifies the

10 expected data rate of data to be received by the receiver (ROSA 102). For instance,
the rate selection signal might have two values, representing high and low data rates
(e.g., 2.5 Gb/s and 1.25 Gb/s). The controller responds to the rate selection signal by
generating control signals to set the analog_receiver circuitry to a bandwidth
corresponding to the value specified by the rate selection signal.

15 ‘While the combination of all of the above functions is desired in the preferred
embodiment of this transceiver controller, it should be obvious to one skilled in the art
that a device which only implements a subset of these functions would also be of great
use. Similarly, the present invention is also applicable to transmitters and receivers,
and thus is not solely applicable to transceivers. Finally, it should be pointed out that

20 the controller of the present invention is suitable for application of multichannel

optical links.
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(Array 0) 7Bh - 7EhPassword Entry BytesThe four bytes are used for pa
entry. The PWE Byte 3 (7Bh)entered password will éeterm’ ne the us'er'pséBRDMﬂ
MSByteread/wite privileges. PWE Byte 2 (7(1) PWE Byte 1 (7Dh) PWE Byte O
(7Eh) L gétoﬁ(m;ﬁﬂp‘”ay Sel ectWiting to this byte deternpaessoahsnh of the
upper pages or nmenory is selected for reading and witing. Oxh (Array X

Sel ected) Wiere x = 1, 2, 3,40r5 SOb- FFhReserved / not currently inplenented
Menor yNane of LocationFunction of LOEBh Location (Array 1) 80h - FFhbData

EEPROM Menor yName ofM ' | %@%r?&é Ih‘i{@t. (Arra

y 2) 80h -
FFhDat a EEPRg\/I Menor @qu_ a |o§ unc |oﬂr'1ﬁgf Location (Array
3) 80h - 87T %I[m rat a%{ﬂifﬂ%é fonVal Yguhktidnt €en to this location serves as
the 88h - § armhijgh alarmlimt. |Data format is the sane as the POh -

. 91hV~, H gh KPR orlr espondi ng val ue ;
I—%ﬁ ; P‘LE}C p g ug (tenperature, V,,, B;11, Pm h -

99hBm Hi R——1—-ACGh A-RR—H-gh—Aar- R Hoh Al 8‘2‘H"-

83hTenper at| @fke- FEWTHAEEBDPA® writt en “gﬁf@”%% § %%algogg}@%%h%rsc t he [8Ah -

. 8BhAlarm ow alarm |ilnit. Data fornat A came as the 92h - 93] Low
Al ar ntor regpemndi ng \aletmperbtue 8B at ur] Ehis\Yyte c@rigingthe MSBopAhe- 15988 D Ljow

AlarnmR J. complement temperature output from the

temperature sensor.

61h Temperature LSB This byte contains the LSB of the 15-bit 2's

complement temperature output from the
temperature sensor.

—+

(LSB is Ob).
62h - 63h V., Value These bytes contain the MSB (62h) and the LSB
(63h) of the measured V,
(15-bit number, with 2 0b LSbit)
10 {64h-65h B, Value These bytes contain the MSB (64h) and the LSB

(65h) of the measured B;, (laser bias current)
(15-bit number, with a 0b LSbit)

66h - 67h P, Value These bytes contain the MSB (66h) and the LSB
(67h) of the measured P;, (transmitted laser
power) (15-bit number, with a 0b LSbit)

68h - 69h R,, Value These bytes contain the MSB (68h) and the LSB
(69h) of the measured Ry, (received power) (15-
bit number, with a 0b LSbit)
6Ah -6Dh | Reserved Reserved
6Eh IO States This byte shows the logical value of the I/O pins
15 | 6Fh A/D Updated Allows the user to verify if an update from the

A/D has occurred to the 5 values: temperature,
V.. B;., P, and R,,. The user writes the byte to
00h. Once a conversion is complete for a give
value, its bit will change to ‘1°.

70h - 73h Alarm Flags These bits reflect the state of the alarms as a
conversion updates. High alarm bits are “1° if
converted value is greater than corresponding
high limit. Low alarm bits are ‘1’ if converted
value is less than corresponding low limit,
Otherwise, bits are 0b.

74h-77h Warning Flags These bits reflect the state of the warnings as a
conversion updates. High warning bits are ‘1" if
converted value is greater than corresponding

20 high limit. Low warning bits are ‘1" if converted
value is less than corresponding low Limit.
Otherwise, bits are 0b.

78h - 7Ah Reserved Reserved

13



A2h - A3hPi,, Low Alarm R, Low Alarm 14 1 APR NUM WO 02/ 063800 10 15 ﬁgrﬁ@*
30 35 PCT/ US02/ 03226 MenoryNane of LocationFunction of Location Lo a@‘l
(Array 3) 84h - 85hTenp Hi gh Warni ngThe value witten to this |ocation
serves %OM}@ ﬁ,gh - Sbhy, Hi gh V\ar_ni nghi gh war ni ng I i M per/Dakazfermat i s

t he sane as 21 - 95hBu, H gh Warni ngt he correspondi ng val ue (tenperature,

V,,, Bu,, 9Ch - 9DhPu, H gh WarningPi, R., ) _Adh - AshRu . H.gh VWarning 86h
- 87hTenpel atdiiody LoWNmewdLoeationi t t ¢ Functidohi s | ocati on serves as thp 8Eh -
SFhWar ni nglf @scatdani g limt. Data format is the same as 96h - 97h,,{ Low
xr ni ngP_t he (AfHhy €5 D( ndi ng val ue (tenperature, Vé,_‘gBmWVc_ 9Eh - 9thl; I|58W
rni ngPi , : Al 19 : , i HsRerd —Th&Fh, Doi ,
cont rol 0’ §7Ra -‘)’E'hd”?”Pa sv@ﬁ?&%ﬁ)&%ﬁg @ﬁtgridgggsf%@?a Wil ddaralise: the fgéﬁFo, ,
control 0-$ BOh - B s control rgiagvr%ﬁvlﬁe@g_ - BFI, Crh
COhReser veglReser ved B gi}gﬁel e¢ts MCLK divisor for X-delay CLKS.
c2hb, , , g Del aySel eq tﬁﬁr’\ﬂgg? 7 pre¢scal e cl ocks
PWE Byte 0 (7Eh)
LSByte
7Fh Array Select Weriting to this byte determines which of the
upper pages of memory is selected for reading
10 and writing.
Oxh (Array x Selected)
Wherex=1,2,3,40r5
15 | 80b-FFh - | Reserved / not currently implemented
Memory Name of Location ¥unction of Location
Location
(Array 1)
20 | 80h-FFh Data EEPROM
Memory Name of Location Function of Location
Location
(Array 2)
25 | 80h-FFh Data EEPROM
Memory Name of Location Function of Location
Location
(Array 3)
30 | 80h-81h Temperature High The value written to this location serves as the
88h - 85h Alarm high alarm limit. Data format is the same as the
90h-91h | V. High Alarm corresponding value (temperature, V., By, Py,
98h - 99h B;, High Alanm R.).
ACh-Alh | P, High Alarm
R, High Alarm
35 |82h-83h Temperature Low The value written to this location serves as the
8Ah-8Bh | Alarm low alarm limit. Data format is the same as the
92h-93h V. Low Alarm corresponding value (temperature, V., By, Py,
9Ah-9Bh | B, Low Alarm | Ra)-
A2h-A3h | P, Low Alarm
' R;, Low Alarm -

14



C3hFO,,, Delay C4hLo,, Delay C8h - C9hV' - A/D Scal el6 bits of gaifh APR 2604

adj ustnent for correspondi ng AlD CAh -

CBhBp, AJD Scal econversi on

val ues.

_Cﬁh - gDhP,, - AID Scale CeEh - CFhR ,, AD Scal e DOnChi p AddressSel ects
chip a g‘y&?z?( g@?n external pin ASEL is |ow. DlhMargin #gpiddesadreel ective
Per cent age S for DDA #2 D2hMar gi n #1Fi ni sar Sel ective Percentage (FSP)
for DDA #1 D3h - D6hPW_Byte 3 (D3h) The four bytes are used for password 1
entry. NSBThRmem er dlaﬂ;_assmmufa_dowi | | | #ebh@ioniofibodakien Fi ni sar PW Byt e |2
(D4h) cust ofiBécatios €adl/ write privileges. PW Byte 1 (D5h) PW Byte O }(D6h)
LSB D7hD/ A Qgp,;,r;;l This byte determnes if the DJA outputs source or|l sink
current, amly ‘ssﬁ" ' \f%& TP P FLIEEE T B ook eIl oot
b é/ £ Tri Bmm Hfﬂt P ol RhALME &  HON -
. E3hPj ~ Fast , ehi ne 1 93&9?‘ ek B8 VOVA!
tenperat urf 9 in 21 06380Pp 021 3226 Menory = Locati dn Name
of Loca |0h§ﬂ£ on T“HD (Ar E4h - E7hRv, Fast TripThdse bytes
define the of—ove Lb“ SAper-att ESHCoRH at-+on-{Locat i on
of the bitfSas 5@ef | @wqﬁafqrabp*@ 4 o/EPfiY  Siea t this location serves s the
8Eh - 8Fh Warning low warning linut. Data format is the same as
96h - 97h V.. Low Waming the corresponding value (temperature, V., B,
9Eh - 9Fh B, Low Warning P., R
10 | A6h-A7h |P, Low Warning
R, Low Warning
AS8h - AFh, |D,, control 0-8 Individual bit locations are defined in Table 4.
C5h Fm,t control 0-8
BOh-B7h, |L,ycontrol 0-8
15 | Céh
B8h - BFh,
C7h
COh Reserved Reserved
Clh Prescale Selects MCLK divisor for X-delay CLKS.
20 | C2h D,,, Delay Selects number of prescale clocks
C3h F . Delay
C4h L, Delay
C8h - CSh V.. - A/D Scale 16 bits of gain adjustment for corresponding A/D
CAh-CBh | B, -A/D Scale conversion values.
25 | CCh-CDh |P,-A/DScale
CEh-CFh | Ry, - A/D Scale
Doh Chip Address Selects chip address when external pin ASEL is
low.
Dih Margin #2 Finisar Selective Percentage (FSP) for D/A #2
D2h Margin #1 Finisar Selective Percentage (FSP) for D/A. #1
30 |D3h-D6h {PWI Byte3 (D3h) The four bytes are used for password 1 entry.
MSB The entered password will determine the Finisar
PW1 Byte 2 (D4h) customer’s read/write privileges.
PW1 Byte 1 (D5h)
PW1 Byte 0 (D6h}
35 1LSB
D7h D/A Control This byte determines if the D/A outputs source
or sink current, and it allows for the outputs to
be scaled. '
D8h-DFh | By, Fast Trip These bytes define the fast irip comparison over
temperature.
EOh - E3h P;, Fast Trip These bytes define the fast trip comparison over
temperature.
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E9hReser vedReser ved EAh - EBhinternal State BytesLocation of the bit$ ARR 20
defined in Table 4 EChl/0 States 1Location of the bits is defined in Table

4 EDh -
EFhTenp
FFhRese
Location (Array 4) 00h -
Array #1) Newahoriane
FFhD A CynreeiionVs .
02/ 063800 lgAilﬁy%Q 2
DESCRI PTI O AP
anal og val |
t enper at ur €
t enper at ur g B¥Basur e

10

15

EEhD/ A Qut Magni tude of the tenperature conpensated D/ A out puts
e\&é(t?géggsdondexAddr ess pointer to the [ook-irp Arraypukidsie
;

Served 10 15 MenoryNane of LocationFunction of Location

FEhD/ A Current vs

Tenp #1 (User-Defuied |

ok-up

Temp #2 (User-

I@:fmé.manhimFuna'gi‘mtimf ofl@catianon Location (Arra)
5 30 35 40 PCTI 4Ys02/ 03226 TABLE 2 -

5) Ooh

fined Look-up Array #2) 16 1 APR WO

b Bl

T

D STATUJ

bit dat ned 2's conpl enment int
JAL-TFerperat-uf

FledebyR) deile HNAAE WSophisoR Byck0
%ggée@ayg g

guration

-6 1""2':,(}_, Based—ormr—tntermeat
Location of the Dité is defined in Table 4

Override Byte

ESh Reserved Reserved

EAh-EBh | Internal State Bytes Location of the bits is defined in Table 4

ECh /O States 1 Location of the bits is defined in Table 4

EDh-EEh | D/A Out Magnitude of the temperature compensated D/A.
outputs

EFh Temperature Index Address pointer to the look-up Arrays

FOh - FFh Reserved Reserved

Memory Name of Location Function of Location

Location

(Array 4)

00h - FFh D/A Current vs. Temp #1
(User-Defnied Look-up Array #1)

Memory Name of Location Function of Location

Location

(Array 5)

00h - FFh D/A Current vs. Temp #2

(User-Defined Look-up Array #2)

16

DETAI L NMEMORY
nvert ed
pger



97Al | Tenperature LSBFractional part of tenperature (count/256) |nterhgiPRy 20
nmeasured supply voltage in 98Al |V~ MSBtranscei ver. Actual voltage is full
16 bit value 100 uVolt. 99AI IV~ LSB(Yields range of 0 - 6.55V) 100Al | TX

Bi as NS@V“@@:Z(H@& TX Bias Current in mA Bias current is gglhlsodisbdt val ue
*(1/ 256) 1Al TX Bias LSB(Full range of 0 - 256 mA possible with 4 uA
resol ution) 102Al | TX Power NMSBMeasured TX out I n MmN Qut S

full 16 bit TARBLES ~DEDAID MEMERWDESCBRTIGNS P %ﬁﬁéﬂl‘{D FEMGES BFES0 - 32 nw
possible with 0.5 pWresolution, or -33 to +15 dBrr) 104AL 1 RX Power

VEBMeasur e B??é fnmid power Nafaer NW R>|( power is f (leberip@iobit val ue *(1/16384)
W 105A1 | RS o L i BRgR Bhida, @ TWDOSSTBTE with 0.06 W
B AR R =N T\ 1 \wy CU IV L)F\C
. defi ni t don| 096 di |Atn| ze?’@ﬁ’é‘%“gmsﬁput gi g fjmt &é’%péa‘?av (C'i("%l of | S
future def} fi0h) n of |digitized anal ¢ 108Al | Reser ved MSBReserved for
2"d future| defimition of digitized 4 mewﬂm tePPRE RN EANERSIYIIE Spibeser ved
for 2"d fufuse etﬁ.il]ni t TeamperafuraliLSP t i 4 Faction] pagt dftmperaansowit28)at us [ Bi t s
1107TX Di s Tial | GLpig OF the | ibinsiahdsir WvBitakd b Reser ved
1105Reser vled 1104 te Sélect Di gital Saadctival AbRSl vattReRaduf 1661t ogihe * pput Pi n
1103Reservied 1102TX Haul t Di g| t al st qltlgo 9{701{ he TX Fault Qut put Pin
1101LCSDi gi-tal—$tat-ejof—he—+65—0ut] nr—+10 On—togrtindiTat es
transc@Pvelr_¥hs|adtl FV\(éﬂf" er _up ar ﬁﬁﬁiﬂ% be Lglg?’v')ann ALD
Val i di ndi cjatiee N Bilvd| T BisaMSR es 96 /Mepsired T4 Biag Crrag i mAA@lEﬁ PEER || ndi cat es
A/'D value |in By{es 99/99 is valid is full 16 bit value *(1/256) mA.
101 All | TX Bias LSB (Full range of 0 - 256 mA possiblc with 4 uA
resolution) 1
15 102 All | TX Power MSB Measured TX output power in mW. Output is
full 16 bit value *(1/2048) mW.
103 All | TX Power LSB Full range of 0 - 32 mW possible with 0.5 pW
resolution, or 33 to +15 dBm)
104 All | RX Power MSB Measured RX input power in mW RX power is
20 full 16 bit value *(1/16384) mW.
105 All | RX Power LSB (Full range of 0 - 4 mW possible with 0.06 pW
resolution, or <42 to +6 dBm)
106 All | Reserved MSB Reserved for 1* future definition of digitized
analog input
25 107 All | Reserved LSB Reserved for 1% firture definition of digitized
analog input
108 All | Reserved MSB Reserved for 2™ future definition of digitized
analog input
109 All | Reserved LSB Reserved for 2* future definition of digitized
30 analog input
General Status Bits .
110 7 TX Disable Digital state of the TX Disable Input Pin
110 6 Reserved
110 5 Reserved
35 110 4 Rate Select [ Digital state of the SFP Rate Select Input Pin
110 3 . | Reserved
110 2 TX Fault Digital state of the TX Fault Output Pin
110 i LOS Digital state of the LOS Output Pin
110 0 Power-On-Logic Indicates transceiver has achieved power up and
40 data valid
111 7 Temp A/D Vatid Indicates A/D value in Bytes 96/97 is valid
111 6 V. A/D Valid Indicates A/D value in Bytes 98/99 is valid

17



17 1 APR 20L" WO 02/063800 PCT/ USG2103226 Byt eBit NaneDescription ﬁ\@(ﬁ: 0
Bias AID Validlndicates AJD value in Bytes 1001101 is valid 1114TX"P

Al D | ndi cat es A/ D value in Bytes 102/103 is valid Valid 1113RX Power AlD

I ndi cat e I? lue in Bytes 104/105 is valid Valid 11igRhesasyedd ndi cates

Al D val 0¥° P4 é%yﬁes 106/ 107 is valid 1111Reservedl ndicates AID value in

Bytes 108/109 is valid 111DReservedReserved 18 APR I UMD 02/063800 10 15 20

25 30 35 4 CHilUSp2/ 03286md ABLE [3 - DETAI L NBdyBOiMidDESCRI PTI ONS |- ALARI\/I
AND_VARNI NS—FEAGBE TSI BY TR 1/ NAFIREE S Chiit Q0D k% i Bies 106/101 R9ald ag Bi ts
1127Tenp gh —Allar iSei—whenR—+at-erhal A e A H 1 cF“ m | evel .
1126Tenp LpwiiAl gr nfet ®Ken FaweEr noP F@ﬁ‘ﬁ,?s‘almrvé‘qeé“)\%}éf‘mz gﬁ/ afarmj evel . 1
125V" Hi gh| Al ar iSet wh¥aliq nt er nal _ | evel .
1124VC, Lo AlarxnSet | ’ifen Paweer n&D |shngipdtss A/D viabig én Bgesildia 07 isaelid '
5 Valid :
111 2 Reserved Indicates A/D value in Bytes 106/107 is valid
111 1 Reserved Indicates A/D value in Bytes 108/109 is valid
111 0 Reserved Reserved

18



1123TX Bias Hi gh Al arnSet when TX Bias current exceeds, WP@hZBﬂi
al ann level. 1122TX Bias Low Al arnSet when TX Bias current is bel ow Iow
alarmlevel. 1121TX Power Hi gh Al arnBSet when TX out put power exceeds high
al ar m | evelo2/odd@OTX Power Low Al arnSet when TX out put peveustzeshel ow | ow
alarm |l evel. 1137RX Power H gh Al arnSet when Recei ved Power exceeds high

21 arm | ovel AR DAL RO PR A AT AR AN FEw At g éII&'TEYT”p

H gh Warni

alarm | evel .

1166Tenp LovBXérini Bi§Set wherN4%8 er nal |t enper at ur @ebgiignow | ow war n| ng
| evel . 116%V" Hi gh Warni ngSet MhahaddWahingblagBapl y vol t age exceeds i gh
warning 4 e J.bl} })g@gﬂggr}m Set W) }%@ i s bel ow
- | ow war ni ng ?evel 11¢ I.gh 1@1{1‘3& Y a\/\%&nﬁ%@%%gés/%c%ggejt
exceeds hi ;h werk Ao vel—34+-62 TX Bi-as—LewWarrhrgSet—when—xX—Bi
current is|bE2ow | 8w WAFHR F@W 1) 8¢t whea P@F&?}teﬂﬂjﬁfﬁ@éﬂtis Prlew lopx aut put
power excegeds hijgh \VAEnj ngwar ni nq | evbflarmleveh TX Power LowSet when JTX
out put powerllizs |bebow VoWigédiarmng war hBstgvhbreimeinal sipply Tolge Povssets highgh Set
when Rddei yed Pdwer ekceeds hi gh Warn{ sigmievehi ng | evel . 19 APR 2 Wi}l ' O
02/063800 ['112 | 4 |V.LowAlam Set when internal supply voltage is below low
alarm level.
112 3 TX Bias High Alarm Set when TX Bias current exceeds high alarm
level.
15 112 2 TX Bias Low Alarm Set when TX Bias current is below low alarm
level.
112 1 TX Power High Alarm | Set when TX output power exceeds high
alarm level.
112 0 TX Power Low Alarm | Set when TX output power is below Iow
20 alarm level.
113 7 RX Power High Alarm | Set when Received Power exceeds high alarm
level.
113 6 RX Power Low Alarm | Set when Received Power is below low alarm
level.
25 113 5-0 | Reserved Alarm
114 All | Reserved
115 All | Reserved
116 7 Temp High Warning Set when internal temperature exceeds high
warning level.
30 116 6 Temp Low Warning Set when internal temperature is below low
4 ) warning level.
’ 116 5 V.. High Warning Set when internal supply voltage exceeds high
warning level.
116 4 V., Low Warning Set when internal supply voltage is below low
35 warning level.
116 3 TX Bias High Warning { Set when TX Bias current exceeds high
warning level.
116 2 TX Bias Low Warning | Set when TX Bias current is below low
waming level.
40 116 1 TX Power High Set when TX output power exceeds high
Warning warning level.
116 0 TX Power Low Set when TX output power is below low
Warning warning level.
117 7 RX Power High Set when Received Power exceeds high
45 Warning waming level.
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10 PC /USQ2/ 113226 Byt eBit NameDescription 1176RX Power Low Set when PR 20
Recei ved Power is bel ow | ow War ni ngwarni ng | evel. 1175Reserved V\ar"nijngﬂ‘
1174Reserved Warning 1173Reserved Warning 1172Reserved Warning 1171Reserved
V\r ni ng \%672)@%@&{ ved Warning 118Al | Reserved 119Al | Reser yegude AR AGO WO
02/ 06350 'Iu 4 10 15 20 25 30 PCT/ USQ2/ 03226 Byte NameBit 7Bit 6Bit 5Bit
4Bit 3Bit 2Bit 1Bit O X-out cntlOT alrzn hi setT alrmto V alrmhi_ V alrm

to B alrmliBRealrpittq p al rMadie P al fm to set setBatdpfimet set set X-put cntl
IR airmhi [RIFTE T IRI o LTI T U |Ret wheh Reldivdd PoREl iPodlbly 1oV
Warning warning level.
117 5 Reserved Wamning
117 4 Reserved Warning
5 117 3 Reserved Warning
117 2 Reserved Warning
117 1 Reserved Warning
117 0 Reserved Warning
118 All | Reserved
10 119 All | Reserved

20



D-in setF-in inv set setsetset X-out cnt |2F-in setlL-in inv L-in set ABR 28
setAux.setT alrmhi T alnn to V alrmhi sethibbibbib X-out cntl3V alrmto B
.a!rm_hl_BaIr_mto Palrmhi Palnnto Rairmhi Ralrmto Bit hi hib

h! bhi bbmz}b@is@@i bbib X-out cntl dP fthi hibR ft hi bi lpDIiuseiese2dd-i n

b! bF-ininv F-in hibL-in inv L-in hib bibbibhib X-out cntl5Aux inv hi bAux
hibT alrmhi Talrmto Valrmhi Valrmlo Batrmhi Balrmto
clreclrelrdrelra X-out cnt16P alrm FABYEAP alrmto Ralrmhi Ralrmto B ft

—

hi clrP ft hi clrk ft hi clrDin iny clr clrclrcle X-outopt37Din OF-in
inv clrF-i Byehukeli Bit T | cBitk- i|nBglSr AuBitisv| Biv3uk BitEE| XBidht | chitP8llat ch
sel ectinveftc,-Trjde datqo-ride S reset H lenabl el O enabl ePul jup
5  ISoutcntl0{Talmmhiset] Talrmlo | Valmbhi | Valrmlo | Balrmhi | Balmmlo | palmmhi | Palmle
set set set set set set set
Xoutcntil| Ralmhi | Ralmlo | Bfthiset | Pfthiset [Rfthiset | D-ininv | D-inset [F-ininvset
set set set
X-outcntl2| F-inset L-ninv 1 L-inset [Auxinvset| Auxset | Talmhi | Talrmlo | Valmbi
set hib hib hib
X-outentl3 | Valmle | Balmhi | Balmlo | Palmhbi | Palnnlo | Ralmhi | R almmlo | B fihihib
hib hib hib hib hib hib hib
X-outcntld] Pfihkihib |Rfthihib [ D-ininv | D-inhib | F-ininv | F-inhib | L-ininv L-in hib
hib hib _ hib
10 Xoutentls | Aux inv hib | Auxhib [ Talmbhi | Talmlo | Valmhi | Valrmlo | Balmbi | B alrmlo
clr chr clr clr clr clr
X-outcntl6 |P almnhicl] Palrmlo { Ralrmhi | Ralrmlo | Bithiclr | Pfihiclkk | Rt hi clr |D-ininv elr
cir clr clr
X-outentl7| D-inclr |F-ininvelr| F-inclr [L-ininvelr| Leinclr jAuxinvelr| Auxeclr EE
X-out cnti8 | latch select | invert |o-ridedata| o-ride Sreset | HIenable |LOenable | Pullup
select data enable
Prescale reserved | reserved | Reserved | reserved B’ B? B! B®
15 | X-outdelay B’ B¢ B’ B B B? B B°
chip address 4 bt b b [ b? b x
X-ad scale 2:5 21-! 213 2!2 2!! 2!0 29 28
MSB
X-ad scale 27 2¢ 2 2 2 22 2! 2°
20 LSB
source/ /A #2 range |source/sink D/A #1 range
D/A centl sink
1/0 2t 2! 2 1/0 22 2 2°
config/O- [manval D/A| manual manual EE Bar | SW-POR AD Manuval | reserved
ride index AD alarm Enable | fast alarm
Internal D-set D-inhibit | D-delay | D-clear F-set F-inhibit j F-delay F-clear -
_ 25 Stafe 1
) Internal L-set L-inhibit | L-delay L-clear | reserved | reserved | reserved | reserved
State @
I/O States 1 }  reserved F-in L-in reserved D-out reserved | reserved | reserved
Margin#1 | Reserved |Neg Scale |Neg Scale |Neg_Scale| Reserved |Pos Scale Pos_Scale [Pos_Scale0
2 1 0 2 |
30 Margin#2 | Reserved |Neg Scale [Neég Scale |Neg Scale ] Reserved Pas_Scale | Pos_Scale [Pos_Scale(
2 1 ) 2 1
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sel ect dat aenabl e Prescal ereservedreservedReservedreservedB3132B' B X- OLB

del ayB7B6B5B4B5B2B' B chi p addr essb7b6b5b4b’ b2b' x X-ad scal e "= 1 APR 200
2F52' a2" 2122112102928 MSB X-ad scal e 2726252"2' 222120 LSB D/ A ent | source/
D/ A #2 rangesource/ si nkD/ A #1 range sink 1/0222'2110222' 2 confi g/ O manual
DY Amanual manual EE Bar SW PORAI D Manual reserved ridei ndexAD

al ar nEnabl ef ast al arm I nt ernal

D-set D-i nhi bi t D-dcl ayD-cl ear F-set F-i nhi bit F-del ayF--cl ear State | Internal
L- s&LAIMI bi t L- del ayL- cl earreservedr eservedr eservedreserved State 0 |/ O
States 1reservedF-inL-inreservedD outreservedreservedreserved Margin
#1Rdser v €iidotrySoninenitieningSuadpodlegroBicadericRecnmmpriséi®os Scal e Pos_Scal e

Pos_sScal %%nlzojf}(?,zujiclll}l/giglg iorr}e ng n'?%?e%é’%%'-}‘;e a‘cxlra%: %r%tol}ﬁl%-in%%'lllgtion related to the

optoelectronic device;

analog to digital conversion circuitry configured to receive a plurality of analog signals
from the optoelectronic device, the analog signals corresponding to operating conditions of the
optoelectronic device, convert the received analog signals into digital values, and store the digital
values in predefined locations within the memory;

comparison logic configured to compare the digital values with limit values to generate
flag values, wherein the flag values are stored in predefined flag storage locations within the
memory during operation of the optoelectronic device; and

an interface configured to enable a host to read from host-specified locations within the
memory, including the predefined flag storage locations, in accordance with commands received

from the host.

2. The circuitry of claim 1, wherein the analog to digital conversion circuitry is configured
to convert a power level signal into a digital power level value and to store the digital power

level value in a predefined power level location within the memory.

3. The circuitry of ¢laim 1, wherein the comparison logic includes logic for comparing the
digital power level value with a power limit value, generating a power flag value based on the
comparison of the digital power signal with the power limit value, and storing the power flag

value in a predefined power flag location within the memory.

4. The circuitry of claim 1, wherein the analog to digital conversion circuitry is configured
to convert a temperature signal into a digital temperature value and to store the digital

temperature value in a predefined temperature location within the memory.

5. The circuitry of claim 4, wherein the comparison logic includes logic for comparing the
digital temperature value with a temperature limit value, generating a temperature flag value
based on the comparison of the digital temperature signal with the temperature limit value, and

storing the temperature flag value in a predefined temperature flag location within the memory.
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1. Crcuitry for nonitoring an optoel ectronic device, conprising: nenory,

i ncluding one or nore nenory arrays for storing information related to the
opt oel ectroni c device; analog to digital conversion circuitry configured to
receive a plurality of anal og signals fromthe optoel ectronic device, the
anal og signals corresponding to operating conditions of the optoelectronic
devigce, q@pVREdiny Beclhes®l WRdeRNAd ﬁlﬁlra‘iitﬁﬁﬁim%ldg%%aﬂ igihdds (4dlaveeg and store
the digital values in predefined |ocations wthin the nenory; conparison

| ogisignels nélegied Edm the seswpnyiginglod laseyhinnturreatl, hasst outpl fower.tand atagévzedt o
generate flag values, wherein the flag values are stored in predefined

f1 8™t orage | ocations within the nenory during operation of the

opt oel ectroni c device; and an interface configured to enable a host to read
f rom hostrhs prédifry efclaif 2 WhSinwhe fHialog 0eligite teiversidmétauitiyng cohfgpéedef i ned
flag storage | ocations, In accordance mﬁt% conmmands received fromthe
hosfo regeivap yoldagesignal fromra sopegepxternal {thihe aanitoHBg gicHiGYy, BVl dietvaltage

con i Ch. i i fii . ver. . Ie: | into a
i o R A blee BB L BE i FRMENA R IR HEDec R RRIRE, 1D
pr ethehiioredithiowhe nlegrogy. | ocation within the nenory. y. The circuitry of
claim1l1, wherein the conparison logic includes |ogic for conparing the

di ggt al povediryl fev@bni¥eHnseanWipidtlatdbRIevick ldomptlnge, generating a power flag
val ue based on the conparison of the dlgltal_pomer signal with the power
linmit vamgaworndecladisg prgyormaregaceoryfarays foy stogiagigfogngioadelpteddd thsower f1 ag

I chftiogl@ctﬂnwh&i&h.e menory. 4. The circuitry of claim1, wherein the analog
to grt conversion circuitry is configured to convert a tenperature

si gnal i mialogtodligitdl abnwteesimeciaduiteecordiguesdan dedeivesit puralityhsf adalgp signals
tenperature value  in a predefjned tenperature | ocation withjn the nenory.

2 P h
5. TR By pRigeieriyori¢ devies: theanalpgstemals COHESROBAINENY SBHANRGARIIHOSE OHEE | ogi ¢
f OF oGONPAFINIAd/AR, ool el EURPERIY Spil e ki) VANE AR KBUINR digilh !

val generating a tenperature flag v baSed on t'he conparison of the
di gvalads inenglefiatdiloeating mathimihe manmeyt enperature linmt value, and storing

R ERTECRT TR B e AR IO
Si gf1gd SalhxC iR th¥PlagRaluedare stored in predefined flag storage locations within the
memory during operation of the optoelectronic device; and
an interface configured to enable a host to read from host-specified locations within the
memory, including the predefined flag storage locations, in accordance with commands received
from the host;
wherein the plurality of analog signals include laser bias current, laser output power, and

received power.

9. A method of monitoring an optoelectronic device, comprising:

receiving a plurality of analog signals from the optoelectronic device, the analog signals
corresponding to operating conditions of the optoelectronic device, converting the received
analog signals into digital values, and storing the digital values in predefined locations within a
memory;

comparing the digital values with limit values to generate flag values, and storing the flag

values in predefined flag locations within the memory; and
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signals selected fromthe set consisting of |aser bias current, |aser

out put power, and received power. 7. The circuitry of claiml1, wHe AERN 28lte
analog to digital conversion circuitry is configured to receive a voltage
signal froma source external to the nonitoring circuitry, convert the
voltage signal into a digital voltage value and store the digital voltage
value in a respective predefined Ilocation wthin the nenory. S. Circuitry
for moni §p5dcBGaRtk VR AREE&IINS %&w@@ﬂoﬁﬁa R ABYibs Ieﬁgamfgaﬂpﬁast dévied tdi ng one
or nore nenory arrays for storing information rel ated t he

opt oeddwmm bost-spabific Clocatioma Mot the diegiarpl indoding ths mndfzfmed u‘ﬂuag dgcatiomst i gured to
receive a plurality of analog signals fromthe optoel ectronic device, the
anal og signals corresponding to operating conditions of the optoelectronic
dev nve t £ e e'v signals into digital values, and store
t he @Igl?g nwagpugghnﬂgpbégg¥ﬁ%@gﬂﬂ%cations wi thin the nmenory; conparison

| 0gi ¢ copdrieeting@ goavet WVRBLigndl berrebpghdiag tvapsies seppll violtaget levdlofids t o
generate flag values, wherein the flag values are stored in predefined

f1 agpieeloptERic flayaes cepve g the ROVeidevelsigrlinta a distial posicaicvelvalie ande

opt st to read
f rogtl(8 lﬁgil{egp 1%1? I e%ﬁ?g%iﬂ(ﬁﬁlg?}lga ngﬁﬁﬂ ﬁ%ﬁg}r&%&n&tﬁgﬁ%gﬁf ﬁloﬂgr edefi ned
flag storage locations, in accordance with commands received fromthe
host, wherein the plurality of analog signals include |aser bias current,

| asét. ouThumethodef claand0, fughei mdddipgner . A net hod of rmonitoring an
optoelectronlc Vi,.C isjng: receivin lurality of al og signals
T om t heCtspRtsedER g seay g e v dinfyCdrlintt T efimBRdy P
OpeP@«irérrlgve‘Iﬁ eaglivhiue Bﬁse@fonttﬁ'@c ABbe6f (he digtatlpii&devet eipvanviti hetpoerer ecei ved
anal og signals into digital values, and storing the digital values in

pr elaelilireid valae,aemdcswgmmthmpcrwq leved fing yalue ShpRieHefincdmewer tvekilagaratios wit h

Q, generate flag values, and storing the flag values in
prgh&?ﬁﬁggﬁiFld’locatlons wi thin the nenory: and APR 2004 in accordance

Wi th instructions recelved froma host device, enabling the host device to

reag%fro hos ﬁ%?%ann 89%?ﬁﬂﬁlm‘th'n the menory-, including the

pr edef ocdtrons. et hod of claim9. further i ncl udi ng:

generati g@eﬁumg\a&émb@umke ﬁg@l’h@brrmbmﬁﬁ@m’l&itelﬁg)etmm o}ﬁdwptcm]mmiomcv ol t age
| evel of the _optoel ectronic¢c device, convertl the E | eyel nal into
a dﬂ@’i“ﬁeaFOI}Y@VW#g th@tﬁ@}p%w&é@ﬁhmt%% @@i‘tﬁ]gtelﬁlﬁga Yyaue %ﬁﬁ%ﬁ’ é‘!gl @Sl ue in a

pre%ﬁ?'eﬁh e@ﬂW@ ?f/e(alaflﬁé?ﬁ@ﬁl Ot Lo%htgolﬂ\pﬁhl'ﬁqm)ﬁ%mo;ﬂ:- The nmethod of claim

|nc conpa Ing t gital power I'evel value with a power
| evel I|n1t value, generatlng a

13. The method of claim 12, wherein

comparing the digital temperature value with a temperature limit value, generating a
temperature flag value based on the comparison of the digital temperature signal with the
temperature limit value, and storing the temperature flag value in a predefined temperature flag

location within the memory.

14.  The method of claim 9, wherein the plurality of analog signals includes two analog
signals selected from the set consisting of laser bias current, laser output power, and received

pOWer.
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power |evel flag value based on the conparison of the digital power |evel
signal with the power Ilevel linit value, and storing the power™=l éviPRf23ag
value in a predefined power |level flag location wthin the nmenory. 12. The
met hod of claim9, further including generating a tenperature signal
corresponding to a tenperature of the optoelectronic device, converting
the tenperature signal into a digital tenperature value and storing the

di ghkal  The MREALH RN HRIdIPreREitRel voRaed SFME TRk SourQCakdAN tYitehi n the
menory. 13. The nethod of claim 12, wherein conparing the digital

t empploaledireniv dévies, wonverting therpektagesignal inka a digithlivoltagevdnaandworng thenper at ur e
fl ag. val ue, based on t he conpar,son,.of the .di.gi,tal tenperature signal with

t ho digf Gt Hfide il pistPern B osntr i peroAg e el or o 1 ag vl de 1n a
predefined tenperature flag l|ocation within the nenory. 14. The nethod of

cl ailg 9, Avaethed of bgitdriny A dptdel@troaltle0lte Sdopipistngt ncl udes two anal og
signal s selected fromthe set consisting of laser bias current, |aser

out put p&kelvingsnpluradipeehanglogsignals frqm fp optoeleptranicederiss, he aggleg wgopls

i ncluding. . i Vi ng: 1. i . r r he

opt Sgr?eesggrr‘%ﬁgg) e (%C:\;/bl91 gg.cxg%ﬁver?fﬁ%‘ggﬁhggég ‘g%‘%@%r g‘ﬁ‘é’? élgn%ttg@gw%?%‘? tal voltage
val ufalensigadlointndigithieraluds gindatoringl thadigitvlatalies impedefsddodatives withilef i ned

| ocation within the nenory. 16. A nethod of nonitoring an optoel ectronic
devEBOT onpri sing: receiving a plurality of analog signals fromthe

opt oel ects.9 al Vfahﬁs N 198t ShRBMoSrenbQte BRRAMAL N dlsorRRahAHANY

|1hedRY hich
condi tions @? ?he &'toe ectroni c device, ctonverting the received analog
si gmahss inpraletingd flad locatians svithamthespamémpartdhe di gi tal val ues in predefined

| ocations within a . nenpr conpar i th i,qi.t al | u i l.imt val ues
to gener bt Pt imatcions SERRE §8nt s 4EYied spafiohe KL depedlol 1 ag

| OCRdal oen MbstBpdrifiddaoERIBAS WithAH We nitndfke Qﬁaaéﬁﬁg thid prbdédfined Flug ldcafiénst ecei ved
froma host device, enabling the host device to read from host-specified
| ocat i onwheweirnthe plundlityefrerajog sigrdlsiichides lager bias sarepfelisern qugput pewes, ond ;

wher ein %he glurality of anal og signals includes |aser bias current, |aser
outBﬁ?V% ReY" and received power. 17. Crcuitry for nonitoring an

opt oel ectroni c device, conprising: analog to digital conversion circuitry
configured to receive a plurality of analog signals fromthe

opt d&l ecCirowniirg forevonitnringhae opteleaetrosicgkwics, cvomprisggondi ng t o operati ng
conditions,of the _optoelect.ronic device, convertlth received. anal og

i gnal s TG BRI PV ERTLr G SrduraHe FEF ety asubs Sgaael  ned

gg:]f?}ibh‘rtffégﬂ%éieétﬁﬁﬁé a%ﬁmetaﬁsmtgtstgﬁag%ﬁeé@ﬁaﬁlg% 6psigiviCendrPAPas ihson | ogic
gured to conpare the digital values with limt values to generate
f | agptoelecizamic ddvégeeconvetidhe tegejvechinpdog dgnalsingy digitalyapesdadisioseithesligita) - napped
fl 291543k %ge%efined memory-mapped locations within the optoelectronic device;
comparison logic configured to compare the digital values with limit values to generate
flag values, wherein the flag values are stored in predefined memory-mapped flag storage
locations within the optoelectronic device during operation of the optoelectronic device; and
an interface configured to enable a host to read from host-specified memory-mapped
locations within the optoelectronic device, including the predefined memory-mapped flag

storage locations.

18.  The circuitry of claim 17, wherein the analog to digital conversion circuitry is configured
to convert a power level signal into a digital power level value and to store the digital power
level value in a predefined memory-mapped power level location within the optoelectronic

device.
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| ocations within the optoel ectronic device during operation of thq_1 APR %
opt oel ectroni c device; and an interface configured to enable a host t0 rea
from host -specified menory-mapped | ocations within the optoel ectronic

devi ce, including the predefined nenory-mapped flag storage |ocations. 18.
The circuitry of claim 17, wherein the analog to digital conversion
circuitry is configured to convert a power |level signal into a digital
powgy | evgt ckalite opBdink @s,safméin&Keeconﬁdaals&al!ogmaaﬁdqshs%ﬁekorvc%mgﬁrihg R
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the optoel ectronic device. 20. The circuitry of claim17, wherein the
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| oc adniperative tvialug ik b redefiha@ibmenbivombgpedasnpaatudllocdiion withinthet ry of cl ai m 20,
wherein the conparison |ogic includes |logic for conparing the digital
terrﬁ@P%lﬁﬁfF‘é“‘%/g?"&@-w th a tenperature limt value, generating a tenperature
flag value based on the conparison of the digital tenperature signal with
t heoi enpepatitufiry bitthiny 20, YeherdR the ShiPalifith 1bBR hQIRRNGEER bhparivgtge in a
predefi ned nenory-napped tenperature flag |ocation wthin the

opt digiteldemperatirelealie with 22emfRratuey liniiivelug, gefnerkiag micdpergtheeridgdgvalyee plural ity
of anal og,signals includes.t anal og _.si gnal,s..sel ected fromthe set
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23. stbhifg tHe'térpdritirefiagtlaidink hredifige € idniohe nppt d@miperatirgifhgllocansy er si on
circuitry is configured to receive a voltage signal froma source externa
t o WHBInfBhPRteeleelEPas devige ry, convert the voltage signal into a digital

vol tage value and store the digital voltage value in a respective

pregerl | nefk cifEiRY o ARRPEF WiRRA RPINLGS i :h6e CRLACIRAILORLGatlay) ce. 24,
Crcuitry tor nitoring an optoelectronic e%l e, conprising: ahalog to
di gsipadls sedevieek fsoro whecset canisistipg obhafdrdpiasanirent, lmemiwmpit popky rad rdegivefi anal og
signals fromthe optoel ectronic device, the anal og signals correspondi ng
to BP¥fating conditions of the optoelectronic device, convert the received
anal og signals into digital values, and store the digital values in
preghef | MEEE SRABNYOMGMIRELY, Wosakn M8 Sinifol fd Bigitllecoapéeieh @GtiiaR i€ caifisuted;
conparison |logic configured to conpare the digital values with [imt val ues
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memory-mapped location within the optoelectronic device.
24.  Circuitry for monitoring an optoelectronic device, comprising:

analog to digital conversion circuitry configured to receive a plurality of analog signals
from the optoelectronic device, the analog signals corresponding to operating conditions of the
optoelectronic device, convert the received analog signals into digital values, and store the digital
values in predefined memory-mapped locations within the optoelecironic device;

comparison logic configured to compare the digital values with limit values to generate
flag values, wherein the flag values are stored in predefined memory-mapped flag storage

locations within the optoelectronic device during operation of the optoelectronic device; and
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2f 7 an interface configured to enable a host to read from host- gﬁe¢|Am¢Q[
menory- snapped | ocations within the optoclectronic device, including the
predefi ned nmenory-napped flag storage |ocations, in accordance with
commands received fromthe host; wherein the plurality of anal og signals

i nclude | aser bias current, |aser output power, and received power. 25. A
nmet hod of nonitoring an optoel ectronic device, conprising: receiving a
pluralityy ther%@lc@ﬁlg,ﬁir&f‘@ chable @Mobts rQtiAth 864tls ?Eﬁlﬁedjﬁl\éin%@y niaPﬁedanal og
signal s correspondi 0 operating conditions of the optoclectronic device,
coni@ﬂfll(i’mngﬂhethﬂelpé?@%@@tOH@niaV@g, ig¢lydiag she m@fmpgmemormhapesd fla;yd storing

t he _di val ues i fi.ned no ations within the

opt SEIBEIREITE HEdree@e R PRt o i R8E wi th 1 mi ¢ val es to
gener at ewhtRh fﬁ@bﬁﬁv‘ﬂlty @ﬂﬁna%g)ilgﬁlﬂls inbRdé laseMBhd\@Frent) [RELSRPtIRAer, and

menor y- mapped flag | ocations wthin the optoelectronlc devi ce; and in
accECBIAAEBOWS™ h i nstructions received froma host device, enabling the host
device to read from host-specified nenory-nmapped | ocations within the

opt Iec r - J.NGl udi { r i menor y- mapped fl ag
IocQ |on%iﬂgg&j$ﬁMbﬁﬁnﬁ%g&(%ﬂkPQH0hgge&f§S?hg€§9ﬁbIuding generating a
pover | excetiviggnairaliyrsfesplopdigngls fronathp opeelestrppic feviot,tthgandl@yspnadd t he
opt oel ectroni ¢ devi.ce, nverting th | evel signal, intqg a digital
pov\gqrrqsgce}g\mg P APERALIGH Honcgtt“ﬂ}sl of dhe gpto ?‘g‘i‘)f“eﬁ dcﬁlﬁﬁe‘ﬁo“i"@g‘é‘g thetetdvetd a

pr e%ﬁdg’k@%‘laﬂgeimd’i ARARAS %ﬂﬂ@forllng‘{l?e' dlkf?ﬁ%lu%‘lﬂ%r%ﬁﬁfﬂled W APIRApEET I ONi C
devi ce . The thod of claim ~26, Tfurther including: cofparfing the
di glocationp wuthin the wetoclesiromcvicyihe;a pomer | evel Ilnlt val ue, generating a

power |evel flag val based.on. t.he .co arlson | evel

S ana | vicerpering e REGE P Bl SRR engif B veiGe vl 5B Het 1 ag
val ygudshin §reﬂ5ﬁﬁ’&lfmélﬁ5ryﬂﬁwm-fm%ﬂ&%ﬁ0mhm th@a@belé&taﬁn& @&ade; @nd Wi thi n the
opt oel ectroni c device. The od of claim25. further |nclud|ng APR 27 APR

2100) gemaceariange avithdppiarciions wceivethipmadiasbdgyined prapling the hoshsicitar e of t he
|
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pr ete predefinstanamyeyrmped flagipatiahsir e | ocation within the optoel ectronic
device. 29. The nethod of claim 28, wherein conparing the digital
tenperature value with a tenperature limt value, generating a

26.  The method of claim 25, further including:

generating a power level signal corresponding to a power supply voltage level of the
optoelectronic device, converting the power level signal into a digital power level value and
storing the digital power level value in a predefined memory-mapped power level location within

the optoelectronic device.

27.  The method of claim 26, further including:

comparing the digital power level value with a power level limit value, generating a
power level flag value based on the comparison of the digital power level signal with the power
level limit value, and storing the power level flag value in a predefined memory-mapped power

level flag location within the optoelectronic device.

28.  The method of claim 25, further including
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tenperature flag val ue based on the conparison of the digital ternpergthar @09
signal with the tenperature |imt value, and storing the tenperature flag
value in a predefined nmenory-mapped tenperature flag |ocation within the
opt oel ectroni c device. 30. The nethod of claim?25, wherein the plurality of
anal og signals includes two analog signals selected fromthe set
consisting of |aser bias current, |aser output power, and received power.

31. The MRhOSShe! teflpRiMrd SignhINBhsioAdinkas 8o atdreVtlth@gRoQbdrAlic froma
source e%?ernaﬁgig p?aérop#ge ectggnlc%deV|céﬂgconvertlng the vol tage

S| gmiawce,rmoveatmg thettethparatnteaignal irlto e digi@l Enmﬂrahge velye and storing thealigitthe val ue
res ectl .pr ede on.w t he optoel ectronic
dev %ﬂre‘ﬁf ﬂd)(ﬁe%fl ﬁ‘gﬂ’le?l(?pf ﬁlﬁpgﬁﬂggxpgrgfu& Orcgtﬁ?%wgh\% e, conprising:
reCQ$MkngU@n@Ugﬁg¢lty of analog signals fromthe optoel ectronic device, the
anal og signals corresponding to operating conditions of the optoel ectronic
device, converting the received analog signals into digital values, and

storing the digital values in predefined menory-mapped |ocations within
t he 28pt odihe aetlng of clpamiZSeWhetsifhar i ng the digital. values with linmt val ues

to gener aL6 £k aomyal 0oL QR EW i bady BIHSAINY clopARfined
paEARE Slatebendd il iy

menor y- snappe ons within the optoelectronic eV| ce; and in
accwm@mmerevﬁagfvalumsliaswmi tha somparéoned ther dpita tehnmatdevsiigrml withahd i ng the host

device to read from host - speC|f|e ry-nmappe ocations within.th
ot SERRSER TR ey e STHER ik PORHEC B HUOF TSRy

| oC &lph QidstureVHRI16¢ARioh REH Hl'é%btcie}éc%n@'a@h@& signal s includes |aser bias
current, laser output power, and received power. 28

30.  'The method of claim 25, wherein the plurality of analog signals includes two analog
signals selected from the set consisting of laser bias current, laser output power, and received

power.

31.  The method of claim 25, including receiving a voltage signal from a source external to
the optoelectronic device, converting the voltage signal into a digital voltage value and storing
the digital voltage value in a respective predefined memory-mapped location within the

optoelectronic device.

32. A method of monitoring an optoelectronic device, comprising:

receiving a plurality of analog signals from the optoelectronic device, the analog signals
corresponding to operating conditions of the optoelectronic device, converting the received
analog signals into digital values, and storing the digital values in predefined memory-mapped
locations within the optoelectronic device;

comparing the digital values with limit values to generate flag values, and storing the flag
values in predefined memory-mapped flag locations within the optoelectronic device; and

in accordance with instructions received from a host device, enabling the host device to
read from host-specified memory-mapped locations within the optoelectronic device, including
the predefined memory-mapped flag locations;

wherein the plurality of analog signals includes laser bias current, laser output power, and

received power.
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