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FOR FI BER OPTI CS TRANSCEI VER The present invention relates generally to the
field of Wowewnespii c transceivers and particularly to ciPcmiuss2/oed wthin
the transceivers to acconplish control, setup, nonitoring, 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 pulses, and the receiver
circuit which takes relatively small signals froman optical detector and
anplifies and limts themto 10 create a uniformanplitude digital

el ectronic output. In addition to, and sonetines in conjunction with these

basi ¢ functions, t%(ﬁ{ﬂﬁwm%ggw%gg@régmaé@%?gg&ﬁ handl ed by

the transceiver circuitry as we may optionally

be handl ed by the transcei VEFORIFIBBRIOFTICKME AMSCH®ERuUNCti onal ity. These
tasks include, but are not necessarily limted to, the follow ng: 15

Setup functions. These generally relate to the required adjustnents nmade on
a part-to-part basis in the factory to allow.,f arlations,in conponent
characteristics —Cherresd PGt GieBis sRrBUKSY tredind BLpSt BRE R FRER  on
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erasabl e and programubl e read only nenory) or other nonvolatile 20 menory.
The menory | mopiteing abd idenititedionioberatisisng a serial conmuni cation standard,
that is used to store various information identifying the transceiver type,
capability, serial nunber, and conpatibility with various standards. Wile

not standard, it would be deghatROUND OEMR/ESTRNG in this menory
addi tional information, such as sub-conponent revisions and factory test
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takes relatively small signals from an optical detector and amplifies and limits them to
10 create a uniform amplitude digital electronic output. In addition to, and sometimes in
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 used 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.



5 to performsone or all of the follow ng additional functions:

Tenper at ure conpensation functions. For exanple, conpensating for known
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efficiency. Mnitoring functions. Mnitoring various paranmeters related to
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i nput or outtBafragseeivés, for instance by specifying a scaling factor to be

used in_conjunct g0, il idid Bl alRbE e mOHLRULIKPL UGy d B ERN 1 N
of these additiona unctions are rnplenented i n nos ranscervers; —in
part becasiseeeb tiable of B8 totaf mAhRS f BOurs B Eaneteitdi@aehédnnatthopsvdidvatdgen 2
WO 02/ 063800 PCT/ US02/ 03226 i nplenmented using discrete circuitry, for

exanpl e usi rinddo genvet e mpierthisdeneErROMailpble t¢ gbastidevieat i on pur poses, by
i nclusion of, so unctions, wi.thin.the lLaser driver receiver circuitry
(For "exanpl ¢’ some™iatares o atiifider indiree BBRpeReta R the ol fk s the

transceiver’s performance at a known deviation from ideal operating conditions,

generally by scaling the control signals used to drive the transceiver’s active

20 components.
. 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 are implemented in most transceivers,

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



driver circuit) or wwth the use of a commercial mcro-controller integrated
circuit. 5 However, to date there have not been any transceivers that
provi de awonefesn device architecture that will support ZCl/usbeirece
functions, as well as additional functions not |isted here, in a cost
effective manner. It is the rpose of. the esent invention tQ_] 1 de a
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Opt i cal SUb%%%&ﬁBﬁ (TCSA), 3 and a laser driver integrated circuit 5. The
TOSA contai ns a nmechanical fiber receptacle as well as a | aser diode or

LED. 25 The | aserridri vigfwsa schidinativtdpreseiripticiabl the Reseutidldebres of ¥ gypadad DC
bias current to the Ilaser. The signal inputs for the AC driver are
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is connected to outside circuitry via the RX+ and RX- pins 17. The postamp circuit
20 also often provides a digital output signal known as Signal Detect or Loss of Signal
indicating the presence or absence of suitably strong optical input. The Signal Detect
output is provided as an output on pin 18. The transmit 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



therm stors 6, 8 1In addition to the nost basic functions descri bed above,
sone transceiver 5 platform standards involve additional functionality.
Exanpl es WD ogho3so@re the TX disable 13 and TX fault 14 pipa3/ueyexnebed in
the GBI C standard. In the GBIC standard, the TX di sabl e pin allows the

transmtter to.b ut .of f. b the ost e TX fault pinis
an i ndi cat or’*¢g" %@PCH%R‘/ %ﬁ‘g h‘f’ femgrdi,\{'gx N TU(S atggicg‘fqllhﬁr in the
| aser or as %Gélﬁfal@éilehﬁl%%ﬁglﬁjfﬁe\{ﬁé on;EtEHM temb@raﬁﬁ@' kédsBfvele@erhBi$sRfas ¢ 10
description, the GBIC standard i ncludes a series of timng diagrans

descri bi ng hbevmisthess® 8control s function and int eract wi th each other to

i npl enment reset tjons _and t her, actions. . of this functionality
is aimed at prevg[ﬁtald HloRda s mestt s1g Ajmctiops,desce @c\X/ﬁ’eﬁ‘?H};‘P FaBSFRVLondi ti ons

exi sts insthg.d &ﬁ{asrtar?dah“fs‘iﬁ/olvg DESBohH Ml dhBR; tgagé leQBFﬂﬁ%Q%éTHCO the

| aser dri ver circuit I'n an opti ona ona Integrated 15
circuit 11. drsabdd 1yandmfﬁiﬂtd:4§hﬁmldmﬂ>eahrsmemﬁm sta&iatd]eInEEPBBMHO to store
st andardi zed serial |ID informati be read out via seri al

interface (d®3daEltheEX disahls R”Paéﬂg‘é? Fhéltfaiﬂﬁflg?ef ile gyt pfvf@YAMSt Agviae0 A
fam l'y of EEQR(MQ ﬁ@@'ﬁaaiﬁﬁn C@'&ghﬁ&fo% @k ha?tfde%g o%éorﬁé‘ﬁau‘i’@ctoﬁgﬁ@n' I ne.
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within the
consisting of a clock 15 and data 16 line.

As an alternative to mechanical fiber receptacles, some prior art transceivers
20 use fiber optic pigtails which are standard, male fiber optic connectors.
Similar principles clearly apply to fiber optic transmitters or receivers that only

implement half of the full transceiver functions.

SUMMARY OF THE INVENTION
25 The present invention is preferably implemented as a single-chip integrated
circuit, sometimes called a controller, for controlling a transceiver having a laser
transmitter and a photodiode receiver. The controller includes memory for storing
information related to the transceiver, and analog to digital conversion circuitry for
receiving 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



Control circuitry in the controller controls the operation of the |aser
transmtter in accordance with one or nore values stored in the nenory. A
serial irnwerkaecssots 5 provided to enable a host devi ce toPCgab0t/63206 and
wite to locations within the nmenory. A plurality of the control functions
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l ogic of the_control.ler mav optionally inelude |ogi.c for conparing the
digital pome?orfeépl%l}dl%mglogv‘( F%p%e%gfg%é‘)rénf ?N.ltgl_?n, t%\?SP?tg%lge)r' level Timt value,
generating a fl agmventerinskiletd tH@nEOIRFHES Indlhdéshecdndhtdl ci@vwer 20
| evel signal with the power level limt value, and storing a power |evel

flag val de i gengratipgaduné nade povgspondingio qumagativeeperasion iimewirihe wenseeive y. | t
is noted that,the power s I ol.ta ens neasures the transceiver
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recei ved optical R @A& embdHiSenE R RALLNRHEhdMACIGON S I & ufply VoRige
includes a tenperature sensor that 25 generates a tenperature signal

cor r espondi ngenser thatt gsnprateataposveptevehegnal gersesponding td mpoweresipplyvbbdgaent s
the anal og t igital conversiaon circuitry is configured.to convert the
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level limit value, 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 in a
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 temperature 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,



the menory. In sone enbodinents the controller further includes "nmargining"
circuitry for adjusting one or nore control signals generated by the
control cWP®I063890 i n accordance 5 with an adjustnent val ®e€T4iS02/63t26 n t he
menory. BRI EF DESCRI PTI ON OF THE DRAW NGS Addi ti onal objects and features

of the invention will, be re readily a rent. fromthe foll ow ng. detailed
descri pti on ARG RIHISCH B EIUF FEENALH 17 AREe PSRBT R ARE Fals HIpiRG
drawi ngs, inpuhidekbryFig. 1 is a block diagramof a prior art optoelectronic

transceiver. Fig. 2°1s a block diagram of an optoelectronic transceiver in
accordance with nenpresedimenty tretdontrolldFifgrthed indudesbiracginoigd grantrp for

nmodul es withipn the controller OE the optoel ectronic 5. transcei ver of Fig.
2. DETAI LED $H45ERESRF BNTOES @@Weﬁ%ﬁﬁ 9OT0A FECHITY B} ALBtSaBEs ed on
the present | J i Wy d 3. The transceiver 100
cont ai ns g Rgig}é?@%&#ﬁ%&glﬁ%g%laﬁtggégslglﬁ%ls?e‘%o A) 102 and 20 Transm tter

Optical Subassenbly (TOSA) 103 along with associ ated post-anplifier 104
and | aser driver 105 int egrat ed circuits that comrunicate the high speed

electrical signals to t hEREEY SERCRIBTICN QR THE RRAYNING owever, al | ot her
e to . g : ; al
Ut earated i rcut SOGBELERAR IREBPAL MR U blindte BB BRERR .

handl es al | frowy iBpRADwinnteinilaiddsaiigion ahll apperded dlaiis @hen Tkess | ncl ude t he

standardi zed pin functions such as Loss of Signal (LOS) 111, Transmtter
Faul t | ndf ca¢qngctimx wiHRUhayiraygngsa igwhish: Transnitter Disable Input (TXD S)

13. The controlleg | C. . d i i 121, also called
the nmenory int e??%b gl Sl%%lro Qgg%ggﬁ\ﬁ%%%oa?@&ﬁ%%%‘g%ﬁ%%%{%?%%%‘ in the
control l er. Menoryig3?idaplodiablagtniloef ah oploddéfirofic th@lsedverdh @ccdidBxemmthar y
menory map for one enbodi nent of a transceiver controller, as inplenented
in one enmbodibgPrseRfinyHBIoOBr esent 6 WO 02/ 063800 PCT/ US02/ 03226 i nventi on.
|t i noted that MoTDLy, MR ABLESofmafue il dhe bl i plRISRGNE NG 2

menory map of val u€s™ and con atures descri cumen al so
show a 15 transceiver of Fig. 2.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
A transceiver 100 based on the present invention is shown in Figs. 2 and 3.
The transceiver 100 contains a Receiver Optical Subassembly (ROSA) 102 and

20 Transmitter Optical Subassembly (TOSA) 103 along with associated post-amplifier
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
controller 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



nunber of paraneters and control nechanisns that are outside the scope of
this docunent and thus are not part of the present invention. 5 The
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witien by | ogbeoft KAL) B cBICPh Rl LSSl el ofhi AT Sk, 133

An exanpl e of “a RHENDIY I’0n No evi c

effectiveby widds apo6 Bysrehdlﬁg prédpiefmined hﬁmdry 1dcaﬁbﬁst<ﬁrth@§anfé ikolkdile | N
this case the accunulated tine value in the register is readable via the

serial i nt erpameryldevicep20,i 1§’~13b23A/rTh1$ @thbﬁu@isrc@uﬁlsﬁem wih Phléertﬂl}’di,eﬁn@d rcuit
132. 7 WO 02/.0 CT/.US02/ 032 l.n ad the.result r.e ter of
the ol ok 1SaCED phetiorliy St A Rsesilerd Sleld £y Birk dfid SRPgfocTig Gt

i npl enent ed @RSeddEdlit$dRkiSicatiod 4 daﬁﬂﬂﬁtnyatepét&ﬂ%H tin BEPROM.

It is noted here that some of the memory locations in the memory devices 120,

20 122,128 are dual ported, or even triple ported in some instances. That is, while these
memory mapped locations can be read and in some cases written 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) written 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 register is readable via the serial interface 121, but is

30 written by circuitry in the clock circuit 132.



respective sub-circuits of the controller. For instance, the margining
val ues used to control the operation of |ogic 134 maybe stored in

regi st er swore2oe3snear | ogic 134 5 instead of being stored WCTHISO2/02p0r Yy
device 128. In another exanple, neasurement values generated by the ADC

127 may be store regi sters. -The.nmenory interjac 121 is configured to
enabl e t he menor 3[“1 #3@&8 &g @Slg{:{:e&sger”gg% %?ékt H.;s BE’FE@GE’P@F@ 2PRMenever the
nmenory int erfoé&tf‘on%%ﬁie\é%ﬁtré‘llé‘rqﬁm% erﬁ&ﬁ&?% ﬁe@ﬁte@'@&ﬁh@fn%ﬁé} E%&t e
correspondi ng predefined nenory ‘mapped | ocation. In such enbodi

"l ocati ons 1f@spéctiie sult-biecumts mib the' cantrollo:rdéTomtanye rth@pmcglmagNSMQSuseﬂho oughout
rrent the . tinme value in result

the controller In an alter e

regi ster of ool fhgoperagign of glt‘alf‘gb %BtPFf‘é‘s‘Bé?ﬁi?tﬁrﬁ 1P g1 pgPK dogis i@‘l val ue,

periodi cakl y;s{04 sﬁbéngg GofBRRiYn rﬁém%é'deaﬁmi@ mgmmém p;;h@%néa@u mept N S
e per o) e

may be done once per nute, or on our evi ce operation nthis
al ternate enpadaésrgentratediy the A &2 Timay dastobyd intregidibrsh S rmlﬁmrszentwf@ce
interface 121 is the last tine value stored into the nenpry 128, as
opposed to t ke isgppiagired t%@abwb%meﬁl%@t?ré@em ageses el pl @ﬁsqn@@sw-%ck 132.

As shown in @h%%ge gﬁ}?e ﬁ@rf&c%’}%e%és%rcoh%a]ﬁh‘)coQ@éesg NRE!HQRE af Bet NE

| aser driver se conne ions serve nmultiple

functi ons. a'd”rfbsp@milﬁg);bﬂe&déﬁﬂe@ Iﬁlﬁﬁo@ mapped pdatibd. yInsuchebodimestst Gosatibas. | n
t he pref erred 20 enbodinent the D/A converters are inplenmented as current
sour ces, 1But withindhememogyrhaaiude mesnarnaapped xegistess thepughaplhthe sontrglicenent ed

using ol tage souCasy Ak Libodn HMSln SRR IRRL S N DA RBYREL oT o oy

be i npl ement ed using roneters. i ment,

the out put sizpat & valhe tb@edPoAdiBg MY Bat B vaﬁlfe&slp‘éﬁddlbﬂl}cﬂmﬂﬁﬂaﬁﬁmory
paranmeters of the laser driver circuit 105. In one enbodi ment, 25 outputs
of the D/ A closstion witk theagermew 1284 2o thif Pegtbeylons ARGedIEr IHBUE LS @ONC HRRS

(constant  bi SRrgaPababdaio oLt ABrRur BinoRiht ot TebbRet B Bee o

convertens lRskt aévitdreiaGaethed 12ris IhklastGing vadhe dtbRdligsahe @fem@iogemg@s out put
power of the |aser driver 105 in addition to the AC nodul ation | evel

(constant poerroseshierthe pmgnt tizee vahugingheresnlt eagiserddhaelaek 13%e control | er
110, el s e gD ST ST B2l G PRI SRRSO
![ ZE: ZTSTE ngd drivdr 165 GRMdceiveEonPdhehRl QWS doRBedtRRs 8érve RIRGSIS EcBonO0Kkup
The controller IC has a multiplicity of D/A converters 123. In the preferred
20 embodiment the D/A converters are implemented as current sources, but in other
embodiments the D/A converters may be implemented using voltage sources, and in
yet other embodiments the D/A converters may be implemented using digital
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



that are used to assign values to the control outputs as a function of the
tenperature neasured by a tenperature sensor 125 within the controller IC
110. I n aWwDeetedse0 enbodi ments, the controller 110 may us@CD/UAZErt ers
wi th voltage source outputs 5 or nay even repl ace one or rmre of the DA

t 123 t ta t t t ti
of "the | aser Tappened pete tpntadli B0 HRTBREES uipCimphGturt ok BES 32 of or <
to a system iheqs ubdietol Asieh ylilky@ind Ohlot oiRRIAlaBhion RN EABEHG. acCeP!

inputs fromthe control 110, it is possible to use the cont
110 with rranlyleaﬁtum]rby asamperhtumesensbmzi withonthe obntrdiker £C d 16.phit alternate
characteristic

10 I n_addition t enpe ure de endent anal og out put
controls, th@nﬁ?ﬁdWB‘isi@FcP@ml%éﬁ@@aé(dﬂé? @Z%&Omrw SRRV PHi4E Sexlrgg? opiplts
tenperat uge H}g @Jkgﬁ@]% &%m%f%tD/N%Mﬁel?QQBWth% Pdg These

ut o

t enper at ur ein out puts serve nunerous unct i ons; ne

particul arl ypmtamtmneaénsm@canﬂﬂ itiadhiatioteristiéssofahd laser M@us(bfrre{mshd\m dshbe
settings of the_laser drjver 105 or postanp 104 in order to conpensate for
process 15 i AiGeByt whke dig éﬁgferwtwsfemw%ﬁ@ﬁlgﬁqrégveﬁlot%g@c olltes. One

exanmpl e of tﬁés%gn%h%ﬁcce Ein) @\Dulﬁgﬁﬁ @gtc]pﬁ‘e%lgg 1(1)6 le(ta osﬁ?ﬁé'tg Ghe ﬁgégﬁ%le}géval e

Normal |y suc par anet I xe to a desire

t hrough the usewah n@an?@ﬁhdr%bﬁd@\l‘er IC$ tdxfoh&m thtauromq)uoumaradmmmwr t hat
normal process variations associated with the fabrication of the postanp
i nt egrat 48 ci r cui i adyitiqnyg P yAgEsdepspdent @la%lp&@iﬂ@wscqnﬁdsn@ercegtmliqrﬁg 20

ana 0g_ out poy BF <FHEbAERi P Ev iR S Moo fordthd AR RER nd MERRN A 3

converter 12@lué)smugbututs. dMljdis tenGferat@Riedspabdent b@tpmstspm: naleR@isS et tl ng at
manuf acturin etup time on_a Elart b%/ part basis. In addition to the
connecti on fg@ﬁil@%eb’éWrR?ﬁlC@iaf guierrs m&@latrhcaﬁdqm/@ras adme aﬂ]“@'fmezlt tpgthghows a

nunber of copnect.i th ser V. troI | C 110,
as well as glt%gsé)gn%eolﬁéeerc |orﬁ1565?r %h‘é’ @&%\ %ﬂ &8 pfgééf%?o t he
control | @5 | fadudellOvarikhiesLindh&clanat&ihtioPaf thesd db@wfe@n(»ﬁ%xaﬂ;ﬂebhﬂﬁs fnlixeht

controller IC 110 uses to pI’OVI de di agnostic feedback to the host device

via nenory nbepieduinavi thewrepgizer postmpol Ade rNcpr@allyﬁ@ch;@mrpmpt]eéwou]@ 110 in
(e Pret ett g FIRPALSIL 05200 AU PALER gl O 03 QBB Roglhe ! 0
Ig(é%? 'U\ég r2/ ggrzfzﬁ!ghé dut; hoWRRE tRAAbAAIPr&R8d SarditiBns SRPARE Wth&he ShbMExtiba (163800
the postamp integrated circuit 104 induce undesirable variations in the resulting
20 output swing with a fixed set resistor. Using the present invention, an analog output
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 controller 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



mul ti pl exer 124 and converted using an analog to digital converter (ADC)
127. The ADC 127 has 12 bit resolution in the preferred enbodi nent,

al t hough wD@2%638)@ h ot her resolution | evels nmay be used PATAIShZ03226

enbodi ments. The converted values are stored in predefined nmenory

| ocations, for insta in the djagnostic,val ue .and f| 0 devi ce
125 shown' | oplExs! | Zbend o e BRI R L BB e iy
reads. Theseawel 14692319 thdkidMdded tE@pl%?e’i’f&fé%?oo'dHhérﬁ, e(l&féﬁ@q AB Widnvol ts or
mcrowatts) as part of a factory calibration procedure. The digitized

quantities sttheradsdlutiorelevely mmmppaded wodbérendodimditn Tireconverd Gllhasrard C
i ncl ude, but arg not |lpmted to, the I%ser bi as. current, transmtted | aser

10 power, antiofdiepredaiinggmemerydocations farngionetia thndipgrastiodayeeBiilas in the
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bias current TIs enoted as paraneter B;,,, e neasured transmtted | aser
power is denetdd EHesdyalues aadaliirired restsndaed utiiec@uoheds mibkvarltsios ndeootatts) as R
The nenory map tables indicate the nenory |ocations where, in an exenplary
i npl enent at | FrharkHadactRpaliPedioparaseditgr - 15 stored, and al so show where

the correspondi ngpld @g{tg\é&‘l&g iztie% L3 "i?kﬂﬁqrﬁx@b&p‘é@iﬁch@&{s diitkﬁlig%al ues

(e.g., for indicating arity o are store shown in

Fig. 3, the amnolled ICeihchde, bunateude linfited 6, ttAY RSP oinsat) sansndidéd lasén anal og
vol tage | evel signal generated by this sensor is converted to a digital

vol t age IBvepovesrgang regsivedirovpasipasugeddytthe phptgiiode detestonigdhe BOSA si gnal

is stored in r ) e odi , ALD ] t mux
14 and aoc 17 SR mlerhes spaelaPpf (0 ST AR SR R P Bttt Y
peri odi cal | ydgodes pataietdr)), iy echsufddgnabiitiadtisedpowebh den@abdsse, ,and t o
store those digital values in nenory 128. Furthernore, as the digital

val ues are ¢daaraswed recaivedapyer s depried aoRn d§¢ mempzy map taties indigetedhs er

conpares the &md lggaﬁiotng mﬁi&?eg%&12%}96{#2%tirg%%%e%%%i&ﬁhﬁﬁéeei rﬁ%&speﬁ%aﬁ%g i are

preferably stored T n menor actory, S evice may

overw it @5t hggoRt idnadd shobr WBkra ERMDrickpondinsalte Saves, Map&ides, ihE val ues.
Each nonitored signal is automatically conpared with both a lower limt

and upper | i¢Anfiguagipnealueeéa.t fonindienting hegeaiaititof e st o storedi t 1 ag
values Lhal e L e o et 8 00 RIS kel USRI e
or- lower | i M\h.andlBevE6RAdeaERD BB ehbited Hahid@ehdR iddnfetedt aRligittd! ue that
wi |l never cause the corresponding flag to be set. 10
voltage level signal by the ADC 127, and the digital voltage level signal is stored in
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 memory 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 cause the corresponding flag to be set.

10



WO 02/ 063800 PCT/ US02/03226 The Ilimt flags are also sonetines call alarm
and warning flags. The host device (or end user) can nonitor these flags to
det er m newateebaspo condi tions exist that are |ikely to haPeTasuyeit2a
transceiver link to fail (alarmflags) or whether conditions exist which

redict that a fajlure.is likely to occur sopn. anpl.es .of ch conditions
B aht be-a & ascPefi e pbsh a6l AR ATY 3 PR Sogh; L HSt
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bias current in a constant power node ich exceeds its nom nal val ue by
nmor e t han 50 likkliy¢h hawe causédalirasteiver lofk ta faill fdam Bagh) of whether emddions on.

Thus, the automati.cally. generated Jimif flags are yseful ecause_t.he
provi de a siFpiteVp etis? fhagia oty h?ﬁ‘{%tﬁé’c HReRe I?@FIL’J%HEWC ﬁamhflg?n%ased
10 on inter 1L m : I ref L&) i j.: faul t
control aﬁdqﬁgglgé%?érsgﬁﬁnﬁgEil%r%eq\{g\}gl caiﬁsf&%%tg Zg{ohe al alfgn;mém ng\g?%? ng fl ags,
al ong wi t h tihené¢diite faikire bOhe (ttaasnitet osipgt)ak  lasapbits ancbnt Faatdnstamp pdwer

signals, to produce_a binary Transceiver fault (TxFault). signal that is
coupl ed to tRedhwhichisxeesds i Bomaivd velng &Y mre thepa0PasThich i andedipyion favi ce.
The host 15 i 4 F Qgr i I j and to
respond to zalg&\fggg"g?ﬁ@%g&é& @ﬁeﬂq}ﬂﬁ%@%ﬁ gﬁ%ﬂ%@%ﬁ%@#%ﬁ%@qﬁ%l ng all
t he al ar m arstcaasenhdgprotlde@simpletpass-failaiesBRinw@r the &ansoeiver Adclidieility based
correspondi ng nonitored signals, so as to determ ne the cause of the alarm
or warni 9. orhiatgraall stersAdinyt valws. | ogic circuit 133 furthermore conveys a

| oss of signal 2 i l. } . AVZCY A of I oA 1| I SO 4 A,
Fa. 2) tothe hob Pierd chBuin sl Cond bl Mot BREh D IEEN ORI o
| ogi ¢ ci rcuithe 4B@miagdtvarfling ks aldng voilethatihternadl OSHEst bAsighAlf inptt AnBOSA,
Fig. 2) when needed to ensure eye saf e%é. There is a standards defined

i nteracti on Fradidepw signals tapredege  bigaryabenscaivey@plt4hylaulig sipral thptdabl e

out put, which is .i.npl erented by t ul s I | ogi ¢ cCi it, 133. 25
When t he Iog?oélpiﬁdrtggtimfeh%ggﬁggatcé’catng e%&%?“%%? %\gr)%ﬁ%@gtto ﬁ}iﬁgﬁ? P(?eé’gcue | tfhfélrfllogtn eye
saf ety hagar gbviceldaft bedssrafifed @5 nionite &Ix®dulbYigasl! inteloirbgohlie dx Di sabl e
signal of the controller. The host device can reset this condition by
sendi ng a cossetidn of gealxkanltsigaal bixaitenplicadigeadingalbihe alvemrnd tvarpngr f ace.
Yet anot her unctiton of t.he faulli cont r ol ang. | o ict cl r(:uit1 133 j&?s to
deternine 30288 MEFASPEY L85 VIS a5 HiS SPgspem lﬂi‘tgﬁlg?mﬂe&r?é@? $ R 8¢ Cr dance
with a set odci&afthd MercahidedT thd A1AGS oBlvak@sk. i N menory 128. For instance, the
Loss of Signal (LOS) output of circuit

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

20 (LOS) signal received from the receiver circuit (ROSA, Fig. 2) to the host interface.
Another function of the fault control and logic circuit 133 is to disable the
operation of the transmitter (TOSA, Fig. 2) when needed to 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
TxDisableCmd 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



11 WO 02/ 063800 PCT/ US02/03226 133 may be either a logic |low or |ogic high
signal, as determned by a corresponding configuration flag stored in
menory 1280 0Q068800 confi guration flags (see Table 4) store@Crrusomomey 128
are used to determ ne the pol arity of each of the warni ng and alarmfl ags..
Yet other configurati ues or,.e 128 gre used to

det er mi ne t he3d %}11?%%18’&56&?%8 BY 8“’ ﬁl@?a '?FB‘T‘RFQ Y NP TSRS t he

moni t or ed a%hﬁguéh&@ﬂhgsﬂo?é&n%&h&@'lzgm ues. In an alternate enbodinent,
another input to the controller 102; at the host interface, is a rate

sel ecti on si gnal .Othar éadigutatiohdlaga{see Yeblect) lsmmcbngm@iloﬂySIZBmpmmseﬁmol ogi c
133. This host generated sigpal | d typi caII be a dj glt nal .that
specifies t ef@lléex%é@?g‘ﬁl%‘é‘?e&@\é\?ﬁwﬂar@&ﬁé‘ngé 8 flags e § opHguiatieR; ver
(RCSA 1023 r % val ues,
repr esentl ng g e S{b%&?ﬂﬁclﬁem tagra?t% ggseaef gg%hﬁﬁfﬁlg@%ygﬂéﬁgkg%%ﬁe s). The
controller r]@gpm}mhs:omemhg ehddi & thehwaitored aﬂhlggaignbly intgeigtadvalngs. cont r ol
signals to set the anal og receiver circuitry to_a bandw dth correspondl ng

to the val ue speclnfaﬂéérewtq%quam@nts@%lﬁrﬂw%@ tjﬁ&loﬂtfqléff\kﬁﬁi g theylost
combi nat i on gife{% ég sfé DS ARRNG C%q‘d{‘%' g% fh§ {ng (fig)nbsggntg i\jsilgé}gftfid’g?(g

enbodi nent o ranscel ver roll 0 “One

skilled in t1s3. amis hddogéneratehd viichisl wvtul@typmlly ble i gt bilgBalahsspsdtienthet hese
functions would al so be of great wuse. Simlarly, the present invention is
al so appl? capecteddatp zs of é@te taberrgeived by therrsceive tBOSKHuEI2) s Fapkiseaee| y

appt i cabl e Q. L20aCSloft e FhRhhYe tid (SIRUS B RYTLES O, Aol R0 the

controller O esen Inv ron 1s sul or “a Ion O

mul ti channel(e.g0/%3 GBJ/S dnldnk®s GBR). Weh o B80Rstals WSh2r&3 38160‘[10-5%51 by MEMORY
MAP FOR TRANSCElI VER CONTROLLER ~Menory Nanme of Location Function Location
5 (Array 0) Sobratingrentr@senpitte sattihe anpdegpiegeibergateuitey to sdundwidsh or e requi r ed

GBI C data 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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60h Tenperature MSB This byte contains the MSB of the 15-bit 2's
conpl enent tenperature output fromthe tenperature sensor. 61h Tenperature
LSB Thi s Wwotoe/06isni ai ns the LSB of the 15-bit 2's conpl emead/usenys2eat ur e
output fromthe tenperature sensor. (LSBis Ob). 62h - 63h Vic Val ue These
bytes contain the MSB (62h) and the legABlgg?ih) of the measured V., (15-bit
nunber, with a Gb LShit) 10 64h - 65h B I'ue These bytes contain the NMSB
(64h) and the LSB (63@pMbRYNIAPERERIRTRANSCEIVERSONPROSLER rent)  (15-bit
nunber, with_a Qb LSbit) 66h - 67h P:. . Value These bytes contain the MSB
(66h) and t heMefbBry ( 67 Namefof Lheatiomasur|@nBtion (transmtted | aser powgr)
(15-bit nunmbergcatibi h Qo LShit) 68h - 69h R n Val ue These bytes contgin
t he VBB (68h)(Aangy o)he|LSB (69h) of the nmeasured R1, (recel ved power) |(15-
bit nunber, n b AN - © D atey This
Oy 500 caf Taa Be G SEER L CBTAFBI o | ot he

byte shows tlhe 1 ogicall value of the 1]
user to veripy—f—an—fpdate—fromthe hﬂc occHredto fho 5 \.A@J—ueé.
tenperature,|60F =, BlemperppreiM$fhd R| Thisdyiesentaips theddSE pEthpya-ites odh.
Once a conversion is ¢onplete for a gi|wemplgmeyfdemperafungiontpy figm dRange tlo
“1'. 70h - 73h Al arm Fl ags These bit s |riefpeeatpres¢nsorst ate of the al arns jas a
conversi on upsiat es. Hij gbmpdradr@ ISRt S arerhistbytd Jontaf@ theargpest tvalsugt IS gr gat er
t han corresgondi ng high limt. Low allabfpleht® t@hgratdre obtbuiCav@et ed Val ue
is I ess than corresponding low |imt. |temperature sensor.
(LSB is 0b).

62h - 63h V. Value These bytes contain the MSB (62h) and the LSB
(63h) of the measured V,
(15-bit number, with a Ob 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 - 6%h R;, Value These bytes contain the MSB (68h) and the LSB
(69h) of the measured R;, (received power) (15-
bit number, with a 0b LSbit)

x

O

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,
Vo Bin Py 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



O herw se,

i f

bits are Ob. 74h -
state of the warnings as a

warning bits are "1

i f converted

77h Warni ng Flags These bits reflect the
conver si on updat es.
convewbDad/ogasbue i s greater than correspondi ng 20 hi ghPCITAiSD2/03206v
value is |l ess than correspondi ng | ow

H gh warning bits are

“q

limt. O hgewtse—bHs—are—b—F3h—FHAh—Reserved—Reserved—i3—¥A0
02/ 063800 PQEemeDy 03pdamegl kprafioRane |Jfunedemlt i on Function Location (JArray
0) 7Bh - 7Eh Imeatigior d| Ent r y Bytes The |[four bytes are used for password
entry. The |FAEr®We B8 (7Bh) entered password will deternine the user'ls
MSByt e read/|vaBH-7Ehr i Y Pheges.EnRV\ByRByt @ The folhytes fre VB fByiiasswhbrd otily) ThEVE
Byte O (7Eh)| LSByte YFwEBytay (FBH)ect |\Bhictddpgsstvord hillsieteythite detuedrmdi nes (whi ch
of the uppgr pages ofMBBW Y i S sel eﬁ tred/ @t prigiggesng 10 and witing.; Oxh
(Array x Sellected) WheweE Byte2dicg, 3, 4 or 5 15 80h-FFh Reserved / naqt
currentlysinpl ement ed| piWeEmeyty 1 av of |Location Function of Location
Location (Array 1) 20p8@heyte GiEHpat a [EEPROM Menory Name of Location
Function of jLocation |kggation
7Fh Array Select Writing 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 80h-FFh Reserved / not currently implemented
Memory Name of Location Function 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 - 8%h 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 Alarm R,).
AOh-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, P,.,
9Ah - 9Bh B,, Low Alarm R,).
A2h - A3h P, Low Alarm
R, Low Alarm

14



(Array 2) 25 80h -

Locati on

81h Tenperature H gh The val ue

FFh Data EEPROM Menory Nane of Location Function of
Location (Array 3) 30 80h -

written twotoRioesshocati on serves as the 88h - 89h Al arm hipgh/Gs0203R4 | mit .

Data format is the sane as the 90h - 91h V,r High Al arm correspondi ng
val ue (terrp"umuu e—Y—¢ ; 98+ 9B E:Jh /—\lu.mR, AGh -
Al'h Pin H gH YFEPH R HaﬂeQﬁLNagPPn 35 @2‘1‘?““”8@}{1"?@3%@ ature Low The vdl ue
witten to t|Hi%*¥cat|on serves as thg 8Ah - 8Bh Alarmlow al arm |imilt.
Data format |i{4"¥)sape as the 92h - |93h V. Low Al arm correspondi ng Mal ue
(t enper at ur g,84¥¢ 851Bi n| Ténp HighOMdnming 9Bl TBE valhowriftratonthiRiondtionA2es-as Azh H;
Low Al arm R.8(hewDAl af M, High/Wafihzd 20 63 8 () GidAGTdrhibg BmB3 D2fa folidanidte shiages of
Locati on Funcuhessinf |BgalighONamaeat i on thd diegyondhg Sdte ¢enfiiuntenp,, B gh
Vr ni ng The (walhueDw i { PeHighOVirhing | 0c3te, oR,)serves as the 8Ch - 8Dh V|,
Hi gh War n§ nd Adnghasnar PR Eligh WhrningDat a [format is the same as 94h - 95H Bm
H gh Var ni ng I Te 0T T €50 ue oCh DhPin
Hi gh Var ni ng =8 ﬁ{? u aﬁﬁew LY&S lﬁl ﬁalm?\r%’%fyo\{ g chfﬁj e the tjure
Low The val Le96w b n% ?ﬁ@. I ocat e (B ov gaﬁgm ?ﬁ 1= . ﬁ\,"{‘%r ning | ow
warni ng |imit sans r)rﬁgzﬁ) ) énq_oa\‘;'v1 %Fﬁl frg tlhe
correspo%ji rgf]:éz é Vcc, B 9Eh - 9Fh B;,, Low Warning Pin,
R U). armng :
' Ry Low Warning
A8h - AFh, | D,, control 0-8 Individual bit locations are defined in Table 4.
C5h F,, control 0-8
BOh-B7h, | L., control 0-8
15 C6h
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
C4dh L, Delay
C8h - C%h 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/D Scale
CEh-CFh | R, -A/D Scale
DOh Chip Address Selects chip address when external pin ASEL is
low.
D1h Margin #2 Finisar Selective Percentage (FSP) for D/A #2
D2h Margin #1 Finisar Selective Percentage (FSP) for D/A #1
30 D3h - D6h PW1 Byte 3 (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 LSB
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 | B, Fast Trip These bytes define the fast trip comparison over
temperature.
EOh - E3h P,, Fast Trip These bytes define the fast trip comparison over

temperature.
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10 A6h - A7h Pin Low WAarning R;u Low Warning A8h - AFh,
| ocations are defined in Table 4.
0_

| ndi vi dual bit
B7h, LowWD o2o6spol

8 15 Coh B 81i

Dout control
C5h Faut control

BFh,

0-8

0-8 BOh
C7’h COn Res@ecvasoRered ved C h

Prescal e Sel ects I\/CLK di vi sor for X—del ay CLKS. 20 CZh Dout Del ay Sel ects
nunber of prcoual e—cl-pc —oeut F Ghh—-eut—bel &y S5 E9h—i6
A/D Scal e 16 HEmersy ?%aﬁlea?éﬁﬂ%ﬁ‘%nt T Rumetios esntt g &/ D A - o JBi n -
A/D Scale c tp%n Val ues. 25 CCh Cbh P;,,-A/D Scale CEh - CFh R|u -
A/ D Scal e AP Addr ess Selects chilp address when external pin ASEL is
low. Dl h rgdn B7B Fi| B, Fast TSe| ect i ve |PHreschtadelifeREPstitop cddhphrisd ovER2 h
Margi n #1 Fi|ni sar Sel ¢ctive Percent agd t(arﬁﬁl?atmfeor DA #1 30 D3h - D6h AW
Byte 3 (D3h)[H&HE TourrL@é used T%oc eq)ltg. s%ﬁﬁéﬁ1nT%??4 The entered
password wi || determ %V %‘?ES"%MSM By t e h custoner’s read/jwite
privileges. PA—Byte—3 RPA—BytHe—0—(DB6h) 35 LSB BH—Br-A—GCenrt+4
This byte det®i nes nRe%eH@dD/A out Dut sRe§?}L‘i?4:e or sink current., and ift
allows for theAlouERt § ItenallSeatsBabed. |DBivation[oftheits kakfinelirin fabliése byties
define the fBEE, TTTP GQOPREESPD OVEl | (CIlRGunb Mebits 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
10 | Memory Name of Location Function of Location
Location
(Array 4)
00h - FFh D/A Current vs. Temp #1
(User-Defnied Look-up Array #1)
15 Memory Name of Location Function of Location
Location
(Array 5)
00h - FFh D/A Current vs. Temp #2
(User-Defined Look-up Array #2)
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ECh - E3h Pi. Fast Trip These bytes define the fast trip conparison over
tenperature. 15 WD 02/063800 PCT/ US02/ 03226 Menory Nanme of Location
Functi on Wb 0206306 on Location (Array 3) E4h - E7h R Fas®PCTrisSp2/lzece byt es
define the fast trip conparison over tenperature. E8h Confi gur ation

Rocorved Ean TRBGH 2 R/ e ISTaRe Ry TP S VSRR R R B e |

Table 4 5 Feh—Hp-States—i—tocat+on—of—the—bits—s—deHned—+n—Fable—4 EDh
- EEh D/ A Ot Bxighi Bifdel of t ®enperat ure conpensBewHPEPR outputs  EFh
Tenper ature IGD@[@MeAdd:ﬂﬁ@&lml Qilératédl GHiedakaook- up Arrays FCh - FFh Resérved
Reserved 30 [VeqpOTy DMl Pl Pa‘ﬁﬁé Mﬁis FUng éZ{rh sQ:To bR e er%éhﬁo%%a'uﬂ@ | ray
4) 00h - FFh @6@ rrenlt ﬂt Tenmp # Tgh :p g%lltl_oo ray 15
Menor Name {o o,at i on FUﬂCt i on of LOC FFh
I:)/A Qer rent VS~ wn -H-’) / l lcar r\af ; nnrl B%gsﬁ&lllr??e rr '3\1 EM&%L}%%}Q%I 06’ 800
PCT/ US02/ 0342697 T S\Bl‘f‘@ 2| Terperaiyre LRBORFImpteson itk offeeperay o ootRfie) AND
STATUS BI TS| B e| Bialll NawgM3Bscr i pt i on| Internally measured supply voltage in
transceiver. Actual voltage is full 16 bit value *
100 uVolt.
10 99 All | V. LSB (Yields range of 0 - 6.55V)
100 All | TX Bias MSB Measured TX Bias Current in mA Bias current
is full 16 bit value *(1/256) mA.
101 All | TX Bias LSB (Full range of 0 - 256 mA possible with 4 uA
resolution)
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 uW
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* future 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 1 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 Valid 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



Converted anal og values. Calibrated 16 bit data. 5 96 Al Tenperature NSB
Signed 2's conplenent integer tenperature (-40 (60h) to +125C) Based on

i nt ernal wWorpesxsbur e neasurenent 97 Al Tenperature LSB PBcagisomo®be part of
tenperature (count/256) 98 Al V,,, MSB Internally nmeasured supply voltage
i n transcei yer—Agtdat—ypottage+s—HuH16bit—vatue—306—uver+—36—954Al |
V,,, LSB (YilePHte Jafife bf 0 -Ngmesy) 100 All TX Bi DesqBHReasured TX Hi as
Current in mAlBi a$ clrr pBX BiassA/DUVdlid16| bidicatea Al val{elih Fyfes 108X101108 Yald | |TX

B as_LSB (FUTT (TaRGE; O | F 2R, REP SRR T Al By TBR AT AT T 102
Al TX Power| MSB Measur g, X out put poyer in mv put IS fu

val ue *(1/ Zd W SB—HtH+ ra.. FAAS pass: bl e
with 0.5 resbl it idn - 33%% +4/§) Jgﬁicatfﬁ) ?UWWPI% s kRS urled RX
i nput power |i WPid s 20 fulll16 bit value *(1/16384) mW 109 Al
RX Power LSB (Ful | rangpRefr®d- 4 nW ppasiicatee Avd t4iudin(Bytey W6/ @5islvaitd or|, or
~42 to +6 dfmy T0F AT FReerNed VSB REPRIKEH: R yoisd in B M0 4 & WA OT) Of

di gltlzed Ilti 1 || tit ﬁ 3 Al r\co, SB—Reserveéd—for HEHr e
definition r]ir ed gs,qgvpin i nnuf seme Reserved MSR Ppcpr \/pri fdr 2nd

future definition of digiti zed anal og input 109 Al Reserved LSB Reserved
for 2nd 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

18



110 5 Reserved 35 110 4 Rate Select Digital
110 3 Reserved 110 2 TX Fault D gital

| nput Pin

Qut put PiwoO 022063800 LOS Di git al
Power - On- Logi ¢ I ndicates transceiver

valid 111 7

state of t

state of the TX Fault
he LOS Qut put Pi nPCTOIS02/03226

state of the SFP Rate Sel ect

has achi eved power up and 40 data

6 Vee AD val SBLF AaEiAut ORI B B By B iR RN b B 14

02/ 063800 PGH IIICDDI 0322: D\I"‘D D| +—Name %Scrl nj'l onh—111 5 TX I:Zl as- Aln Val | d
I ndi cates A/|DBY#i e Bith Bytes T0®€0 1 id valid 111DsCTRipbwer A/ D
I ndi cates A/|D val ue in Bytes 102Afi3andsWumingdFlag\itsi d 111 3 RX Power A/|D
| ndi cat ess DRI T 71 PYLESHIRANIID TS Gl R
| ndi cates A/|D val gle in telz i%%} 10 i s [vabl %ﬁlﬁ{i% served | SSﬁ%ﬂ;tes A D
val ue i n Bytles—3688+109—s—val+d—111 eserved—Reserved JQ%—%#GG%OO
PCT/ US02/ 03426 2 TABLE 3| Temeiay él%v@wmv SESThenpyEOSCmPsa AR Ry WERNI NG
FLAG BI TS Byite Bifl Nane|Description Al altaMYMWarning Flag Bits 5 117 7
Tenp Hi gh Alfarinz S¢t shen Vi High Ahtmt enper| Setwkenaxeeeidsphly gbitagakakedshehg! .
112 6 Tenp Low Al &rm Se when i nternal tlenpalature is below |l ow alar m
level . 112 §VGg HIgp NowFEken T nyarmal -~ g TR ohG @HE Ni gh
10 al arm | evel . 1:L2 4 VU “Low ‘ifar m Set Vz‘lﬁ%ﬂ ljn er naugrgt E’;\11 ? %)11 agewl )
bel ow | ow
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 low
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
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
warning 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 warning level.
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alarm | evel .

112 3 TX Bias H gh Alarm Set when TX Bias current exceeds high

alarm level. 15 112 2 TX Bias Low Alarm Set when TX Bias current is bel ow
| ow al ar rvDe@b3800 112 1 TX Power High Al arm Set when TX o®RCHUISOpe32RE
exceeds high alarmlevel. 112 0 TX Power Low Al arm Set when TX out put
pOV\BI’ | S bel 29 1! R ! C‘V’C! - ’IJ_Q 7—RX Dn\nnr I_l| nh l\l ar-m Qaf \Ahnr‘
Recei ved PoeBYExde high alN#Mf |evel|. 113 6 RXDFS(SWEPOILOW Al arm Sdt
when Recei vdd 1Pdwgr 6s pBKAwweoboval ar m || &eelhen RebeileiPdoedisBelserisved Al gr m
114 Al Resgrved [115 Al WaRdserved 116 T whedtip leegdh WArni ng Set when
i nternal tenperat yr €z eXt rnijng revel. 30 116 © Tenp LOw VErni ng
Set when int e.qug. Hte?rpc R?%%SH@?%Q% H-ow—war-r-Rg—-evel—316—5—e—Hi gh
Var ni ng Set A ilnt cselspNAYBE t age exceeds high warning level . 116 4
V,,, Low %ar|nilig Set3v\haResen/t6éWaarhm§uppl y voltage is below |l ow 35 warlni ng
| evel . 116 11>f7B'J as, Hi gqesg\ﬁ,re@mgm%t Wren TX Bras current exceeds high
war ni ng | eve—34—2—FXPr=as Y m. Atg—Set wheRr—PX—Bi-as—ettr+ent—-s—Hel ow
low warnind_Levell 40 | %Seﬁvewf ceeds
hi gh Warni g Marni ng | aR@erved]Z\&nﬁnQ'X Power Low Set when TX out put power is
bel ow | ow rgng vear n| Reseeyel .

10 119 All | Reserved
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117 7 RX Power

warning | eve

| evel .

Warning 117 2 Reserved Warning

117 1 ?’é\é

is below | ow

ed Warni ng

Hi gh Set when Recei ved Power exceeds high 45 Warning

19 WD 02/ 063800 PCT/ US02/ 03226 Byte Bit Name Description
117 6 RX Wowetodsoav Set when Recei ved Power
117 5 Reserved Warning

WATAISAZ/0322¢ Ni ng
117 4 Reserved Warning 5 117 3 Reserved
117 0 Reserved

Warning 118 All Reserved 10 119 Al d 20 WO 02/ 063800
PCT/ US02/ 03226—FABLE4—Byt-e Name Bit , ,—Bi.—{-—Er;‘;—Bi_—t—ll-—Bi—.t—&—Bi—t_—g-Bi t 1
Bit 0 5 X-dd¥*&mrq|o Bit Al |mBHi6 sletBifd al rBitfo [VB#13 mp Bt/ hI B ¢ Bitd r|m hi
Balrmlo plalrmhif Palrmlo slet set|set sgt set [set sef X-out cntl |1 R
al rm hi Rsal KGRt b ket [S&Hm B [V iHim 15 BV alffa o1 B/ Mrm RELB da1d1| b Ve b P ies F-in
I nv set set| set sdt X-out] cat 12 Fsétn $etsel-i{n kv |L-isdd SEL sQUX |1 Nt st Aux
set T al rm hix-o & T[Tk iigh 1Y [ Akl lo || B 1t 5% 6k | Pk Bt st 1| R aThL 9t | DRt | OO detd |n e 6o tO B
alrmhi Balfrmlo R alssmHKi Rtalfmlo Ralrmihi RalrrtlolB ft hi hiblhib
hib hib hib [Rdk R Rl - Oy QLI (A 1Y sollT RS T[0T dn 61| Dokt 1 vViaRH i} i 1
hib F-inin F-in Hib L-ifqisgv Uin hip hiblhib hijpb 8 X{ouwb cptliB AUx inv
hi b Aux hib [k-aickB [ aihn 1@l [rRk 6 M Adaié1] Bliohi §Tprafith lo0| i@l TR Bim 18 | 8k hihib] 0
clr clr clr jclr clr] clhtv X-obbt cjnt k6 P|alwbm hi whr |P abrnt abR @l rm hij R
alrmto B ft|xkdutcehd| 1 fihib MR £Gl Hib [RDAdinv | DGh Kib P-R-Bink NVF-@Ihb | L-ininv | L-in hib
hib hib hib
10 |[X-outentl5 |Auxinvhib| Auxhib | Talrmhi | Talrmlo | Valrmhi | Valrmlo | Balmhi | B alrmlo
clr clr clr clr clr clr
X-outentl6 |P alrmhiclr| Palrmlo | Ralmmhi | Ralmmlo { Bfthiclr | Pfthiclr | Rfthiclr |D-ininveclr
clr clr clr
X-outentl7| D-inelr (F-ininveclr| F-inclr [L-ininvclrf L-inclr jAuxinvelr] Auxclr EE
X-out cntl18 | latch select | invert jo-ridedata| o-ride Sreset | HIenable |LOenable | Pullup
select data enable
Prescale reserved | reserved | Reserved | reserved B? B? B! B¢
15 | X-out delay B’ B® B’ B* B? B? B! B
chip address b’ be b b* b b? b! X
X-ad scale 215 21 283 212 a1 210 2° 28
MSB
X-ad scale 27 28 2’ 2¢ 28 22 2! 2°
20 LSB
source/ D/A #2 range source/sink D/A #1 range
D/A cntl sink
1/0 22 2! 2° 1/0 22 21 2°
config/O- |manual D/A| manual manual EEBar | SW-POR A/D Manual | reserved
ride index AD alarm Enable | fast alarm
Internal D-set D-inhibit | D-delay | D-clear F-set F-inhibit | F-delay F-clear
25 State 1
Internal L-set L-inhibit | L-delay L-clear | reserved | reserved | reserved | reserved
State 0
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 1
30 Margin #2 | Reserved |Neg_Scale [Neg_Scale |Neg_Scale | Reserved |Pos_Scale | Pos_Scale |Pos_ScaleQ
2 1 0 2 1
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cir clr clr X-out ¢cntl7 D-inclr F-ininveclr F-inclr L-ininv clr L-in
clr Aux inv clr Aux clr EE X-out cntl8 |atch select invert o-ride data
o-ride S weoeseweddo enabl e LO enabl e Pullup select data enzblrasPrereal e
reserved reserved Reserved reserved B3 B2 B1 B 15 X-out delay B7 B6 B B4

B3 B2 B 6 b5 b4 b3 b2 b' x X-ad scale 215 214 213 212
211 210 29 2%%61‘&%&&5@@@5 27 26 25 24 23 22 21 20 20 LSB source! D/ A #2
range source/sink D)A #1 range D A entl sink 1/0 22 2 2 1/0 22 2' 20
config/O manual D' A manual manual EE Bar SWPOR A/ D Manual reserved ride
i ndex AD al at m EnAtinr@lé alsip istegmatad antceit dad cobire Bing Ruiopthelkctroficdensyeivdr cl ear

F-set F-i it F- F-cl ear State 1 Internal. L-set L-inhibit
L- del ay LE Vlmg‘% T’ sqnétg%,aggapﬁg@g}qﬂ@aeqeé\geérq?g@nsggate 01/0 States |

reservedglnLlﬂlﬁle, & e of SSEY glg e
Reserved Neg_Scal eeNe Sca?dﬁ?\le %ca? esgﬁveg&% %ca% %osi%g]l%e o
Pos_Scal e® ® the Gadsckivef) Margin #2 Reserved Neg Scal e Neg_Scal e Neg_Scal e

Reserved Pos Scale Pos Scale Pos Scale0 2 1 0 2 1 21 WD 02/063800
PCT/ US02/ 3226  \Wi&iog B depiigl ey oFsson gireuitryfay r?@l‘én% APl of praalegisiensle ui ¢

for contr 8' ! fr tﬁ@lagait%sﬁgtrtér%ﬂfi ?h&t‘bﬁfeﬁg%c\ég/rer, c%n$%+%gleqeée?\§eﬁrmgloggs mtter
and a photodi ode receiver, SI ng: menory, 1 nc one or
menory ar 7aysighis insé dfgltllgvdlﬁﬁ‘spiﬂ@dt&rﬁ[g the ldatiatvaldesia p&éﬂ%ﬁhécﬁf@%@t@dﬂé&mhm
& the memory;
9 control circuitry configured to generate control signals to control operation of
10  the laser transmitter in accordance with one or more values stored in the memory;
11 an interface for reading from and writing to locations within the memory; and
12 comparison logic for comparing the digital values with limit values, generating

13 flag values based on the limit values, and storing the flag values in predefined

14  locations within the memory.

2. The single-chip integrated circuit of claim 1, further including:
a cumulative clock for generating a time value corresponding to cumulative

operation time of the transceiver, wherein the generated time value is readable via the

AW N =

interface.

1 3. The single-chip integrated circuit of claim 1, further including:

a power supply voltage sensor coupled to the analog to digital conversion
circuitry, the power supply voltage sensor generating a power level signal
corresponding to a power supply voltage level of the transceiver, wherein the analog
to digital conversion circuitry is configured to convert the power level signal into a

digital power level value and to store the digital power level value in a predefined

e Y " I )

power level location within the memory.
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5 analog to digital conversion circuitry for receiving a plurality of
analog signals 6 fromthe laser transmtter and phot odi ode receiver,
converti ngotopeeasecei ved anal og 7 signals into digital val BeF/UsanaB23¢ ori ng
the digital values in predefined | ocations within 8 the nenory; 9 control

ircuit f trol |'s.t trol ti f
70" the | aborkt r ol vt YR e GLAEEN o el R S5 Ribr o val ues stored in
the memory; 11 anpb @Bﬁbﬁﬁ&% 1686 nﬁ&@&ssm&gl& f&%ﬁ}%@mﬂg thfeldmgtﬂ?oéveﬁewons

wi thin the nenory; and 2 conparison logic for conparing di gital

val ues wi 3 h valws Wlthalpowr legeﬂanmva}mg gellsraitlhgg peakukseldtagedilwrbasedon fhei t

val ues, nd storln? @Hbfg‘”a val ues in, deftned 14Io tlonﬁﬁwﬂé]mthe
menory. 1% 2. coppparison g e drg 3! P EiJP Y 6 R e Ropveg feyphhimpit Ve

i ncl udi ngs 2st@n I&)@%}Y%VEI' %Krafhfér in@§ed b@?o@eﬂwa g'lb&tlﬁﬁ%ﬁﬁ{)@l@d' ng
to cumul ative 3 operation ti ﬁe trans ver in the generated
time val ué imemendable via the 4 interface. 1 3. The single-chip
integrated circuit of claim1, further including: 2 a power supply voltage
sensor coupled to the analog to digital conversion 3 circuitry, the power
supply vojtage s Il I akgg responding to a
power sup%)l igvol teglzegsrl ﬁ{paﬁb{egﬁaé@dt@%ﬁ@coeflc\%\grﬁ rglnr?ﬁldl'}fgé analog 5 to

di gital conversi omtmﬁemﬂmrsynms cagiiéd guhedndlep watiyied totiteesipovicuiirg\thd

signal into a 6 digital power level value and to store the digital povver
| evel val die ﬁeﬁlparawr@a%rfsph%@levatlag\;@éﬁmp@r@we Fl%adPPH?ﬁlefllﬁg fo e fanprssiBiel 22 wo

02/ 0638004 PGIL tof claim
3 whorei A Qﬁt #gﬁ%%ﬂ%?%ﬁler&n‘éhe Jﬁf‘ag% {&%&1 8(¥vars'1&1fc§%ﬂ cShﬁ%H% & i gi tal
power | evel &nvaﬂtltlfb t\amtpbraaua@l\gﬁail 1h1©v¢e<ﬂ1gita1rtbmp¢raﬂurwva1@£mﬁrmtsto&g the digivuer

| evel flag val ue based on the 4 conparison of the digital power |evel

si gnal wi ¢ h eR@cisre valug i p pradgiined tgmperatigp ipcgtien withinghe Renisyer | evel flag
value in a predefined power |level flag |location within the 6 nmenory. 1 5.
The single-chip integrated circuit of claim1, further including: 2 a
tenper at ure g.ensoThEsingeeti iatdghtePathddlchidi Ywhateifonversion circuitry,

the 3 tenperature sensor generating a tenperature signal corresponding to
a tenperafure of thecomparison logic includes logic for comparing the digital temperature

3 value with a temperature limit value, generating a temperature flag value based on the
4 comparison of the digital temperature signal with the temperature limit value, and

5 storing the temperature flag value in a predefined temperature flag location within the

6 memory.

1 7. The single-chip integrated circuit of claim 1, further including

2 fault handling logic, coupled to the transceiver for receiving at least one fault
3 signal from the transceiver, coupled to the memory to receive at least one flag value
4  stored in the memory, and coupled to a host interface to transmit a computed fault

5 signal, the fault handling logic including computational logic for logically combining
6 the at least one fault signal received from the transceiver and the at least one flag

7  value received from the memory to generate the computed fault signal.

1 & A single-chip integrated circuit for controlling an optoelectronic device,

2 comprising:
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4 the transceiver, wherein the analog to digital conversion circuitry is
configured to 5 convert the tenperature signal into a digital tenperature
val ue andwDE206380& the digital 6 tenperature value in a pcedsbr/eees
tenperature location within the nenory. 1 6. The single-chip integrated
circuit of claim5, wherein.2 the conparison |logigc includes |aogic r
conparing>t he di gPPEPT: &ifbuting gpeeoréngx%rﬁeénwtaﬁags #%éﬁtﬁgpgf?fspgn‘ftg’?ﬁ@{a\%gl ue,
generating aotROPRbakHEshiE idgca/al ue based on the 4 conparison of the
digital tenperature signal with the tenperature limt value, and 5 storing
t he tenpebature fimipgtaldigtil nomvepnedefdumedior eeneeneg upkrflitpgf immdeg digmalsM t hi n
the 6 megmr%. 1 7. T%e Si n‘?l e-.chi inlte ratiad circui.t of claim?11, further
i ncl udi ng®2 ¥amhthe pRIReiertFRs dgiice: MeATBlosFana!SiREIRORALIEIP PBFHRE recei vi ng
at | east one i t 1=y IV oY nory to
receive a? I%%@?k%ﬁg?Fﬁé%ﬂ$%?%%ﬁﬁ%k§§€f%%p?ﬁﬁ%E%ﬁﬁ%%gry, gﬁ%%%%%ﬁﬁgﬁ to a
host i nt eBf adigitiloratuearesidistormgaherpigiteldvahenslin pfedsiigmidbcatione whthid thehandl i ng

| ogic i ncbudi ng conputational logic for logically combining 6 the at |east
one fault”sigHEP é8¢i ved fromthe transceiver and the at least one flag 7
val ue reggived fr it . signal. 1 8.
A singl e?ghi p i nt%@ﬁ%@%i@%&f@ﬂf%ﬁﬂ%%ﬁ%ﬂ%ﬁ%g anq%(%lt%giel?g’ﬁurngdﬁ?c devi ce,
2 conpri $i ngme3r\if) 024rAH3 B0 HPESHEOR/6R2A fBonmemstydevicec! udi ng one or
nore nmenory arrays for storing information related 4 to the optoelectronic
device; 5 analog to digital conversion circuitry for receiving a plurality

of anal ogysignal s g : I I apal s
OFanal oy anal s L A WS ARQRLAS 1. oSN G Bkl Aok afh s el o
converting theingechsstathnamétedgnd b phatosiodatezeivlr, domiptisingval ues, and storing
the digital values in predefined | ocations within the 9 menory; and 10 a
nmenory i nderface #og 0Ll consrTimeITITTY foi geacyinge plurdify ofinalogsignsds 11
menory in,ac i C i L 1 [.C8. . A

ot gl o- cnitp TopdBrES ki SATARR BRobEER: KRR EL SRR S apdod
transcei ver signdiedkd@igital s, AndasiGind the digaavauahin badefa&l heashyver ,
conprising: 3 analog to digital conversion circuitry for receiving a
plurality®of mmddgcagiogﬁyp n the integrated circuit; :

7 comparison logic for comparing the digital values with limit values, generating

8 flag values based on the limit values, and storing the flag values in predefined

9 memory mapped locations within the integrated circuit;
10 control circuitry configured to generate control signals to control operation of
11  the laser transmitter in accordance with one or more values stored in the integrated
12 circuit; and
13 a memory mapped interface for reading from and writing to locations within
14  the integrated circuit and for accessing memory mapped locations within the

15 integrated circuit for controlling operation of the control circuitry.

10. A method of controlling an optoelectronic transceiver having a laser
transmitter and a photodiode receiver, comprising:

in accordance with instructions received from a host device, reading from and

N U S R

writing to locations within a memory; and
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4 fromthe laser transmtter and phot odi ode receiver, converting the
received analog 5 signals into digital values, and storing the digital

val ues i rwpreededspned nenory 6 mapped | ocations within theciratSezyeaneed
circuit; 7 conparison logic for conparing the digital values with limt
val ues, ggnerating .8 flag values based o he |imt val ues, d storing
Uhe 1120 Sl Ues | HERTWaGHTIHELOG HERGEY SAPSEE MR SHOTNERT t he

i ntegrategd Cifdstibde rﬂeQei@a{lE&RAertﬁfgrtﬁwécewe&Qﬁgwgg&gﬁﬂs tro SRAGT RlifesCARE 1 O
signals to control operation of 11 the laser Transmtter I n accordance
with one or sioneg theldigt] ssloesid predefined icvhegrsaritdn tiPmemopgi t; and 13 a
menory mapped interface for reading fromand witing to |l ocations wthin
14 the inf egr at ed*¥REREhaHgR ‘fah&éé@@wﬁﬁ VRRAbEgnsaRRHas B R 98 i n
the 15 ingegga Jih&Gui ffalg |29 ' . . ol

circur try) g i e e ARl o kT S FATRE e ver
havi ng al0aseemod;transm tter and a photodi ode receiver, conprising: 3 in

accordance with instructions recejved froma host device, reading from and
4 witinglto | oca§nsHéingiconie] sienatsiie contrelpperaitonef te/lasss geesuptiy I0S02/ 03226

5 recei v'g]@g &c&lcﬂﬁ@é Mﬂ}{oﬁé ?ﬁﬂnge { @SQ{I’%&J%QQ%%’%' aser transmtter and 6

phot odi ode receiver, conve e recelve signals into digital
values, and 7 storing the digital values in predefined |ocations within
the nenory; 8 conparing the digital values with limt values, generating
flag valuis blas ed Tegymethod pf clajrilp), fagihgeigcluding: st oring the flag values in

pr edef i neg | ocat | gt Bisd DSud 0 fEARING, L AERSIALLAG, CORIOLc @l onal s to

control operation |"aser acc ance wth one or

nore val ugs gimeeder WheRen MR FBfdtated tilnk. valiltels BRESIE boftheChart Bevik vih wid her
including: 2 generating a tine value corresponding to cunul ati ve operation

tinme of tthe memppEMEBCyer, wherein the generated tinme value is readabl e by
the host device via the 4 nmenory interface. 1 12. The nethod of claim 10,
further including: 2 converting an anal og power supply voltage |evel

signal, corresponthéet®dadf claim 10, further including:
2 converting an analog power supply voltage level signal, corresponding to a
3 voltage level of the transceiver, into a digital power level value and storing the digital

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

13.  The method integrated circuit of claim 12, 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

w B W N

predefined power level flag location within the memory.

14. The method of claim 10, further including:
generating a temperature signal corresponding to a temperature of the
transceiver, converting the temperature signal into a digital temperature value and

storing the digital temperature value in a predefined temperature location within the

w R W N =

memory.
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3 voltage level of the transceiver, into a digital power |evel value and
storing the digital 4 power |evel value in a predefined power |evel

| ocat i on wDtobiosssdhe nenory. 1 13. The nethod i ntegrated ciPCTOisv2/ef22€!| ai m
12, including 2 conparing the digital power |evel value with a power |evel

limt val ye, genheratjn ower | evel flag value based on the conparison
of the di Ei tH‘% po ?Wﬁ\?gIO?Cﬁlr\é\ﬁén]&flL@qgh the power level linmt value, and
storing the ppmrodn%a?cingfth@&gi@t@ﬁpbﬁnﬁe alRt §9& 4 RRHRANE linitWele, f | a0

| ocation within the nenory. ~1 14. The nmethod of claim 10, further

i ncl udi ng3 2ggerstinghitagperatuesfieg wilue bassd gndle cmnpaespontiihagigial a t enper at ur e

of the 3 transceiver,. converting the tenperature signal .into a digjtal
tenper at ufe \HIPGEHRFENA! EHh Metgmprratar gﬁ*ﬂta‘fathiee ApLotdrias the appeaiine o

pr edef i ned t enperaf yre.d RAX LR Bidiokhfon WitRBIR Hendfy, WO 02/ 063800
PCT/ US02/ 032%%9 f 15. e'I'fLe rretﬁéc% of C gi m f4\,§1]|ﬁ§c u Frrlllgzglz conparing the
digital tenperature value with a tenperature limt value, 3 generating a

tenperature flag val ue based on the conparison of the digital 4 tenperature

signal with the t Ehpwetiodod 10 wrtheyiarlydingand storing the tenperature flag
5 value in a predefi: npes At : (W i thin.: r 1 16.
The net hog of 10, lee%lpt eatrt?l nccflﬁﬁllgmglége@g? \glfe n%a%g éi\?%’gllse? elgﬁg apgeg%} t0¥lgi gnal
fromthe Brafisgeilvestoredds diehagont [dgialy combinide fheagledetdne failosigehli n t he
menory, |logically conbining the at | east one fault signal 4 received from

t he transtei WepivathfomHbe engcaiyst anshibe pf lgastwap flag valvecsstyef dipm theaneomyry 5
t t i I ) i { | t
S onal t ot i SRR Alhttd rale g, AT HALLARRT o OB {OF CATRIALEE di8

opt oel ect ponhest demese, conprising: 2 in accordance with instructions
received froma host device, reading fromand 3 witing to |ocations
within a nenory; and 4 receiving a plurality of analog signals fromthe

opt oel ect ponj.¢ deyi ¢ g%(i Qlect-on%oﬁﬂl ' %%p%e(-?&%lgﬁicc&)e%c%%?o%ngﬁiﬂ%:tO oper ati ng

condi ti ons 01 ‘the op ectroni c%aaew ce, convert recei ved anal og

signal s ipto di gi idccmabhi@Switiandiraétns deelviRe fbn®hhadt déviea] rd@ding fropr fdef i ned
| ocations within the nenory;
3 writing to locations within a memory; and

4 receiving a plurality of analog signals from the optoelectronic device, the
5 analog signals corresponding to operating conditions of the optoelectronic device,
6 converting the received analog signals into digital values, and storing the digital
7  values in predefined locations within the memory;
8

wherein the method is performed by a single-chip controller integrated circuit.

18. A method of controlling an optoelectronic transceiver having a laser
transmitter and a photodiode receiver, comprising:

in accordance with instructions received from a host device, reading from and
writing to memory mapped locations within a controller of the optoelectronic
transceiver;

receiving a plurality of analog signals from the laser transmitter and
photodiode receiver, converting the received analog signals into digital values, and

storing the digital values in predefined memory mapped locations within the

O 0 g9 O U b~ W N =

controller;
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8 wherein the nethod is perfornmed by a single-chip controller integrated
circuit. 1 18. A nethod of controlling an optoel ectronic transceiver

havi ng a wWaen063Bod ransnmtter and a photodi ode receiver, c®EprusSe2/68226 3 in
accordance with instructions received froma host device, reading from and

4 witing.to nmenor {i 1.t hi control

oot oel eciPoni o5 FuNEE bepl taltﬁi B3t vBER deh e tieE A8k teryhan
fromthejl asﬁfe lﬁﬁlﬁ{)‘aﬁﬂéé hed stéﬁ tv%ﬁie@ ﬁ?pfe@@fﬁieﬁ%em&%ﬂaﬁf b RafifiR

recei ved analog signals into glt val ues, and 8 storing the di gital

val ues i A2pr wibin thedomteilor;y mapped Iocatl ons within the 9 controller; 26 WO
02/ 063803 PCT/ US02/ 03226 10, cor. ai )(gal tal ﬁgﬁl ues Wwith limt vaI ues,
gener at | g flag v%‘FIW ng.copfgo ’étr tlQ’éloé la%gag%t PG t he flag
val ues i q4pr gdgti.nedy B’ﬁé br ﬁ%i?bosﬁﬂués%&%d Hﬂﬁe e?tgﬁms@ﬁhfol ler;
generating control signals to control operat| n the ansmitter |n
14 accordancbcmmisvmﬁendredmtrelleral ues stored in the predefi ned nenory

nmapped 15 | ocat i Oﬂi‘? in the caontroller; 16 anal og to.digital conversion
circui trySfor recdt 81‘@ i8itAl GPRYETHiQn SiFcuiiny g gecsigng i Slurality of aralegughals er
transm tter i
signal s i Zt o] gllqlgt??galg’&%?lg@g?&gﬁ%ﬁgétggﬁggyé%%fgeggOﬁ%lﬁéﬁﬂ%Sé%gieﬁ%gélggef i ned
menory 19 nﬁgﬂﬂdﬁt@d@ﬁtﬁbﬂ’ﬂue&d dntd srortiethe digitabVdleds. in bréd@@finddhmentetyhod of
claim 18, further_ includin generating and storing in a register a tine
val ue cortfespgnrRdlg C’tttS’néM’ ththF\‘i@ntr@ %peration tine of the transceiver,
wherein the register in which the tine value is 4 accessed by the readlng
step as a nenory mapped within the controller. 27

19.  The method of claim 18, further including:

1

2 generating and storing in a register a time value corresponding to cumulative
3 operation time of the transceiver, wherein the register in which the time value is
4

accessed by the reading step as a memory mapped within the controller.
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