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G GABI T ETHERNET LONGWAVE OPTI CAL TRANSCEI VER MODULE
HAVI NG AMPLI FI ED Bl AS CURRENT BACKGROUND 1. Technol ogy

wo2@7@oiBh® present invention generally rel at esSPCDUS2006/025333

optical transceiver nodules. Mre particularly, the
present invention relates toa | ow cost optica
transcei ver nodul e having sinplified construction and
el ectronic schenme for | ongwave optical signa

iy gci‘lads?égf'lt g*i*pg%mﬁ OREWASE OPrIERE é&gggﬁgin}frﬁg)?njw
an opti cal netwgéﬁhaﬁggggﬁg§§%¥21§$ec rlcgﬁ‘netmork

conmponents to interface with and communi cate over

opti cal networks. Many gﬁkhggg%ékggsceivers are

nodul ar and are desi gne nce with industry
%;andarQB ihqt ggfine nmechani cal aspects of the

transcei 210 factors, optical and electrica

requi renents, and ofher charagteristi.cs and :
rﬁ%dﬁf FEhaRYeation gef“ﬁréhi’ Feltiee i°9‘é‘iﬁ§ fransgives papgies Moge particularly,
Smal | Form Factor Module Multi- Source Agreenent ("SFF_.
NRsapgesent pryenfing jelates o Rawicatt opiga) drapicelvRbrafde hayihg simplified
Source _Agreenent ("SFP MSA'") and the 10 G gabit, Snal
FOPTHUER B elEctiogjahempAI donewits enticdsignermgimissifant

("XFP MSA") Revision 3.1 define such standards. The
Bhsiclbaﬁﬁgﬁﬂlﬁbnponents of conventional transceivers
include a transmtter optical sub-assenbly ("TOSA") '
dndical Frensedivas arprieddb BB SB6 rBtojve( OFROSASIpRalsT femTasAptical
recei ves electrical signals froma host device via

aietveark eng tognablh gleptrigriswtiorke compuanghte taintbrgenwith tiad cemmunicate
correspondi ng optical signal that is then transmtted
tayem opleqabtnetwooidhe  Mangroptiptli ansceameravarckmo@day ends eteydesigned in
t he ROSA receives an incomng optical signal and

cut@ddrse avithomdesyy grhidags dhae dbfinecmbclanigaladspediadt danransceivers,
then be used or processed by the host device.

Addh: t faotoad, | ypticaloshd t elaciScadi wegnisenhaned, ugel atlierr gelthracteristics and
printed circuit board (PCB) contai ning,

requirements of the transceivers. For example the Small Form-Factor Module Multi-

Source Agreement (“SFF MSA”), the Small Form-Factor Pluggable Module Multi-
Source Agreement (“SFP MSA”) and the 10 Gigabit Small Form Factor Pluggable
Module Multi-Source Agreement (“XFP MSA”) Revision 3.1 define such standards.

The basic optical components of conventional transceivers include a transmitter optical
sub-assembly (“TOSA™) and a receiver optical sub-assembly (“ROSA™). The TOSA
receives electrical signals from a host device via circuitry of the transceiver module and
generates a corresponding optical signal that is then transmitted to a remote node in an
optical network. Conversely, the ROSA receives an incoming optical signal and outputs
a corresponding electrical signal that can then be used or processed by the host device.
Additionally, most transceivers include a rigid printed circuit board (PCB) containing,

among other things, control circuitry for the TOSA and ROSA. Such control circuitry



anong ot her things, control circuitry for the TOSA and
ROSA. Such control circuitrycan include |aser drivers

wa@pa7pasts anpl i fiers for conditioning the dataPCT/gRENE025333
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handl ed by the TOSA and ROSA, respectively. The TOSA
and ROSA are each connected t%'the optical network via
opt|cal fibers that are capable of transmtting

ot%llmc desla%na?‘%rs 5% gﬂ) efnigph?%}s fgrI Po%{iztlogﬁ}g]lﬁgegatat 81%16%3 hﬁ’igc(i]led by

connec a correspon por
ROSA. Th TCSA | udes a
%ﬁhb%éﬁﬂﬁggﬁﬁéﬂ%ﬂegsﬁgo{aser diod: thatlgfoguces t he
transmtte t he. tic fibe
cﬁlﬁn@% B AR ory et ohisd] Mg W.ogwiﬁb%thﬁt are

nal s, a nore wavel engt h

tra lcal t

FEPa R 8{ 1R %@%@f&?@%ss Eéfg’e"?&?%léﬁ%’&flé%ﬁ Cf%ﬁ%?g that mates
ei t her "shor t wave” é; or
t Vilh3 ereseand e pep datngdyd rfqeéctw 3&)&&1 crfamsfwava engt h
emtted and/or received thereb npl es of shortwave
opite E@PA dnchilas 2 NekterwisgtHeh 2% %gqmdtqdédhﬁwr@duces the optical signal
transcei ver are 780 or 850 nm |ongwave transceivers
clamsmitisd 3 the epficebBberss¢agnedicsd thakd HYSA 3 The tnserio88 e ponfigured to
wavel engths, for instance. As the rates at which data
| BansmE egHeal sigtlly bteone orrment wavclangthsn Eowiostkecer iranseeivanglare often
the cost of optical comrunication networks tightens,
t datagerizedias eithea fisheviwpva '(CS WAkiritpngeed (0L WEdwrnecedvssst depending
i nvol ved in producing optical devices. One way this
carthp predohinemerhvekngl emited @ad/ongetihel thereby. Examples of shortwave
i nt erchangeability of conponents used to formoptica
depiicdesgnab webelagtisptansaltied rogns aensv@vernme 7B@ ©r 85 nm; longwave
particular, the ability to utilize common conponents,
Stuedlce®rd ame traihidiy epticabRignglo Haviagpl3ild i @r 55501 win bodvBlengths, for
| ongwave and shortwave transceivers represents a
piastenee] al | y significant savings that nmay be realized.
Unfortunately, differences between | ongwave and
SROthE WatyLat tWHadIS@fd ¥ fangEisd s cOfhRAicABIN® networks rises and the cost
i nterchangeability difficult, especially with regard

L& bAREN cdhirhWBEaSion Vﬁ%tv%ik@ﬁklﬂ@nsh Ao ktsl L by Mk @Bihg need to
and i npedance requi rements, depending on the

WaN ek @Bt hvefved h‘ﬁpr@@ﬁchrfgaépt@élgﬁaltzest Q)ﬁéewﬁ}r ﬁiﬁsﬁhtbﬁ @6hiéRd is by

such, a need exists in the art by which optical

diﬁ&'e&ﬁ%’ thS YetBrcBsh LRSS B bIBHRARI ¥8A to form optical devices, such as

optical transceiver modules.

In particular, the ability to utilize common components, such as laser drivers and post
amplifiers, in both longwave and shortwave transceivers represents a potentially
significant savings that may be realized. Unfortunately, differences between longwave
and shortwave transceiver designs often make interchangeability difficult, especially with
regard to laser drivers, which often have distinct current and impedance requirements,

depending on the wavelength of the optical signal to be transmitted.



nodul es, can be configured such that sel ected
conponents can be interchanged anong di fferent device

WO yem028th particular, it would be useful to pPCWUS®06/025333
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the ability to utilize selected internal conponents,

such as shortwave |aser drivePs, in |ongwave

transceivers with a mninum of nodification, thereby

PraQVd, di N e.a.l,ow cost. | ongwa .
Db bR b b RO 85 ol B R Frescetver
R e A o R 37 L OGtonctie 8 Py Mstelneed among
ait TR B80s GRRO PRSP B ir nABhin BoEHats 1 to uilice
configured tor | ongwave optical transm ssion, ]
sf%%ﬁt%“@%mﬁﬁ ﬁ?mP‘H’sgfﬁ HRA 85 PRAZEVaN®, dASPTedTiers) i lergwave transceivers
conponent.s formerly used only for _shortwave optica

{ PRSP, ok ResBEYio e HEEPH §HAHAE SpENEN o Produce a low-cost
production and device conplexity. In one enbodi nent,

t HESY PG ERETeHET Wb SUMB UM fOrpHEEYa transnitter optica
subassenbly including a | aser capabl e of producing an
optical signal. A conscBRHZ SUHMMARY dri ver/ post

anplifier_ including a first bias current source

prBYPEEsst Wventien bagpeer develaped frerebppses tofthy ahoroehsdodthey nedds in the
optical signal. A neans for anplifying the bias

citr BRehpFEwnaEdd teonbodimentioé thelyyresehisinfdntion aisidirscted to an optical
current source is also included as a separate

c Bapenetmdduinibetie coafsgureddfor Wengvpes bptaairadsingssion TiSégnificantly,
neans for anplifying in one enbodinent is a

f the| tthnedefwst tmadpiengilge corrments Sompelyalky oaynfoe ch&@tydve optical
the | aser driver/post anmplifier and configured to
phrransingrsioartherdofi teiorizd nelvi @snpouent ridudtivntané dbaceom@icate

such that sufficient |asing operation of the laser is

r Babnezauhodimengnibé rensceivbogbd@e inclides BBRAASNiEON optical subassembly
anplifying is configured as a bi-polar transistor. In
yatludingtleser eiphisie oNpotucii dudpties] sapl. | £ cesoBdedaSser driver/post
pl aced between the | aser driver/post anplifier and the

naaplfiet diclaniy b firitnGast Qurledt tdiede HOFIIST a ibhhs RuAEMCIoNHe Mer for
acceptabl e bias current for the |aser. Enbodi nents of

t fredyRiS@Bloptichy §ghA10NA &ng R fnGHinaLL {1RMbiAP&LRL HBvilitl to the
a | ongwave, SFPtype
laser by the first bias current source is also included as a separate component from the
laser driver/post amplifier.
The means for amplifying in one embodiment is a field-effect transistor that is operably
connected to the laser driver/post amplifier and configured to provide an additional bias
current to the laser diode such that sufficient lasing operation of the laser is realized. In
another embodiment the means for amplifying is configured as a bi-polar transistor. In

yet another embodiment, a buffer amplifier can be placed between the laser driver/post

amplifier and the means for amplifying to further assist in producing an acceptable bias

current for the laser.



optical transceiver nodule having a data rate of at
| east 1 G gabit/second. It is appreciated, however,

wo bar/oosanscei ver nodul es having a variety of PCT/US2006/025333
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configurations and speeds can al so acceptably enpl oy
the principles of the varioustenbodi ments descri bed
herein. In particular, |t is appreciated that the

oﬁﬁ)'b&ﬂlneﬁt'é %P ﬁ% ré@%}ét 1Pven 1on ar%leﬁ%cﬁ u?gcp fopgéefr?tbo&isi{% aalongwave SFP-

| ow cost rdr

| | f.i
ST L BT A B L UL B 15
ﬁ%%pz%%tédi AR A Zue%%%é“tv'a'gﬁ%% fahegfpms and
be used fgp Ion ve transm ssjons _w thin the present

t SRS ¢  eritiens the pEngirles Rb thenpEpusrarRparpsnes dojoribed

educi ng corrpl exity and the need for additional

V\@ﬁﬁa névn]? r,guﬁls am;]rggléteé Hat e getical Banserives meduleascribed herein

resent i nventjon wll becone nore ful Ify apparent from
tﬁea fo1-reoshimirguise $E7ipg poaseadeiverpaneaplifier ainginallp comfigured for
be | earned by the practice of the invention as set

f BT YeFaerarer esignpRHPEEe PESCRIE abthedse THER a0RNenNGSs current
To further clarify the above and other advantages and
f @arcgragvihpe dpssribedelasein, thasheniviasn laser dnyewposaanplifier ean be used
description of the invention will be rendered by

rief elpw’ceéettmsm@@pna ovidrbdlei preestnd trdneqeeef mbdévle, ahes increasing
illustrated in the appended drawings. It is

appradengertitt while révwsmg doapleniyy adé phe heainfoy ddgipions| component
enbodi nents of the invention and are therefore not to
béesigonsi dered linmiting of its scope. The invention
wi |l be described and explained with additional

sPes¢ hndcothyr fastdresiof thel préshutdughatibih @ilub&onit nidie fully apparent from
acconmpanyi ng drawings in which: Figure 1 is a

phe Spketingdesviiftion ahd appeapdd dahs] srang Rl MahedBdihke ractice of the
i ncl udi ng an enbodi nent of the present invention,

Fingdntion @s des foathSerdplakibd. ed bl ock di agram of the
transceiver of Figure 1, illustrating various aspects

of the presentgRIRYENESCRIPEONOH TIE DR OWENEIDOdI NENt ;
Figure 3 is a schematic view of a bras current

arehurthbdlarf) thePabbo v @id R aEGntIRE] HAGELthBs bBe present invention, a

more particular description of the invention will be rendered by reference to specific
embodiments thereof that are illustrated in the appended drawings. It is appreciated that
these drawings depict only typical embodiments of the invention and are therefore not to
be considered limiting of its scope. The invention will be described and explained with
additional specificity and detail through the use of the accompanying drawings in which:
Figure 1 is a perspective view of an optical transceiver module including an embodiment
of the present invention;

Figure 2 is a simplified block diagram of the transceiver of Figure 1, illustrating various

aspects of the present invention, according to one embodiment;



optical transceiver nodule of Figure 1, in accordance
W th one enbodinent; Figure 4 is a schematic view of a

wher@g/oeasts ent anplifier for a |light source i ncPCmEs2006/025333

10

15

20

25

the optical transceiver nodule of Figure 1, according
to another enbodi ment; Figure>-5 is a schematic view of
an anplifier for use in conjunction with a bias
Hblsegiio it s s B g e BB SR e nghede m e
of ..t transceiver aof Figure 1 _illustrating,varjous
Sepbl FehdspRErE R e dints PV R et B n e ot ner

[ : Al LED CRI PTI ON L ED : .
RGBT RE 6 FERES SR UM, BB e § GEI SgFe aciuded n the
wherein like structures will be provided with |ike
e AR iR T1diire | acradin et HiEe N he
drawi ngs are di agrammatic and schematic kK ) )
riaPte ol PaChErdic grev Rk A PRPYTISE HrowE i Aoy urstiop [dth a bias current
invention, and are not limting of the present
| ARPAEET of prhefiments of Hsypreseridrieatien gnddr awn t o scal e.
Figures 1-6 depict various features of enbodi ments of
tHgurp bds a simplifio hlock diagiani efiihe angesiesr &f Figugi .dbesigtingvarious
an optical transceiver nodule configured for G gabit
(aspests, of the@irepatyi inYestiern aedordingigwaciersptbiodiaent.
communi cation. The present transceiver is further
conf i gudHECAld KX REPT HPIN €S BHCH A E
design that affords manufacturability at a reduced
Redtrempeovill gbhvdre sideitd fghrys wbérein|lin givaneet wihisc@bvidedwith like
Reference is first made to Figures 1 and 2, which
sefeemed idesigbayionkepi It tis viardestesd diitaibke sdrewingsn aptdig@dmmatic and
transcei ver nodule ("transceiver"), generally
delsdngptiat egresdntalions af eredplng Embaiiaer@Tho dhdT@tentiol@nd are not
transceiver 10 is configured for use in transmtting
ansiting 6ethy prReen0pivetnh nsi §B&le$ nbddsRARNESIM REcakt h an
external host (not shown) that is operatively
gapies i 8diebitt ORGoS TEAGH BN bmb&diReRo BTURI FiadehORSention, which is
network (also not shown). As depicted, the transceiver
IRn&hBWireSted1tq W€ optica P Rh AlcBiSerY Aol ScofBFRON G Bigabit (ie., 1
positioned on or in relation to a printed circuit

bo@a/ dec S 1onghhve 0Pl AbRchudicEAN € Tho Hreként! ®hsceiver is further
enabl i ngt he transceiver to communi catively interface

V@oﬁﬂgﬁaﬁso‘m% be Eﬁ}ﬁerﬁ&fﬁéﬁ%&@l siﬂ'lglei d%siyﬂﬁlat affords manufacturability at

a reduced cost over other similarly able longwave transceivers.

Reference is first made to Figures 1 and 2, which schematically depict various details of
an optical trans_ceiver module (“transceiver”), generally designated at 10, according to
one embodiment. The transceiver 10 is configured for use in transmitting and receiving
optical signals in connection with an external host (not shown) that is operatively
connected in one embodiment to a communications network (also not shown). As
depicted, the transceiver 10 shown in Figure 1 contains various components positioned on

or in relation to a printed circuit board (“PCB”™) 11, including a connector 12 for enabling



present enbodinent is of a type "small form pluggabl e"
("SFP") and is disposed on an edge of the PCB 11,

w0 beageset her connector types can alternativel RCD®ES2006/025333
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enpl oyed. Persistent nmenory 14 is included on the PCB
11 to store pertinent data, such as identification and
initial settings information for the transceiver 10.

Tpe tltalrl %ngf%rg é)\sl’cgore 11%}; klr %l?fér%tﬁxjfgc%lé}ljghgm aléocséa{’}ix%n ct8::3qeect85|12 in the
b 1

f}frlgﬁ%ﬁtfﬁrg od %8?)??“5)%111&}8 | hgg%ﬁegn c%é}f ls éqf(? gsrdxsposed on an

3&8%3%5# Hit q@%ﬁ%ﬁi ST P BOioR AVPE °A51;%%nﬁe's¢§ "tremployed.

turn the TOSA 16 and ROSA 18 are each opera

&ﬁ%ﬂsé’?:'lt RERYY t He ISp@felufeCi BytharPet det o etgre p?ﬁl@w g@®, such as

As such, the PCB 11 facilitates electrical

ARG R EPO I O ES TERER TGPt AOsAIVEB 10.TOSA 18 and
the host. The above-nentioned transceiver conponent s
arhe trapacivar 19 furdhgs ingludes & irapsatifter Dtigah subassembbo6FES ALk 16 and
with a cover (not sho}#a to define a housing for the
tpegiet epliedl stbassangle (TRHARA @ntodiatrepliestingly teneblprtmgwmission and
invention are directed to a transceiver configured
iEeehtion by it eankesivgnof datenerdining opgwe \eégnelst Vig aiptical fibers (not
transm ssion and reception while m nim zing
tshaws)dbitcenneaswisintileyT Qs tnd MNOS L. Irhiatn, theiTORA i16 avd ROSHE 8 are
di scussed in sone detail, the optical transceiver 10
i egcldepeatibehnbgtednvmythe PCBI 111 ust anatl¢otivabinlteyfacah® Ao tudhythe PCB
way of restricting the scope of the invention. As
nenhcibaed ekbitivd, comimnicatdisitiacareadiDofl the TOS Aere) ADSHETS and the
is suitable for optical signal transm ssion and
reste fthe @boatm@tibnQeemsadidat@anpoat@s are fpaRially Bastd InGxhell 25 that
t hough data rates are al so possible in other
eah ocipeRbt With £tHvEN@bNI0&) 18defitd PRRSIng ForttherdkasRn1 0.
i nvention can be inplenmented in optical transceivers
Qfotamat E@beRIHhatE 6f the Yedte@Snvéhton ReRiRAEd BFE traMdctil@Wonfigured
restriction, and with one or nore of various optical

WAHE |aesﬁﬁbfé5des@@lt 1 bl RnkRRAVEMR P RENSNQEIMBYE reception while
emi ssion ranges. Duri ng opération, the transceiver 10

Qﬁlﬂlrﬁlﬁi‘\l;’\l%t}éﬁs&1vg1aﬁﬁelﬁgl&r%'sﬂq gN%{eeﬂiﬁtr waak i8Nk dflschs@:ci B€ some
host can be any conputing System capabl e

GRIMUME ©BhidaDd Gaibdiler1108s HERBRGVIREy of illustration only, and not by way

of restricting the scope of the invention. As mentioned above, the transceiver 10 in one
embodiment is suitable for optical signal transmission and reception at per-second data
rates of at least 1Gbit, though data rates are also possible in other embodiments.
Furthermore, principles of the present invention can be implemented in optical
transceivers of any form factor such as XFP, SFP and SFF, without restriction, and with
one or more of various optical wavelengths, both in the longwave and shortwave emission

ranges.



10, for transm ssion as a data-carrying optical signa
on to an optical fiber (not shown). This electrica

walataossghal that is supplied to the transcei vRCT/LI82006025333
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carried via a pair of differential transmt signa
lines 34, shown in Figure 2. -“Each signal line of the
differential signal line pair carries one of two

el ectr.ical, .data th

Sb[lgx?gen%)cﬁ tlofiI Jlé ggnes{:]etulle? 10 can recgive d Flat?,—c%riym% ecmcafj1 mgxgzﬂ érom the

t .
f’lOS? W.hICh CaP] gs gl]%% %c%n\l/peutl IS}&S%{Y'C e@ﬁ 8 ?Oéglﬂlérgf%t]{}% Wbtg é%let tir%celver
t | f h t |
¥ eg?’gﬁ?a&%%l%a@? PER dhreAriaacE:el JRE ondo BR GUHLEEdag shown).

ht sourc such as.a laser 28 |located in the TOSA

Jél%s W@ﬁalc@mw% thahds BB P B UapsGREeT {isgagied via a pair of

ta- carrylng opt|cal signal for enission on to an
%f Freafials Fanenitarignal (HAS ffts Sho dnr d1gre Jpt ikash Slgnal line of the
communi cations network, for instance. The |aser 28 can
b@ feisntid genalninetnarramies one @f Brrestieemg of defmmmjiaielpasical data that
DFB, etc.), a vertical cavity surface emtting |aser
(dlffgsﬁgm) eacbr otherhely dwisteapl polpiifyht A§Uelsethe lines are respectively
Accordingly, the TOSA 16 serves as an electro-optic
t ndisalgd ceth. “TK ndjaf ‘Herara -Alindieatery ingiicaing thyrrg$pebtigemsitive or
32 and 33 are also included and associated with the
dieipigverolariay of ¢agh srapsmitiingn alhelelegtisalBdifferentnl dwta digna is provided
bias current to the laser 28 to enable its operation.
Tlaedehaswrdedewh iaf & bderp 19dBicdsn #ie TOI A 6,3¢ictacvalverBithselectrical
" (line 33) to respectively indicate their polarity
regrat iionshidetat@rying optirals piighal Sfog realissidnnes t34an Absi@] fiber and
the TOSA 16 includes a photodetector ("PD') 36 that is
usadmissionwiai anh @ptitah eorp@wscatiohs didteopfor dBtansd. géllaser 28 can be an
emtted by the laser 28. A "PD' signal line 36A is
ogige-abliting st elidde de. Wi Fobri-ReroP DS etcl)Na adtdidl Oty still&e emitting
transceiver 10 is configured to receive a
diagen (08T SBLI " NGr Oftel Sidttablgilighedoufct OMcadtdRplyl G8ITHIAES séted as an
the ROSA 18. The ROSA 18 acts as an opto-electric

taamgd@g@&mgmu&ﬁansforn1ng the received optica
signal, via a photodiode ("PD') 22 or other

ST ame%‘ﬂﬁéml&sgﬁ blhﬂl?}aﬁﬁﬂ@% heghd 3T Ak afb 9R8lded I associated with the
resulting electric signal is carried via a pair of

ddifE,Rh @ bh Almif 8681 ¥ifesSI 08 Fovidd$Biad @urre%?’ td e 13E BPRSnable its
with the differential transmt signal
operation. These are identified by “Bias +” (line 32) and “Bias - (line 33) to
respectively indicate their polarity relationship to the transmit signal lines 34. Also, the
TOSA 16 includes a photodetector (“PD™) 36 that is used to monitor the power of the
optical signal emitted by the laser 28. A “PD” signal line 36A is operably connected with
the PD 36.
In addition, the transceiver 10 is configured to receive a data-carrying optical signal from

an optical fiber via the ROSA 18. The ROSA 18 acts as an opto-¢lectric transducer by

transforming the received optical signal, via a photodiode (“PD”) 22 or other suitable



l'ines 34, each signal line of the differential receive
signal lines 26 carries one of two streans of

waoledof7mezsmi i al el ectrical data that differ fromP@HRTR006/025333

10

20

25

other only in signal polarity. As such, the lines are
respectively denoted with a & and a "+" or a "-"
desi gnati on, indicating the respective positive or

n&egzﬂzt ' (?o ng) @Hn%%le ega’ifie lre:gigigﬁ% E}[egnqlggl%nl &1 5% 0? Via a)f)alr of

IS |nb uded Fansc
a 1‘%‘8 Pa]nr %gv:e:s o ﬁg%egi % §¢’ Eg %Ié:g{é Vg f ecf 12’ rtezrt%? 'transmit signal
d t tri. d from
ol e Gtte ] G ph i et iwe %%%%'sié%s&ﬁ.wwsfoa? of two

drivin aser 28 f i_ntegrated | aser . i
d?tiee’éli %B S’ls}g“ff%ﬂﬁﬁi Slgcirin %'fi; %iﬁkdﬁfgz grompgacky qihgr oply dn E@F"A polarity.
Zg ng on a S|nale |ntegrated circuit chip “g

i NE Fifdethedeca e orpeTERY, depageingr Wt i ke Yother - deSIgnatlon
el ectronjc conponents shown in Figure 2 on the PCB 11.
FRfIcHEE thieshor Ve ROV e Pirpstiie Pokrbyri£eddineDPA 20 can

be found in U S. Patent Application No. 10/970, 529,
eRletranisdeonepers Ewled en MegiGH | bpf the Agesceiper et aswtidn data
Controller,"” filed Cctober 21, 2004 (the '529

Appial éra]tlﬁin@i*ﬁlc)n anghvicedptips. ilmclesr ﬁbﬁw@dem@denwt bay post amplifier for
reference in its entirety. In other enbodi nents, the
pesditigmpk ithe dectigatisipeed egceited frem thaphdsediodeci2ud eohsalidated with a
separate conponents on the PCB 11. In greater detai

t lager [dDPEr &0 daiysigsthe,lasen 28 e foms endfteghted TIGSA dtiGer/post ampliﬁer
conditioning the electrical data signal received from

t (feDRASY 2hbefosacht GrewadRih 2 redides Dingnahglé mtdéghaedT GBAitfchip and is
conversion into an optical signal by the |aser 28. As

j mslhdeall dsuceehpbognt, tthgetlea séth tR8otha ethcirvdt cli@pdhelty skown in Figure
signal current ("bias current”) provided by the bias

s1 gnéle AAMES Bi2thandktdil régarddithint irde@dtedDDBA&0I @R bs f@ha@kn U.S.
current provided by the transmt signal lines 34. In
OPene IppldafBn No. 107%€70L528AenZifled ‘Sniepiated PBE Aflplaffer, aliser Driver, and
integrated circuit on the PCB and includes vari ous

PCaBrotlBat fileMDEIBEMERT04\hE F° shD A pYBEakiONS, WhiBHRlindolddeBed herein
shown in Figure 2. |Inother enbodi nents, the LDPA can

t K@ feRdn® In s UniiFe _thInhﬂié@ eﬂk&ﬁﬁleh’cg ttﬁer }?&f‘ﬁﬁﬁiﬂe? Bnd laser driver can
configurations he transcei ver t he presen
R dBRNS sdpdfatd\@mpoRGHidSleie ﬁ@ﬁrﬁ. tor anplifying the
In greater detail, the LDPA 20 assists, in the case of the TOSA 16, in conditioning the
electrical data signal received from the host before forwarding the signal to the TOSA for
conversion into an optical signal by the laser 28. As just alluded to, the laser 28 is driven
both by a signal current (“bias current”) provided by the bias signal lines 32 and by an
additional modulation signal current provided by the transmit signal lines 34. In one

embodiment, the LDPA 20 is implemented as an integrated circuit on the PCB and

includes various pins that interconnect with the various signal lines shown in Figure 2. In



bias current provided to the |laser 28 by the LDPA 20
via the laser bias signal lines 32 and 33. In one

WO p7eeasni at i on, this nmeans can be provi ded byPONESN6/025333
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nore el ectronic conponents configured in relation to
the LDPA 20 for bias current'%nplification. In
particular, the illustrated enbodinent depi cts a neans
f e S I [ udes a
P EpLRRY BPT RS G o8 oG TR, b e, e g fncction
c Wit h the LDPA 20 in prOV|d|ng a suff|C|ent
agﬁﬁpgalwblas current to the laser 28 during
ceiver uch 40 act

O BB 2R LR Ao SRR bR B B pEor I oiine e
SRR Yo PSR hy Hrg A A R e OB FameT i 32 and

er_enbadi pents .t he BCA 40 can be incl] uded atop
Hlerln t%ﬁd@eg Peaftion, s Hasns cap bePraviichhy OP%é’éth‘Bﬁ electronic
within the transcelver 10. SpeC|f|caII Figure 2
SHERRONETHS Configuedan gelaighio WRideiAmeRtior hias perens gmplification. In
oper.abl y connected both with a signal line of the LDPA
2@“1%% Hip, lgpratedoemppmimeniedepietsan doent foreuplifyiae the laser bias
polarity (-) laser bias signal line 33, via respective
cBmiTat tRbHC iR bias current paptiioHERCANN) thBOB@WRANEdde cooperate
44, the |aser bias signal |line 33, and other lines in

FYVljlm ths IDRYY &0 improwidingacsg fioieng AROWTHOB Hiasreurtenat the laser 28 during
conductive traces on the PCB 11 and operably connect
wiranceies pperetione As sush.iteeBGAeld aots as lar adddiynap hurdenwith the LDPA
greater detail, the negative polarity |aser bias

sy fiexlproviidieg Bigs pwreantodhit lpsetr 2B idméng eperativh e ThdDPA siRBvit indtigure 2
cooperates with the positive polarity |aser bias

sisgealg thaun@d 32 thenP@B OViiol bthgr ¢riidbnass theBCAMO, capibe dhshddd atop
by internal circuitry of the LDPA 20, to the |aser 28.

| sthaftfaegskivet dvenpBa#htAG ih snqhed tedtidnnwigas tlelt@hscaiveihi ot he

| aser bias signal line 33 to anplify the |aser bias
Offiepificallyy Figuee Rashews 26t id e pE¥seOMRbddiment4He BT AAUE Qs 3ferably
output Iine fromthe LDPA 20 and is used, together

WoinhedtddSbogio itR Gt sigia] e 6F tha PRSI, ndhely28n & DUESMP OB 44 and
filter for voltagebiasing of internal circuitry of the

LbPAegi@ve P16} (l)rlﬁﬁf Biak sichdl Gk BB Yvid FespdcBIEABcdtdE lines 46. As
LDPA- pr ovi ded, ‘internal,"” portion of the bias

gt bt A e 442 O g o
tNgreRRBRERAt & P MRS Himent as conductive traces on the PCB 11 and operably
connect with respective pins included on the LDPA 20.

In greater detail, the negative polarity laser bias signal line 33 is an output line from the
LDPA 20 that cooperates with the positive polarity laser bias signal line 32 in providing
the bias current, produced by internal circuitry of the LDPA 20, to the laser 28. In effect,
the BCA 40 1s placed in parallel with the laser bias signal line 33 to amplify the laser bias
output to the laser 28. The LDCCOMP line 44 is also an output line from the LDPA 20

and is used, together with its connection to a capacitor 45, as a bias loop filter for voltage
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to control the BCA 40 as an external current source.
In this configuration, then, the BCA 40 can augnent

wo a®ef00381ns current provided to the | aser 28 bRCT/US2006/025333

internal LDPA bias circuitry ﬁhi le still being

controll ed by the LDPA i nternal bias | oop control
circuitry. So configured, the BCA 40 can be thought of
asadng) aigmlté@na%{rah{rﬁlof%é ﬂDI»J&ezd N ale ﬁ.bsl %ﬁcﬁwfgfoduces the

source of the | e both of these paral

OU5B R0 VIR GOSmEhA ?Q)'?t%({ntoc}ftﬁ@%%%%{r}%ﬁ B8R 1h8PBS. In addition to
g AL PLOHCERE 0 U s
bcb %§ntﬁc§l %@%CA hh %s an é)%térnael cll nt ce In L9 g(%aﬁégra\éO@ﬁhqn, the BCA

attac he “positive porarity | aser

PO R MR TSNS T I N
RSBl PR b heansEst f?qpeﬁ?nf@@ z%'cu%% .
b 2 S ST BSOS ) et
A R I L A S—

soc ated connecti on I ines 46, are typically

rﬂf“’r {3)‘6?]@813 POYTOb{SBF R of e HGLONP lipRd*-and r ecei vi ng
shortwave optical signals, not |ongwave signals per

Aiie thakenitls 1bfs shpwn @ﬁ@é@‘ﬁﬂb?dn%ﬁ? %hemwwgﬂy gmctad with the
shortwave-rel ated conponent confi gur ation is

J9oHiTe agbeitslapabiascigpablies ShithcBEAsiagniibmetivelishe sitichad to the
and reception in that it mnimzes manufacturing costs
psigiamelanly b Preevighad dinedBs shywnt in Bigurerd lio peder fioprovide an
transcei vers of shortwave operation and transceivers
aflditiona) ey cumgmé toethé beer. As such, inclusion of the BCA

40 in a | ow cost transceiver design originally

desingmtedied, anclstor oinvhe &G0 Adnim iteatanemwiven ab lceabldsothe wawigon of a
optical transm ssion and reception capabilities while
rhonstnih Zhseg bimrufrad taver whatcwsils be ltpgicdiyt dchizyalio ispakeDDPA 20
I nterchangeability and device flexibility is

lalvmce aThidl,is a8 beddysd eheagpippabmt ekbwiRaf Bfgarsel iafd NOY which the
made to Figure 3, which depicts various details of the
BfaAscéDrer 10 is composed, with the exception of the BCA 40 and associated connection

lines 46, are typically configured for operation in transmitting and receiving shortwave
optical signals, not longwave signals per embodiments of the present invention. Use of
such a shortwave-related component configuration is advantageous for longwave optical
signal transmission and reception in that it minimizes manufacturing costs by enabling
one prevalent design to be employed for transceivers of shortwave operation and
transceivers of longwave operation. As such, inclusion of the BCA 40 in a low-cost
transceiver design originally designed for shortwave communication enables longwave

optical transmission and reception capabilities while minimizing manufacturing costs. In



configured according to one enbodi nent. As shown in
Figure 3, in one enbodi nent the BCA 40 can include a

wo c@rgexsis ect transistor ("FET") 50 having a PCT/US2006/025333
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correspondi ng source ("S"), ggt e ("G'), and drain

("D'), as indicated. In the present enbodi nent, the
drain of the FET 50 is operably connected to the

negafidny @oRpdRhd tfertASLAbLILAE HGRA NeAiBBLSR MbRafCasOfhay be
the connection |lines 46, while the gate i's operably
capnesder to the LDCCOWP |ine 44 via another

connection |ine 46. The FET source is connected to
OROMRMee I nbWiRadeORf Figkhead | Qflich [daFickEarRls SEMANEDT 8% BCA 40
vol tage-control |l ed current source. Note t%at, whi |'e
OBl ¥RE aQordihElodin hBEdinhid I i Fi b &b o

3, ol%her af iocrellog-e é)go egt ?rlglnlgl S']ﬁ?s osﬁlg\t% EJ%E@@%%% éérgﬂ et'ljﬁeb%ﬁr%m the
eaplo e Y [ el : :

BPA N(ﬁganq;‘lclﬁ%] ;T gg& eﬁgct tfhnB6QY ; %‘T’?)Ofo P%Véngl % g%rfesa(gl’dmlgnsource

vol tage-contr current source

Eg‘g?t, g%’g (‘td) ’),tat}lﬁ dl(r]aQ% EWZ'I%%& SiteaY T %%t rrgsrer?tvegnil ggin?%t,ttllﬁe:dmin of

as’'note ov ranscel v SI'm
t iver 10.shown.in Eiqure.1l and but . wi t hqut e.
F{lﬁﬁ*gg%'to )}Sb Opela 139006P%C(§eud(r:]t8 %he X 6’5?'18/)%}? 1 sef pias 31gn28 lIllne g? via one

VITELT GRS AL T T e
DR B SBPert SR DB LTt 1L Y,

nananet ers), same transceiver can produce .
RS SRIL @Wt@% e ani VBHAE-CarAD SUFeTB ez, Note that, while
nodul ati o urrent given the | ower inpedance ty?ica[
O BRI et BEnsT s MRS BETe pritiheidiebhelde: Fgistor types
FET 50 or other suitable BCA 40 in the transceiver, as

i $AnpElsg e smployedps the Battindppridiag e veliagersentelisdichment source for
| aser bias current to_ approximtely 60 mA, which,

t g dsrie?S, Wi pdflitiqnetodhe iprerrad Bifs stirem Peaided iy, the $DPA 20, as noted
sufficient for |ongwave optical transm ssion rates of

- 12b@h¢-t / sec. Ethernet up to approximately

2CGbi t/sec. This higher bias requirenent for a | ongwave

ed ganssaiven $imgan tadleg transceiver g lshowmomt Bgure i anhé it ghitbout the FET
threshold currents typical for these devices when
chpaicelly wiodhces hpprowanately Ve mtilliesberes ¢intA)| efdeses biaf\sumaent and
exanpl e, a typical 1310 nm Fabry-Perot type |aser may
heppeoxandttly elsh olAd nodolagort  cofreri2 S50 shdrtvBb €. apphcatians)tthd Maser bias
| Gb/s signal at 85C, a nodul ation

current being provided by the LDPA 20. For longwave applications (e.g., 1310

nanometers), the same transceiver can produce approximately 30 mA laser bias and about
30 mA modulation current given the lower impedance typical for longwave edge-emitting
lasers. Inclusion of the FET 50 or other suitable BCA 40 in the transceiver, as in Figure
2, for longwave applications boosts the laser bias current to approximately 60 mA, which,
together with the 30 mA modulation current, is sufficient for longwave optical

transmission rates of 1 Gbit/sec. Fthernet up to approximately 2Gbit/sec.



current of ~20mA may be required. Wen using an AC
coupl ed system this leads to a bias current at

whegrnmsny of |ife of 25+(20/2), or 35mA. For PADG®ES2006/025333
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emtter lasers, lifetinme is usually defined as an
increase in operating current “(or bias) of 50% hence
the bias circuitry needs to be capable of providing

5%Zhid MfgheNsih Lreligdmenb for tal IBASESE CBFe- élﬂgittﬁlfg 1Esieg WrBredlydOM&d in the
not include a processor-based controlle or

dhigBROditdskol@ el @ittd @Y pidal et HRBS defic&r Qﬁén tc&nﬁa%w G&fth shortwave,
manuf acturing costs. If desired, however, such

C h
N T R S

Cé 'ElﬁéHhBlﬁycuﬁQﬂfdf 94,8d.t & egyl Al n?anf\_ Wﬁﬁ atcgv? Iy qﬁiodulation

Indirectly viat

am%ﬁ{‘&f %On{ﬁbﬁx | aséhr 1r§<£3 ﬁ%g#\tuglg % Aka & &H n%gél% th% lga%s toa

provided to t ere ce s ne

Flslgé"&ﬁreﬁt atvﬁ{?%ﬁ&ng‘gf fet of 2§+ li)/l} ror%)g [KplF or & éﬁ emltter ?Aers Ohfetlme

as a neans bIras cur ¥

‘E&j\%ﬁag ncg:f ! gd nésgaﬁn %}cnpelgse 1ﬁ;pcrpe¥at1 g 6111;1%13 |(?fn@§5 a?@ﬁé N gl}ce the bias
tr.an sto 5 tor operably attached as
sﬁ“m 5o ﬁ?g‘ le?E@DE 5?% Aransistor 54 includes

W3E S S T e Efc?%é‘o@%?c BoiForrarbhe S o

er abl ected to t e ne R arity | aser

b%@% g oFiehdSOn i BHET of TEHES CORHCERTER PFnagt desied
46, mhlle the base is operably connected to the
Ll?ﬁéf@&WP SHShng CWC\?}P%C%B@( RBPlo¥sh e b insFrent; trpmsopsyer. THdso, in one

tter is connected to ground. In_addition, the
r%%‘?@t%ﬁm B LLPA S0 paninghudesritrabimegnigredie regie theisigals carried
l'ine 46 that extends between the LDCCOWP |ine 44 and
tReNp & 6P indisotly vigotha LRGEPMPSlinsr 44540 angt eontivhthe amount of
whi | e one bipolar transistor is shown in Figure 3,
dﬂﬁéwnﬁﬁmﬁépﬁwﬁﬂ?@ngpgﬂﬁhoﬁyﬁ@@r%&n al so be enpl oyed
n roviding a current-controlled current source as

CIBGA 1400w Thede i Figuteat, Whidndipstomother exgmiest thaBCrhe0 as a
BCA 40 of Figure 2 is, like the FET 50, configured to
preans dier ringdifooeg rlesat Hias tireent, aseprddy of onbieenTiOBineh® | I this
addition to that provided by the LDPA 20. In
pamtiodgudnathe BG40 esa skars H2amdifpes idcludeedbipolapsasBtor 54 and a
produce a
resistor 56 operably attached as shown in Figure 2. The bi-polar transistor 54 includes a

base (“B”) collector (“C”), and emitter (“E”), as indicated. The collector of the bi-polar
transistor 54 is operably connected to the negative polarity laser bias signal line 33 via
one of the connection lines 46, while the base is operably connected to the LDCCOMP
line 44 via another connection line 46. The emitter is connected to ground. In addition,
the resistor 56 is operably connected to the connection line 46 that extends between the

LDCCOMP line 44 and the base of the bi-polar transistor 54. Note that, while one bi-
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current fromthe voltage provided by the LDCCOW |ine
44, which current is then received by the bipolar

wo e@nsistdHr 50 and used to yield an anplified PUr/US26/025333

forwarded via the connectlonlélne 46/ | aser bias signa
line 33 for use by the | aser In this way, the
bi pol ar transistor functions as a current-controlled

dr @hsi QM SRDWHIn DAY ol gigkr BOW1L PRGEPHBS GHEIEBE elPloyed
tclj#erl asser 28. Tﬁlg |ésﬁ|n corﬁtrgit to tﬁe{yg§s 40 of Bloye

Fih ngﬁng meﬁthcdnﬁo@edvccahieﬁg@ure@ﬁtﬁ@bbg%oc urrent
source ef erence is now nade to |gure 5 I n one

Rty nﬁstQﬂUExfrﬁ{geﬁ PARNUNG) 4b5 E'2oﬂegk9|t}%nﬁET 50,

the c nnection |ine 46 between t outpu of

tc%ﬁ)f é‘t?g)db‘toz}gro Q bug ecuﬁ% gothéﬁare Pﬁle afd%e!@ flé 1& ggc&tlon to that

yl ng o posi t1one Per anp

ﬁ&%ﬁ%‘ﬂ% 2@}&%&%% e tegg oY 9113 Sita eydfs'o &8 Moduce a
TSR, LS L I, LBBCERTy o LA s s
ochewgfl éﬁgl I}Ezrcgi?rrtfq%glpt%ra be eFﬁSwB’ ﬁlataﬁgrrné tdI ci‘lgg't' otwarded via
SREL e PP Rl B mgy S el o o
ﬁasaoﬁ%%a'aﬁé’;g{ Rugions o CFE R Py RS B e pe p@wdmg additional

% rcuits. Reference s now made to Figure 6. In
SRR (9 e S Se RS 1% Reroptgst dafhe 1,80 g Figee Sopieich is a
source for bias current for the |aser. Figure 6 shows
Jigbpeerontolsdgurantisoce- wher ein a BCA 140 is shown

dlsposed on the PCB 11 of the transceiver 10. The LDPA

R ference idl @9 WnBafla te Figre i r buprg ympegdimppio @ kuifisy agplifier 60 is
| aser bias current, and as such includesno | aser bias
depiiennd abongribg cqnineasion linp 46 beteen the LBGACAMB output of the LDPA 20
configured to produce a |aser bias over both a

pod ithei BLeA AQ baving gs 4 mewns ftyi aawplifing. 6¥nt positigned, theibnferl@lifier 60
and negative polarity laser bias current signal line

583¢s tnhmedifyaasencesssdry dhpevadtbey legd vt thed.RCCOME ILRRA putput to a
28. In this configuration, the entirety of the bias

denet entighdrtypdieeddad ¢r s@BciestlypdddutedFHIy tifpelaBGAysistdr] ohother
can be conposed of one or nore transistors, such as

Rifable Boar aNonthef the haffBCAnplifier 60 can be either a current amplifier or

voltage amplifier, depending on the particular configuration of the BCA 40. The
amplifier 60 further enables the BCA 40 to be positioned on the “high side” of the laser
28. The buffer amplifier may be any suitable voltage amplifier commonly used in IC
circuits.

Reference is now made to Figure 6. In one alternative embodiment, the BCA can serve as
the sole source for bias current for the laser. Figure 6 shows such a configuration,
wherein a BCA 140 is shown disposed on the PCB 11 of the transceiver 10. The LDPA

20 includes no internal circuitry for producing a laser bias current, and as such includes



140 can still be controlled by the LDPA 20, if
desired, via a control line 142. Note that the BCA

waledaioiisesl here can provide bias current to onPgI/ES2006/025333
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single signal line, if desired. Also, in yet other
enbodi nents a proportional anount of |aser bias
current fromthe LDPA and the BCA can be selectively

des lagaaiacdurba sysellimes. BisteadBhd BCANPOLs EQiTighlc@\td Siolike a laser
to the laser. The present invention may be enbodied in

ObiAEbves PO d itive HERriW a8 Blas dBReH: tighal 1fnk B2 hhd n&flivd polarity
or essential characteristics. The descri bed

ehe Hid¥RAkSnt Al @alliheD83 CORiSH BRI ath bﬁll_:rﬂh}l anﬁéd%&P{oSthQ Pk 28. In
as illustrative, not restrictive. The scope of

| MERhEARatich, thE @ﬁﬁ@%% e mgg%ﬁah ¢t t@%laée? 83 ws&a@sﬁp the BCA,
claims father than by the foregoing description
CQH@Q @51 lséq%né)%%f%% Bll Bo{e%nml 1%n ﬁEfsag@% %{g)n of the BCA

equi val ency the clains are to be e race

t ﬂﬁ‘)‘ JanSHARE cor\@gﬁ%d loyc‘ tl%l ]ﬁf)ﬂ? %O 1? dg%IﬁAJl '\@a ;\' c trol 2R é {1&% a]I\Iote that

transcelver ans i erer op
clug1 ser cap oducij .
SHPIROF Ik Q%%Vﬁd%r. erRERRPoy R grBlerr e i Hoesiea
as curr

hat id .0 th
PG S e St G o o
f lif
e G R e LS
current s urce. 2. The optical transceiver nodul e as

JEPYHER ' Wi m 1, wherein the nmeans lifying is
c nnected in paral]el to.the first hias current

REgSenignVepfian gAY L%%qude%g 8@?’(/%’:3011% &me Wakoy depadpg from its
|n claim1, wherein the neans |ify (9 i's connected. )
2PITYLT epsrpiaicprgaciristitse Theclescriped 91@190 igentsrirg o) Be pengidered in all

transcei ver nodule as defined in claiml, wherein the
niesissts only as illustrative, not restrictive. The scope of the invention is, therefore,

indicated by the appended claims rather than by the foregoing description. All changes
that come within the meaning and range of equivalency of the claims are to be embraced
within their scope.

What is claimed 1is:



lifying is a second bias current source disposed
externally to laser driver. 5. The optical transceiver

wopaaloesas defined in claim1l, wherein the neaPGI/US2006/025333
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lifying is positioned on a printed circuit board. 6.
The optical transceiver nmodur®-as defined in claim 1,
wherein the means lifying is an integrated circuit. 7.
The optical transceiver mogy gnge defined in claim1l
wherein the neans lifying IS a voltage-controlled
currenf So%&?gﬁw§1rﬁﬁmﬂg}$8 1e. b ﬁ&%tter, conpri si ng:
a light source; a driver 1nc uéung it er nal circuitry
t hat provi first. bi current. to the |i .
sour ce; an%gﬁﬁgggwioﬁFgﬁF2?%%?%¥F%PdWﬁ§#wgﬁﬁggﬁ?%@”Wﬁ@mgan
first bk@ﬁscurfent provided to the |ight source. 9.
The odﬁ%%%l*??ansnitter as defined in claim8, wherein
the first bias current i.s anplified by a second bias ,
current thdt %Feg VSHH’&]élglngxatngfsﬁ Jrast %m)éwesoafwg?t. preyydes a bias
The optical transmtter as defined in claim9, wherein
t he fﬁ?@?n H&wzﬁfgkﬂpﬁﬁﬁgn%%?PBWF%“&P&a@%nbined bef ore
bei ng received by the |ight source. 11. The optical.
transmitt erne38S FEPA e I e daseh duiveRniy emplifiyies thegpies current
source is_a |laser configured for |ongwave optica
t r ans MTSYRHHO thedasepbiethe fisst bise carny equides a | aser dri ver
configured for either shortwave or |ongwave optica
transm-ssi drie oppcal fresceiyer meduls padafitpd ieelaigs Lolidreie ghe means
in claim1l, wherein the bias current anplifier and
t s amplifyingdy papagctegia pprobielite thedustdins gupywnit prveet. ci r cui t
board substantially within a body of the optica
t r ansm-t t erlhe @nticahtrensseéirerttheduls asdefined entlaiampl whdren thesmeans
operably connected to and controlled by the driver.
1®r amhletyoigtis cmbedtedarsnss tvoepinasf thelsanddvdarn ¢l ai m 12,
wherein the bias current

4. The optical transceiver module as defined in claim 1, wherein the means

for amplifying is a second bias current source disposed externally to laser driver.
5. The optical transceiver module as defined in claim 1, wherein the means
for amplifying is positioned on a printed circuit board.
6. The optical transceiver module as defined in claim 1, wherein the means
for amplifying is an integrated circuit.
7. The optical transceiver module as defined in claim 1, wherein the means
for amplifying is a voltage-controlled current source.
8. An optical transmitter, comprising:
a light source;
a driver including internal circuitry that provides a first bias current to the

light source; and



anplifier operably connects with an LDBIAS pin and an
LDCCOMP pin of the laser driver. 14. The opti cal

WO eaniomstis er as defined in claim8, wherein theCbhUS06/025333
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current anplifier is a bi-polﬁé transi stor. 15. An
optical transceiver nodul e comfigured for | ongwave
opti cal transnission conprising: a transmtter

opti cal gﬂfl%e&weﬂt le?fﬂa{ é?no;gft?ile% gxltelfﬁﬁlblafs cgﬁ%}tg%@ided to the

i ncl udi ng aser ecel ver subass
coupl egit 0, optical fiber; and a printed circuit
boar d ?% ?d@?%g a consolldated | aser driver/ post

a I|f t ) r I ovi de .
oo AL w@&wla?%ﬂ@}e?tr%?’ws
connect d to th aser dr I|fier
I%ffgd t Se&"‘% BroVEd eﬂ“’&ﬁs lé{a‘éﬂcf %ﬁ“ ﬁ’f 'r ent
to the di od 16... . The opti cal nsceiver dul e
as def | nedeﬁﬁ(@Pﬁﬁﬁ?ﬁ lﬁﬁﬁﬁﬁgﬁﬁﬁﬂﬁéhF? 1H@?PBé¥eéﬁﬁandS“mnd
ansi st or |s ed i arallel wth the circuitry
%‘af ﬁ”érelnﬁ%erco BE’F{%%]W ?ql‘fqdé’b’ theight $9E8i des t he
bias current. 17. The qptical _transceiver nodul e as
defi neb-i nn%‘Fé’PWfaigan% s fefinegdp elajp f + Veeip fthe Jight source is a
f el d- effect tranS|stor is operably connected to bias
op wateyed e leagivaveyopbipalt ??@Smﬁélé?a i Weargipdhe driver is a laser
nmplifier. 18. The optical transceiver nodul e as
d@erﬁ aenfigared ffor cathar showjstear FongwalreAphca) BRRITHFFIQRE t he
field-effect transistor is operably connected to an
LDBI AS%pi n T&e apHenl [tpgemittar as/definpdn claimpllil f whereinghel bias current
wherein a source portion of the field-effect
t praplefics pegd the lseeveitarg pestiinred e al ptiged cipmitdoard substantially within

a body of the optical transmitter, and wherein the bias current amplifier is operably
connected to and controlled by the driver.

13, The optical transmitter as defined in claim 12, wherein the bias current
amplifier operably connects with an LDBIAS pin and an LDCCOMP pin of the laser
driver.

14.  The optical transmitter as defined in claim 8, wherein the bias current
amplifier is a bi-polar transistor.

15, An optical transceiver module configured for longwave optical
transmission, comprising:

a transmitter optical subassembly coupled to an optical fiber and including

a laser;

a receiver optical subassembly coupled to an optical fiber; and

a printed circuit board including:



19. The optical transceiver nodule as defined in claim
18, wherein the optical transceiver nodule is

waeoniziogpsied as an SFP nodul e havi ng a data rat BCDUSZ06/025333
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| east 1 G gabit per second. 2Q. The opti cal

transcei ver nodul e as defined’rn claim 19, wherein the
bias current and the additional bias current are

provided on a cQnpRLRA LLRELWE We) .

of a distance between t%ea%gsergﬂarogﬁlaéjlﬁl%g%gﬁ%ﬁ%ﬁlpéﬁ %rrcumy fo

and the 'a%ﬁg?efnal‘a'aS,m?fgl?tﬁﬁélﬁ%e}' lglqdwscei ver nodul e as

defined in I'n¢lhudi ng a buffer

anplifier dispos . n the bi | oop cont .ol .
circuitry and t ﬁgl%ﬁ)%%e\éfg?l?g%{ OP‘?%@% icg’frgeﬁegf? {h‘f’ﬂ%ser driver/post
optica] transceiver, nodul e as defined in claim?21,

wherein t heamlpggeérran&rclo USSR ¥ "’fdéif'noﬂ]?c?cql?focé‘gem to the laser
control cirgcuitry to regul ate operation of the

field- effeéll0 ransistor. 23. The optical transceiver
nodul e, as fined in claim?22, wherein the bjas .

curr en® pr F&EEC%)Va?%@V?rég%jﬁll%?Si dréped Bstiaigingy) ihersin the field-
i n¢ludes. a positive polarity bias current portion and
aef?f‘éb‘a%qsv@f FeaRseieg thpayalled with & et job e lasardriysepest amplifier
the field effect transistor adds the additional bias
cptREpYidesdhe Hes (HEigRk i ve polarity bias current portion.

24. An optical transceiver nmodul e configured for )

| ongwaVe optf ©Rbcal rtepcsives meAule e risfinedt fgelaizn 16, wherein a gate
transmtter optical subassenbly coupled to an optical

f pasaon efifbe fieldietiastingnsistpras eperatdy penmedtedio Wgstlpapadontrol circuitry of
subassenbly coupled to an optical fiber; and a printed

ctbe dagertdriyerdrogt 4midifigdi ng: a consol i dated | aser

driver/post anplifier that provides a nodul ation

cur r entd. t o Thhepticed éranscaiver mobilass defimednit cdaigpl 17 ivderein a drain
separate fromthe | aser driver/ post

portion of the field-effect transistor is operably connected to an LDBIAS pin of the laser

driver/post amplifier, and wherein a source portion of the field-effect transistor is
operably connected to ground.

19.  The optical transceiver module as defined in claim 18, wherein the optical
transceiver module is configured as an SFP module having a data rate of at least 1 Gigabit
per second.

20. The optical transceiver module as defined in claim 19, wherein the bias
current and the additional bias current are provided on a common path between at least a
portion of a distance between the laser driver/post amplifier and the laser.

21.  The optical transceiver module as defined in claim 20, further including a
buffer amplifier disposed between the bias loop control circuitry and the field-effect

transistor.



anplifier, the bias current anplifier configured to
provide a conplete bias current to the | aser diode.

wQ@20070be81Hpt i cal transceiver nodul e as defi nedP¢TUSI086/005333
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24, wherein the bias current 1%an ifier includes a
transi stor. 26. The optical transceiver nodul e as
defined in claim 24, wherein the bias current

anpl i fiZ.erThiesong?? Irt?a?g%énfép ﬂ'ﬁ%ﬁ]ﬁeﬂ d@intd%y LRRE™1. wherein the laser

driver/post anp such that operation of the

ClttvepBbst & gi%ﬂ'eﬁlage;st c%ﬁaatr{%lﬁflftﬁliér{g/é{ot foBlib¥ pOREELLE B Rla-etfoct
transistor.

23.  The optical transceiver module as defined in claim 22, wherein the bias
current provided by the laser driver/post amplifier includes a positive polarity bias current
portion and a negative polarity bias current portion, and wherein the field effect transistor
adds the additional bias current to the negative polarity bias current portion.

24.  An optical transceiver module configured for longwave optical
transmission, comprising:

a transmitter optical subassembly coupled to an optical fiber and including

a laser;

a receiver optical subassembly coupled to an optical fiber; and
a printed circuit board including:

a consolidated laser driver/post amplifier that provides a
modulation current to the laser; and

a bias current amplifier separate from the laser driver/post
amplifier, the bias current amplifier configured to provide a complete bias
current to the laser diode.

25. The optical transceiver module as defined in claim 24, wherein the bias
current amplifier includes a transistor.

26. The optical transceiver module as defined in claim 24, wherein the bias
current amplifier is operably connected to the laser driver/post amplifier such that
operation of the current amplifier is at least partially controlled by the laser driver/post

amplifier.



