1 LASER MONI TORI NG AND CONTROL I N A TRANSM TTER OPTI CAL SUBASSEMBLY HAVI NG
A CERAM C FEEDTHROUGH HEADER ASSEMBLY 5 The Field of the Invention The
present invention generally relates to optoelectric systens and devices.
More specifically, enbodinents of the present invention relate to a

transi stor header assenbly for use in an optical transceiver nodul e,
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As with the design of most any system, there are engineering tradeoffs that

often have to be made when implementing fiber optic systems. For example, the size

and modularity of components must often be balanced against the need for additional

space to accommodate heat dissipation and circuit monitoring components. While it

20 is desirable to minimize a component’s size, some configurations have previously

limited this minimization due to their inherent characteristics. For example,

previously many lasers used in fiber-optic systems that have the characteristics

needed for long-distance transmission and/or dense wavelength division multiplexing

(DWDM) generated amounts of heat that could not be dissipated by some smaller

25  package sizes. Further, smaller package sizes have a limited amount of space

available for mounting and connecting additional components such as thermistors,
monitor photodiodes, thermoelectric coolers, or impedance matching circuits.

Regarding smaller package sizes, it is desirable in fiber optic systems to use

modular components so that a system can be created in a compact area and with as

30 little expensive customization as possible. For example, many fiber optic systems are

able to use modular transceiver modules. The modular transceiver modules include

an input receiver optical subassembly (ROSA) and an output transmitter optical



subassenbly (TOSA). The ROSA conprises a photodi ode for detecting optical
signals and sensing circuitry for converting the optical signals to digital
signals conpatible with other network conponents. The TOSA conprises a

| aser for transmtting optical signals and control circuitry for

nodul ating the | aser according to 5 an input digital data signal. The TCSA
has an optical lens for focusing the lighR signals fromthe |laser of the
TOSA to an optical fiber. Additionally, the transceiver nodule includes
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standard, attention must be given to what components are selected and how they are

20  configured so as to not exceed the rated power consumption. These devices are

constrained by principles of semiconductor physics to work preferentially in a certain

temperature range. The module power dissipation and the package size and materials

uniquely determine the module operating temperature for given ambient conditions,

such as ambient temperature, airflow, etc. The resulting module operating

25  temperature determines the types of optical and electronic components that can be

successfully operated within the package. One such package is known as a transistor-
outline header, otherwise known as a TO can or TO.

Transistor-outline headers are widely used in the field of opto-electronics, and

may be employed in a variety of applications. As an example, transistor headers are

30  sometimes used to protect sensitive electrical devices, and to electrically connect such

devices to components such as printed circuit boards (“PCB”).



cylindrical nmetallic base wth a nunmber of conductive | eads extending
conpletely through, and generally perpendicular to, the base. Wth regard
to the netallic base, the size of the base is often sized to fit within a
specific TO standard size and | ead 5 configuration, exanples of which
include a TO5 or TO-46. The |eads are hernetically sealed in the base to
provi de nmechani cal and environnental protdkection for the conponents
contained in the TO package, and to electrically isolate the conductive
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conductive | eads it T§seinée 1tREH qon%tfmﬁay Hansaster thepadeas |ofte opmisist «af a

directly to g ?ndﬁl%glhgl% Ric Ye! QHE Oc;f gﬁ}]ﬁh&ﬁ%a%(ri@s @H&}lg c8191pfé@eq%3i de

of the base o and connect nerafrly, cap is
used to encl tseughhend |gehn£raiiy pérperahigdar twhémebasmc Nvldemgaﬁistoanhe nnmalht @dse, SO as

to forma ch nber t hat _hel ps preve ont m nat i | e.to 0S

devi ce(s). S%ee%h&l é’a%% ‘?iégetnesrl?erséttioc‘g ‘ﬁ’ft P HeSREH! clgéa? ﬁ‘% ﬁ?al ly
relate t05theo kitoal iRBmpRd bheviR@ tihQudara deykcer behng. ot ‘f‘éids %ethe
base of the header. By way of exanple, in applications where an optical

device is rbematiealy éﬁalﬁéi inghabest Erprovide eechenicaltdnd wponmelaal pogestion

partially trapnspar qQw ap o |caI S|g I eerat

optical devi g‘% @% ‘gogri I%O?%rllté moe ?‘ &% Fom't ﬁb é}{@gg’g i%ﬁt@é:gl bﬁf%tglqﬁﬁ'o
packages ar ee@i@@tﬂmdmﬂs asori thel ametaldio SmateHalAbf hnwghset r anpicaller oheadehe have
proven usefulmﬂt ﬁgec configurations nevertheless pose a variety of

unr esol ved pFPYBiusie leadsis »erovgd Heafﬁlr’ili‘ﬁ'l B brf’él%{“écaué’r}@@il?qt@aﬂllf?ﬁﬂb’dotth@

physi cal ;gonfjguration and disposition of the conductive leads in the
header base. As an exanple, various factors conbine to conprom se the
ability to preci ¥ehiyuctypes of d¢eheesedre mtauintedl oni ompeside of tiod batshe)fghahsdd’éet al

f eedt hr ough, i cal.. bond hetween th condu |¥g1 | ead and

t he header b%%‘g ?Pé’ltegtﬁi :ESCI’ ?heé%%&) u(csfFPer?IQ’elao“tapﬂ% U0 qng %ﬂ%f'r% ediasgel y

limted numb@herf S@Ylaﬂé\a@sea&hﬂioﬁﬁédwsé hist @SRGRT at Gnantthee HiHE £'p 8fent he
conductive |eads that are to be enployed. Further, the range o él electric

val ues of theomaminatien gr dawageyioi thasd geveeni)oyB Smcnﬁhséleractmﬁmq;mfahe cas | S

| ) he diss d
[ cads, 1 12 nadtaedobbne bt ROBRGE by R Beshe T BB RO o

the positi onoﬁ)thetHaee bead hmdeh By Q&?%@%xélﬂpl% hia abpliakehs ﬁﬁér@ ah Rpti& db@asler
base. 4 Yet other problens in the field concern those conplex el ectrical

and el ect r onisceqaesd; tods meunted e therkeadernthei caplinptelgass padially dranspaomiee té ons
to function piQaPGH I0¥t1cal signal generated by the optical device to be transmitted from the TO

package. These optical TO packages are also known as window cans.

20 Although transistor headers have proven useful, typical configurations
nevertheless pose a variety of unresolved problems. Some of such problems relate
specifically to the physical configuration and disposition of the conductive leads in
the header base. As an example, various factors combine to compromise the ability to
precisely control the electrical impedance of the glass/metal feedthrough, that is, the

25  physical bond between the conductive lead and the header base material. One such
factor is that there are a relatively limited number of available choices with respect to
the diameter of the conductive leads that are to be employed. Further, the range of
dielectric values of the sealing glass typically employed in these configurations is
relatively small. And, with respect to the disposition of the conductive leads, it has

30  proven relatively difficult in some instances to control the position of the lead with

respect to the through hole in the header base.



Typically, attributes such as the size and shape of such devices and their
subconponents are sharply constrai ned by various formfactors, other

di rensional 5 requirenents, and space limtations within the device.

Consi stent with such form factors, dinensional requirenments, and space
limtations, the dianeter of a typical header is relatively small and,
correspondi ngly, the nunber of |eads that4 can be disposed in the base of
t he header, sonetinmes referred to as the input/output ("1/0') density, is
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particular, the relatively small amount of space on the base of the header imposes a

practical limit on the number of components that may be mounted thereon. To

20  overcome that limit, some or all of any additional components desired to be used must

instead be mounted on the printed circuit board, some distance away from the laser or

other device contained within the transistor header. Such arrangements are not

without their shortcomings however, as the performance of active devices in the

transistor header, such as lasers and integrated circuits, depends to some extent on the

25  physical proximity of related electrical and electronic components. By minimizing

the distance between the lasers and integrated circuits to the additional components

required for impedance matching, the inherent transmission line between such

components is minimized. As such, placing the components in close physical
proximity reduces reflective transmission line losses.

30 In addition to the above, further challenges are faced when certain functions

are desired to be added to the transistor header. In particular, it is beneficial to

monitor and/or modify the character of the optical signal that is produced and emitted



Wi thin the TOSA during operation of the optical transceiver nodule. If
these | aser paraneters are actively nonitored during transceiver
operation, adjustnment can be 5 nade to the |aser device to ensure its
proper operation. Mnitoring of |aser device paraneters such as power and
out put wavel ength is typically acconplished using one or nore nonitor

phot odi odes ("MPD'). In the case of |aser power nonitoring, a single MPD
is often used, while wavel ength nmonitoring typically requires two MPDS
working in concert. In either case, it is desjrable to 10 |ocate the_ one or
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In light of the above discussion, a need exists for a transistor header design for
use within an optical transceiver module that overcomes the above challenges. In
20 particular, a transistor header is needed that enables a relatively greater number of
interconnects to be established between the header interior and devices located
outside of the header. Such a solution should also enable the utilization of monitoring
devices, such as one or more monitor photodiodes, within the transistor header
assembly to optimize the operation of optoelectronic components, such as a laser

25  device, located therein.

BRIEF SUMMARY OF THE INVENTION

The present invention has been developed in response to the above and other
needs in the art. Briefly summarized, embodiments of the present invention are
directed to a transistor header assembly that includes various features directed to

30 enhancing the reliability and performance of various optoelectronic devices, such as a
laser, that are located within the header assembly. In particular, presently preferred

embodiments include a header assembly that enables the incorporation therein of one



t he header assenbly within predefined formfactor restrictions. In one
illustrative enbodi nent of the invention, a transistor header is disclosed
5 having a platform extendi ng through a base of the header. The platform
includes multiple stacked | ayers, wherein each |ayer defines a plurality
of specified conductive pathways that extend through the header base to

i nt erconnect optoel ectroni c devices disposed on a portion of the platform
i nside the header with other conponents disposed outside of the header.
The nulti-layer design of the platformallow not 10 only for a relative
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wavel engt h oPartinearlyghtone eeesenibupiefasipdertbodiment the multi-layer platform provides

for the placement of one or more monitor photodiodes within the header assembly to
monitor the operation of the laser device. Parameters of the laser that can be

20  monitored and/or controlled by the monitor photodiode(s) include the power and
wavelength of the optical signal that is emitted by the laser.

To monitor laser power, a single monitor photodiode (“MPD”) is located
within the header assembly on a submount that is operably attached to the multi-layer
platform. The MPD is positioned in close proximity to a laser, such as a distributed

25  feedback laser, that is also located on the submount. Back emission of light from the
laser is received by the MPD, which then determines the power of the laser output.
Adjustments to the laser can then be made based on the measurement of the MPD in
order to optimize laser operation.

To monitor laser wavelength, two MPDs (which together operate as a

30  wavelength locker) are located on the submount in close proximity to the laser. Back
emission of light from the laser is received by both MPDs, one of which includes a

wavelength-dependent filter. Each MPD produces a measurement signal according to



A ratio conparison of the two neasurenent signals produced by the
respective MPDs vyields the wavel ength of the optical signal being produced
by the laser. In this way, 5 any needed nodification of the optical signal
out put of the l|aser can be determined and performed to optim ze the
quality of the signal. In either 'of the two cases above (i.e., single or
doubl e MPDs), nultiple electrical intercbnnects passing through the header
assenbly are needed in order to provide the necessary el ectrical
connectivity of the MPDs. In accordance with the 10 present invention,
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nbly. This. ultinatel lts | h d f ot_only for the
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the optical swpassRABhYiEOMoAI 3T thE oFiyi'&l [@%ﬂpéutﬁﬁts@ﬁmkﬂase?@% bt RBteARinkg 2l

transceiver as a whole. Alternativel he header assenbly can be enployed
in other el eét¢ perfameddkapfanizomtia quatitt ¢fchesigealch as transnmitters,

receivers, trans S tc. These and ot.her .features, of present
invention will beglg%%ﬁ%ro%%?euwgl “50 %ﬁﬁ’gr kRp sfu%%?notrh(gou%)gel Wsﬁgmu?tlp%

descri ption akdirpprdeshnettaipabsin®throwph e Heeddr nesknibly atd'BeddedGh ioeder @6 t he
invention as set forth hereinafter. BRI EF DESCRI PTI ON OF THE DRAW NGS To
further cl ar PIOidendedIseeasanrRiccsusnb conppetntin g6 shaalNd Dse alnupessrdsncs withghesent
inventio a : 0 : i Dtd - I I ' N ered
by 1 of er anco? ot AR b iEREkhL: @0 rolul BN Rl I bk RGISRET

t he appendedphitfawhndgsignl s disclagdr eareiat &dhidhhddsigohpeoeidis amltiple depiahectsl y
typi cal enbodi nents of. the inventign an re.therefare .not to be ..

consi dered | g?ﬁ“@f”ﬁ&“&fmf gl 10ggion _po% Sioﬂ\t/l'é@ﬁ?qagﬁ W?Wﬁﬁé” THHoUE EOMROHISIAY

expl ai ned wi tHe gigdélirédu9dimhs SiFeGk fHeaddrVass&fbldet @hiks dIBmaksN rdsiBs %8 €nRinctde
acconpanyi ng drawi ngs in which: 30 Figure A is a perspective view

i |1 ustrati ngPoaprmanse wheeitly f thhehepdor @ssenibdie angdf optnelesteonit anoynpenbwsli ment
of a header Ly 8 Fi | ective.view,illustratin
var i ous dpedraonp el St BBl SBBFERT b FkidstteRb b ng
header asseniiley ppiidal uraiseAvdrSasa ap@hSIPEC tltéenavilvely, ithd heddeat dsBEnIRr é@UBe
aspects of the device side ) . ) .
employed in other electronic package configurations, such as transmitters, receivers,
transponders, etc.
These and other features of the present invention will become more fully
20 apparent from the following description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
To further clarify the above and other advantages and features of the present

invention, a more particular description of the invention will be rendered by reference
25 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:
30 Figure 1A is a perspective view illustrating various aspects of the device side

of an exemplary embodiment of a header assembly;



of an alternative enbodi nent of a header assenbly; 5 Figure 2B is a
perspective view illustrating various aspects of the connector side of an
alternative enbodi nrent of a header assenbly; Figure 3A is a perspective
view illustrating various aspects of the device side of another
alternative enbodi nent of a header assenbly; Figure 3B is a perspective
view illustrating various aspects of theS8onnector 10 side of another
alternative enbodi mrent of a header assenbly; Figure 4 is a perspective view
of atransmtter gptical subassenbly having a header assenbly confi gured
in accordance wi tﬁlgHFf‘oUﬁé? aé??ﬁ??&?%n‘(le\i‘ffﬂl’tl%@“ﬁgé@@ﬁtls asneets it g%cormegt@re 5A

is a perspecglaggféﬂ arly REIBBRUEE o5 REMR) YssSABT r| sing part of the 15
Sl

transmtter optical own I n Figure Figure 5B is a side view
of the header assE@teyZAfls ElpgupectfyAwd%v dlustatfio vmws;aqves]:seccﬁthwdevdbesﬂdaf t he

header assenb Figure 5A w circul ar base renoved; Figure 6B is
a top view O?’}%’%ag ‘%8?@8@%?%%?%@?@???@“ X: 20 Figure 7 is a top view

of one |ayer of tpRgufbBiis |a6}5é?§pe@tﬁ\%t‘5l%mlﬁ§tra{u|ﬁ§ d&ﬁ@@ﬁspe@t%%ﬁrmé Y¥orfectok gur e
5A; Figure 8 is a top view of another |ayer of 'the multi-layer platform of

the header #ideefwi #tematwpgmbédmntP‘fgh%delgaﬁsembl}’per spective vi ew of a
header assenbly ap Peo%&ei"? Qﬁgﬁb&glvezg R{gﬁ’gtn I%ﬁ'lg ulé Iaitlacf:r(]:% (Bftfl% ]de\El Sside

transmtter optica asse i"ren ReSbF esent
i nvention; Fo@mro&leialterﬂata/éenﬁiﬁ)d\maw@‘ahbmrhgaﬂﬂy,assenbl y and subnount of

Figure 9; Figure_11 |§ a close-up view of a portion of the header assenbly
of Figure 10, shB&PHg3R4s @d%fgspsﬁf‘@ewsw}lawémsaﬁﬁeﬁ%m@m o€ dbe gomiscioRe

submount 1@0096%%0&&&3@111@1&&ﬁgﬁg%@iﬁmfa%?&é?%sﬁﬁﬁwm invention;, 9 Figure

12 is a perspective view of a header assenbly and correspondi ng subnount
conprising part oFlgreMamametspecnlvepnewa)lf astrassttarbipyicacambagdemylyt leavaned her

T I et A N T TR R EN T e O
certain opt Oﬁﬂv@ﬁ:ﬁd’n@nl Cc conponents.
Figure 5A is a perspective view of the header assembly comprising part of the
15  transmitter optical subassembly shown in Figure 4,
Figure 5B is a side view of the header assembly of Figure 5A;
Figure 6A is a perspective view of the header assembly of Figure 5A with the
circular base removed;
Figure 6B is a top view of the header assembly of Figure 6A;
20 Figure 7 is a top view of one layer of the multi-layer platform of the header
assembly of Figure 5A;
Figure 8 is a top view of another layer of the multi-layer platform of the
header assembly of Figure 5A;
Figure 9 is a perspective view of a header assembly and corresponding
25  submount comprising part of a transmitter optical subassembly according to one
embodiment of the present invention;
Figure 10 is a side view of the header assembly and submount of Figure 9;
Figure 11 is a close-up view of a portion of the header assembly of Figure 10,
showing various optoelectronic components located on the submount according to one

30  embodiment of the present invention;



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Reference will now be
made to figures wherein |ike structures will be provided with |ike

ref erence designations. It is understood that the draw ngs are

di agrammati ¢ and schematic representations of presently preferred

enbodi nents of 10 the invention, and are not limting of the present
invention nor are they necessarily drawf to scale. Figures 1-13 depict
various features of errbodl ments of the present invention, which is

generally directe ﬁ roved header gﬁssen‘ol y that per m ts enhanced
functionality of é"n‘ts PFEPERE YIREr @4 A hepderpassemplyl apd 0915%?8{5@111%
enbodi nent s gﬁbn;lfélttlgg LE86 bt [ ough
structure that | Snl ntrggr at g% T df\ée@&smtg %ﬁwﬁgengl}dtw aclc@(lﬁ{ | n snma ]{%
form factor embpdiaient oﬁathspmsmﬁnn\rmdmh emd The nmul ti-I| ayer confl guration of

t he feedthrough e able a significant expansion o 0 t he er and
types of el ec'?ro E ﬁ@ﬁ? gP Y %p8§1°[5‘0%{ theg ﬂ&’ fﬁ?%rﬁe eader
assenbl y. s | ndiggeng lvﬁh@fseféﬁmeh Vi BirRies 588 eQPRRIL MBI neatsONe or nore 20

nmoni t or phot odi odes are Iocat ed vvlthl n the header assenbly to nonitor
various par anet ePETHLED|RDES OROF bt PREEERRED BMBSHAIMENESe (s) and
the | aser device ar C nent sub unt ,...which Nt ur
electrically conngc 65%4 ? @Elﬁqlog’nb?t ay%r ' r = I%é(ceaﬁtg%cugfs tvﬁg be "

rel atively hpgividednbih like efeeaice dignaticiiser os nﬂﬂéﬁtdbﬂot\hhtdﬂié dwirdpe are

mul ti-Iayer gl atform the inclusion of one or nore 25 Photodl odes within
the header aS@gAFIRLAMhehaMals ferresnishens oh PESeHLY: Prelarsd egmbodapents of s
facilitatgd. ;mEinSerdtfdnt Wid afeSih iSitihp o?@lff@g&@gxt fihfhtiBh bt X . ﬂﬂe§ 'h%%gaq‘ﬂ er
design as well as in inproved contrfol eof In parti cu noni t or
phot odi odes dwwnde Smj@mt ed such that light enmitted froma back facet of

the laser is dete romt he ba facet,.the. 30
noni t or phot odi od %‘5‘?‘? I#E%He%?t é’uf)g%ﬁé?es ?ff‘?rﬂoléodlnﬁglgfo gierﬁrF%‘?P { jpvention,
wavel engt h | qalkedr is(geasmily diReted ith aANghpeiRAMNABEH assemblyi tRAtSpertRYichRinced
phot odi odes) can use light emtted fromthe back facet to nonitor the 10

wavel engt h ahHcBenabigief compansats| disnesed theeeinuln partieylar, veneds guibatditnonts of t he
f eedt h h | e £s t t t
bhot odi odgs HerHEREE MiGhbbE LBRSE RaRML AR, fARIEANAGRLTed faP § BlderlTBE" * O

embodi ment , Wik thealdedera@&ﬁ‘l’dbj/ Yoroiset iesnfulEfoRit facidy @ptital ranSceieifhediiad S

for use V\“hlrﬂ (i trapscei ver nodul es adhering to the XFP standard. At
the time em lt1 ayer contiguration of the feedthrough enables a significant expansion of

both the n}lmber and types of electro-optic components that can be positioned within
the header assembly. Indeed, in presently preferred embodiments, one or more
20 monitor photodiodes are located within the header assembly to monitor various
parameters of a laser device. Both the monitor photodiode(s) and the laser device are
located on a component submount, which is in turn electrically connected to the
multi-layer platform. Because of the relatively high number of electrical
interconnects provided by the multi-layer platform, the inclusion of one or more
25 photodiodes within the header assembly to operate in conjunction with the laser
device is facilitated. This in turn results in enhanced flexibility in transceiver design
as well as in improved control thereof.
In particular, the monitor photodiodes can be mounted such that light emitted
from a back facet of the laser is detected. Using light emitted from the back facet, the
30  monitor photodiode can monitor the power of the laser.
Similarly, a wavelength locker (comprising, in one embodiment, multiple

monitor photodiodes) can use light emitted from the back facet to monitor the



of the filing of this patent application, the XFP standard is the XFP
Adopted Revision 3.1, pronulgated by the 10 G gabit Small Form Fact or

Pl uggabl e (XFP) Multi Source Agreenent (MSA) G oup. This XFP Adopted
Revision 3.1 docunent is incorporated herein by reference. As used herein,
the terns "XFP standard"” and "XFP Multi 10 Source Agreenent" refer to the
Adopted Revision 3.1. These terns also r&er to any subsequent drafts or
final agreenments to the extent that any such subsequent drafts or final
agreenents are conpatible with Adopted Revision 3.1. 1. Header Assenblies
Ref erence i sWFYé%Itgt}ha%’é/qroPWQTupést ealagerd | The trﬁ‘é}gtﬁiéﬁr coiigertion) g5tthat e
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assenbly, designat e genera trat eg
header asseni q/chéml&vwlemtdhﬁdesated ses gedageral | y cyI | ndr| cal netallic base 10.

The base 10 includes t fl anges, 90, for bl curing the header 200
to a receptacle (Hot?® f‘]ﬁgt ehﬁ"tdﬁﬁﬁse’ingi?'eqaﬁﬁ?f% ‘??g(‘:rﬁ’éﬂtl }S CoRREHES y .
The base ganfhesé Qfﬁtﬁﬁﬂo;ﬁfcaﬂrﬁtﬁl&é& méﬁ\dﬂlé'shad%gnhé tcPfhe XIHNstRhdak®! ARkHQYme @S
wel |l as cold-rolled steel, Vacon VCF-2 oy, Kovar, or other suitable

mat eri al . Thef thadiéingof s patentcippteation, tber)@ﬁﬂ starpiaai issherXFD AdapesddR engsion

per pendi cul y thr th ho T

her et i cal | §§ ll ggatged ?%@eggﬁg’? ot %@8@1% q:%c aiﬁﬁl §T§b1§é%j’%%wtb§%ﬁ? al
prot ection fagrekﬂﬁnt QIBRPGenipsS THNKEP adbpied Ré\&sﬁ@ﬂaﬁkﬁm@m iCeicarpogated
materials may include, but are not 25 limted to, alumna (A1203) or

al uni num ni t 788 PAFRIFTenghe Aforifs igcigethe sEnseed b Handrade and “XAE Mk
pl atformy0 saneiggte%qlegv reelr%&tﬂe &ééﬂté/d RBVYLAB NOTALS g&ﬁsoaus%@ér tSGRY S-

Al ternatively, orm </ I'ncorporate two additional ceramtT
outer |ayer ssubnsecpieat:dnaﬁc at ﬁyah @meateetsttheh@mtemtrthatanycsudd sultsequent drafts bt s

second case, .a,net al raze_ or der be used to hernetically 30 seal
t he pl atfornﬁ%ag’é?etrﬁg ﬁé‘t%ﬂmt?i&ewﬁ?@ t8§ VP Er comes t he pri nci pal
shortcom ngs10f OHRR8&SAsseRIbRky their low strength, brittleness, and | ow
thermal conductivity. IT The platform70 is structured to house mul tiple

el ectrical conponBefetense ianfirst 16de @nﬂlwrﬁsl V4 aul il Betogethennwhichhidusisitede of

t he base Inthe Jlustrat derrbodl the ct|ved 0 co ses a
sem conduct o?erfpec Ve $he P ﬁ Ongopr{pseﬁeﬁtpre%ﬁfeg ?fvflrctkcqag%feasrsg%’ tors,

capacitors, m@gﬂafydug:etn@faaslyt f1a200ar & e dlvsRatbdlexngplel e Heddet Bgemblyrpegiance
of the laser with the conponent inpedance. As discussed in nore detail
includes a substantially cylindrical metallic base 10. The base 10 includes two
flanges 90 for releasably securing the header 200 to a receptacle (not shown) on a
higher level opto-mechanical assembly. The base can be formed of Alloy 42, which
20 is an iron nickel alloy, as well as cold-rolled steel, Vacon VCF-25 Alloy, Kovar, or
other suitable material. The base 10 also includes a ceramic platform 70 extending
perpendicularly through the base as shown. The ceramic platform is hermetically
sealed to the base to provide mechanical and environmental protection for the
components contained in the TO package. Ceramic materials may include, but are not
25  limited to, alumina (Al,O3) or aluminum nitride (AIN).

The hermetic seal between the base 10 and the platform 70 is created by
electrically insulating glass-to-metal seals. Alternatively, the platform 70 may
incorporate two additional ceramic outer layers to electrically isolate the outermost
conductors. In this second case, a metal braze or solder can be used to hermetically

30 seal the platform 70 to the metal base. This solution overcomes the principal
shortcomings of glasses, namely their low strength, brittleness, and low thermal

conductivity.



bel ow, inpedance matching circuits nmay al so be created by etching

el ectrical traces that have various capacitive, inductive or resistive
properties, on platform70. In addition to matching, conponents may have
peri pheral functions such as neasuring tenperature, sensing |laser optical
power or wavel ength, etc. As it is inportant for a 10 sem conductor, |aser
to be precisely positioned perpendicularlly to the base 10, platform70 is,
therefore, precisely positioned perpendicularly with respect to the base
10. Where active device 60 conprises a sem conductor |aser, a snmall

devi ation in theTheplatiosn Fis stpstyeeddeJiosse woltiplneleettigalicompopeiage and can
cause a larg iat.l: i t el i h ]
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providing a stable and 20 geonetrically accurate surface for mating with

t he pl at f or nbelowe ippedaher makbinggitchgs mayclsedes creatied ibyl @clehe electrical traces

i sol ated conguctive at hways..110. ext endi ng .t hroughouyt the platfo 0 and
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el ectrical ceddiged tORBIARRE $6ADYnenREINE BBvEb&GIHetL FindlioM: 6&h A mEeATRARENt S
| ocat ed t hroughout the platform 70. The 25 conductive pathways 110 form a

connect or ontenpReratyteq gengnetlater wREeal tpedier @bawvelereth ¢fel Aeié is haperanit donduct or
| aser 60,,al T d erei St he e e | e e.
Note i n eonneareOnRLIland RF 8 Bl Fos ARACERn R0 . 10l GEREF,
active devi cela6drm §0lig¢latrefdraypyecisalysmnitionad papeebclialy witk réspdctito theage N as
the "device 1$i de" of the base. 30 The connector forned by the conductive
pat hways 110°f's used to electrically connect the header assenbly 200 to a

second el ectri cal whbasaRReYice $8DnRPisés PEdnib&fiucHr 481 b o ﬁr&viaﬁgh@ﬁr

directly (for exanple, by solder connection) or indirectly by an 1
i nt er nedi ar yth¢enastongfcitivs devidd @it irelaton 1ot ede d0 rcemiicause Bhlergsateviatinoic t or
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various conductive pathways 110. In this way nunerous
the base material, as shown on Figure 1A. The vertical pedestal houses the photodiode
30 in the embodiment shown in Figure 1A. Such feature can be machined, stamped,
or metal injection molded directly with the base thus providing a stable and
20 geometrically accurate surface for mating with the platform.

The platform 70 further includes multiple electrically isolated conductive
pathways 110 extending throughout the platform 70 and consequently through the
base 10. The conductive pathways 110 provide the electrical connections necessary
between electrical devices or components located throughout the platform 70. The

25  conductive pathways 110 form a connector on that side of the base that does not
include the semiconductor laser 60, also referred to herein as the “connector side” of
the base. Note in connection with the foregoing that the side of the base where the
active device 60 is located may in some instances be referred to herein as the “device
side” of the base.

30 The connector formed by the conductive pathways 110 is used to electrically

connect the header assembly 200 to a second electrical subassembly, such as a printed

circuit board, either directly (for example, by solder connection) or indirectly by an



conductive pathways 110 may be constructed for use with vari ous conponents
di sposed on the platform 70. Generally, the layers are electrically

i solated fromone another, however various conductive pathways 110 on
different |ayers may be connected by a via such as is commonly known in.
printed circuit board arts. 10 Further, the conductive pathways 110 can be
shaped and pl aced such that they have cbhtrolled capacitive, inductive, or
resistive effects to create wavegui des such as a mcrostrip or stripline
(cpw, etc.).., For exanple, know ng certain characteristics  about the .

mat eri al s us@éﬁmﬁ&ﬁﬁ(ﬂgwq w&h@aﬁ%tlf&trlwnwéé [ays  The semigondretordessr 0RIis of
the various LgyaESIOboritiel!18tthoelBcifal Q&ﬁg&ﬂeﬁtselj@%ﬂﬁ'l%l vid e CoRacaye be
constructed by 15 appropriately configuring the conductive pathways 110. In
this way, a pathwaysild®ion |ine with known characteristics can be created

for use with acti devi ces, 60 attached . to th |atform 70. not ed
above. by mat chi nihs REHEISrcPer AP e ORspe FHITI RafRer P egieoh et e Soitct ed
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70-Trom the GohELpH e PREISSIACLEINEHERGR aldMEGRRR i OelMon? oft
mat chi ng conpignf howsvel variowst eddattivenpit@sdld iIng om differesy 10¢8r aldy bércuit
performance. In fact, previously due to the |ack of adequate matching
circuits, 25COBEFtedRY AyHSSUCH @) ISHORENQT Y KRR mprﬁé%@r@ltﬁw@ Ben limted to
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the platform 70, applications up to 4 /s or re can be 1 npl emented.
Wi | e the prenediongoliesapagtivegmndatveios cesssiod effetts Wecrdate ivoasgBles such es ns  of

| asers, it should be noted,.that th ransm ssion.lines nay.also be.f.orned

stch that a8 SHCETENPIEIFE G107 b o SERIC SHATE BTy et
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directly to a |l aser, such as in the case of B | asers. Alternatejgilg t he
Yy
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mat chi ng t r algdrivith ikadwhich&actdffan da® Be thatdd Fadudenpigidanise delictde0 agdched
devices attached to the platform 70. 5 External conponents, while still
useful, are Wothg @atformg70; mfédé‘ﬁtf’é ﬁlﬂftV@hin matching the characteristics of the

transmission line connected to active devices 60 with the active devices’ 60 load
impedance, electrical reflections that cause transmission errors and lower power
20  output can be reduced or in many cases eliminated.

By constructing a transmission line that matches active device 60 impedance
on the platform 70 from the conductive traces 110, the need to add additional discrete
matching components is eliminated often resulting in better overall circuit
performance. In fact, previously due to the lack of adequate matching circuits,

25  applications involving transistor headers have been limited to 10 Gb/s. With the
improvements of using a transmission line constructed on the platform 70,
applications up to 40 Gb/s or more can be implemented.

While the preceding description has discussed active devices 60 in terms of
lasers, it should be noted that the transmission lines may also be formed such that a

30  matching circuit for other semiconductor devices is constructed. For example, the
transmission lines may be used to connect directly to a laser, such as in the case of

DFB lasers. Alternately, the transmission lines may be used to connect to an EA



because they often represent an additional |oad that nust be driven by the
power supply driving the el ectronic conponent, such as when resistors are
used to match the active device 60 | oad i npedance. Additionally, although
t he external conponents may be placed reasonably close to the active
devices 60, there is always sone small 10 di stance between the external
components and the active devices 60 thatl3acts as an unmatched

transm ssion line. The use of advanced ceranmic materials, exanples of which

i ncl ude al um n nitride and beryllia, allows the header assenbly 200 to
achi eve subsf‘ﬁﬁma&?rl ﬁPfFB?,{BI?IC, fHeR e thFé%ﬁeﬁf%rME%FhBE{mﬁraE%%DE@/haéeé@ﬂnsi de
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enbodi ments can incorporate 5 even nore conductive pathways 110 than_shown
in the il usticoneeieedtipsoplrehilEC), a heat pipe or a metal heat spreader, can be mounted

directly on the platform, thereby providing for a very short thermal path between the
temperature sensitive devices on the platform and a heat sink located outside the
20  header assembly.

As is further shown in Figures 1A and 1B, the header assembly 200
additionally includes two conductive leads 40 extending through and out both sides of
the base 10. The conductive leads 40 are hermetically sealed to the base 10 to provide
mechanical and environmental protection for the components contained in the TO

25  package between the conductive leads 40 and the base 10. The hermetic seal between
the conductive leads 40 and the base 10 is created, for example, by glass or other
comparable hermetic insulating materials that are known in the art. The conductive
leads 40 can also be used to electrically connect devices and/or components located
on opposite sides of the base.

30 In the illustrated embodiment at least, the conductive leads 40 extend out from
the side of the base 10 that does not contain the semiconductor laser 60, in a manner

that allows for the electrical connection of the header assembly 200 with a specific



The platform 70 further includes steps and recessed areas that permt
nmounti ng devices wth various thicknesses flush with the netal pads on the
ceramic. This allows the use of the shortest electrical interconnects,

wi re bonds for exanple, having inproved electrical performance and
characteristics. This also provides 10 optical benefits by, for exanple,
aligning the active region of a |aser nolthted on the platformwth the
optical axis of the package. The photodi ode 30 is used to detect the signal

strength of the sem conductor, |aser 60 and relay this information back to
control ci r chfadeyregertedie lacaipd om dRrcrgmple @grinteshCirquit haged.i [t is dmpentand to
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of the base flatforn wath thaoptivel plincktlic peekage.he si de of the base 10 cont ai ni ng
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to escape the regi on between the cap and the base 10. 15 Reference is next

made to Fi gub@s Iptheailtpstemed wimbediniant, e photediode spredeidiwsctly iconmsctstl tarthe
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the header 5 assenbly 30Q. The optical receiver can be a photodetector or

any ot her de¥eaelhis récessed position allows the photodiode to capture a fraction of the light
emitted by the laser, thus allowing the photodiode to perform the same monitoring
function.

20 This configuration of the monitoring photodiode allows for eliminating the
need of conductive leads 40, and lends itself to simplified electrical connections, such
as wire bonds, to the conductive pathways 110 of the platform 70. In an alternative
embodiment, the photodiode light gathering can be increased by positioning an optical
element on the base for focusing or redirecting light, such as a mirror, or by directly

25  shaping and/or coating the base metal to focus additional light onto the photodiode.

As is further shown in Figures 1A, the base 10 includes a protruding portion
45 that is configured to releasably position or locate a cap (not shown) over one side
of the base 10. A cap can be placed over the side of the base 10 containing the
semiconductor laser 60 for the purpose of protecting the semiconductor laser 60 from

30 potentially destructive particles. A transparent cap is preferable for the illustrated
embodiment so as to allow the laser light to escape the region between the cap and the

base 10.



capabl e of receiving optical signals. The optical receiver 360 is nounted
flat on the platform370 and detects |ight signals through the side facing
away fromthe base 310. This type of optical receiver is sonetines
referred to as an "edge detecting"” detector. The base 310 and pl atform 370
are described in nore detail with reference to Figures 10 I A and 113. The
pl atform 370 contains electrical conponedbs 350, 400 on either side of the
base for operating the optical receiver 360. The platform 370 al so incl udes
conductive pathma¥%f410 for electrically connecting devices or conponents

on either side ofRStHENBHHS ekl padeae Lighsiodtnng: 2B whichdlBerate pespestiye does

not contain i aads : i PIN-Tod { are
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recei ver 530, The platfqrm 570 so includes conductjve pat hways 510 for 25
el ectricall yTé’BEﬁ%c.{I?)r?&%d’éq}?oé@sga% rarg dessHRechinsmers ‘gtatlh\éf?thﬁfﬂ@n% tot]ﬁé‘.ll@&se
510. Thi so erhodiinen! TRE piRiBeRIeY cARSRTIUERCNIRheAO5] ocpndtet Lye

| eads and therefore all "~ electrical connections are nmade via conducti ve
pat hways 4100f the asader epdyaidtigrigtapticalf rec¢irer 360enThoplatohe 35t dlsminchelesi ver
360 or optical ,receiver 530 is an avalanche photodi ode (APD). Cenerally,
APDs repr es efendy Cg‘éeo%atﬁgﬁyscéﬁ& f(s% _elgfﬂtincgllrly 8%_6‘@ g ‘ﬁeé( L&P 08 F‘_gIBB _Eseonc iy have
good noi se agide g5l fhe s BADET Thisi GfbodBReE! bf 6 Mdader AdBmMlydgoGahdt Qapgyi dt h
product of APDs allows for nore versatility in design such that noise can

be reduced afePduchysslepdssandnthenefora gl eedectringl eeneationsriirg kiadd Gia the condusting t t er
desi gns qgsckgﬁ@g gf£i N, these receivers often include active
sem conduct o n \égrat'ed circuits nmounted next to the receiver pin diode or

APD, generally i Refehenckds meof madé raFsjungesianmd 3BPwhich dlludrbte’pergpectivd | A
with alimting agplifier (TIALA). 5 2. Milti-Laver Ceram c Feedthrough
Structure views of yet another alternative embodiment of a header assembly, designated
generally at 500. This alternative embodiment also shows an optical receiver 530
mounted vertically on the base 510. The optical receiver can be a photodetector or
20 any other device capable of receiving optical signals. This is an optical receiver 530
which detects light signals from the top of the device. The base 510 and platform 570
are described in more detail with reference to Figures 1A and 1B. The platform 570
contains electrical components 550, 600 on either side of the base for operating the
optical receiver 530. The platform 570 also includes conductive pathways 510 for
25 electrically connecting devices or components on either side of the base 510. This
embodiment of a header assembly does not contain conductive leads and therefore all
electrical connections are made via the conductive pathways 410.
In other embodiments* of the invention, the optical receiver 360 or optical
receiver 530 is an avalanche photodiode (APD). Generally, APDs represent a good
30 choice for an optical receiver because they have good noise and gain characteristics.
Specifically, the wide gain bandwidth product of APDs allows for more versatility in

design such that noise can be reduced and transmission distances increased. Unlike



Ref erence is now made to Figure 4, depicting various details of a
transmtter optical subassenbly ("TOSA") 3000. The TOSA 3000 as shown in
Figure 4 is configured for use within an optical transceiver nodul e (not
shown) that is capable of producing a nodul ated optical signal for

transm ssion via an appropriate wavegui de, 10 such as a fiber optic cable.
Such optical signals are used, for instabge, in optical comunications
networks for high speed transm ssion of data, as has been discussed. The
TOSA 3000 generally conprises various conponents, including a |ens assenbly
3004, an i solhst ansmoiter desigast disclesedi hgresaoéleS%lrr@cwt?r&c@fiﬁnadn@u@@1@tlverhese
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conpl i es wi t #lloWs. XFP form factor and,
The collimating lens assembly 3004 is optically coupled to a laser diode 3034.

The collimating lens assembly 3004 may be any suitable combination of lenses
20 adapted to focus light from the laser 3034 such that the light can be further propagated
in a fiber optic network. In a receiver application when a photo diode is used, the
collimating lens assembly 2104 is adapted to focus light from the fiber optic network

onto the photo diode.
The isolator 3006 is adapted to prevent back reflection of light into the laser
25  diode 3034. Back-reflections are generally caused when light travels from a medium
having a first index of refraction into a medium with a second, different index of
refraction. Reflections back into a laser look like another cavity of the laser other
than the primary, and destabilize the amplitude and wavelength of the laser light.
Certain standards have been developed that specify acceptable amounts of back-
30 reflection. For example, SONET specifications require that a receiver have a back-
reflection ratio no greater than -27dB.  Other techniques can be used at the receiver

to reduce optical return loss or back reflections, including a variety of index matching



correspondi ngly, the receptacle 3010 is also configured to conply with the
XFP standard receptacle size for inplenentation in an XFP system which is
an LC fiber- optic cable receptacle. O her conmon receptacles are the SC
and FC connectors. Note that the TOSA 3000 can conply with other form
factor sizes, such as GBIC and 10 SFP while still enabling the

functional ity described herein. The TOSA13000 further includes a header
assenbly, generally designated at 3020, that provides nmultiple functions
for the TOSA 3000. First, the header assenbly 3020 supports a_ conponent
platform or 2RGBAGTFHECUNRH tRRENIGNCD sele P &t GoBwiRatiga\afdier stibs melgplishedned.
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continuing attention to Figu reference is now made'to Figures 5A and

5B, whi ch shéd pemrepéenidse Addiionplls thi dgeder rassquetdy i30@0 yinclodespontulefayeof t he

18 exenpl ary r Ly 3020, As.seen in these. flgures tge header
asentl y ' SorBarah s aRn, Bay slechs OF pRASPmIS: D Fie IR el a8 SPHAEL
3022, a cap &i@ads (duglfrem4he optdeletitini@iortpiignid W8chtedadittha silbthbit! @¥%alsed
platform ("MP"), designated generally at 3030. Details of each of these

conponent s, A¥eifefhe tgma teleqtical sigaplsdlsaneash ihingluda pileass electyisnl, Blsrimostatic,
and/or electromagnetic signals.) Further, the header assembly 3020 can enable

cooling and/or heating of specified TOSA components in order to optimize operation
20 of components located on the component platform, as well as TOSA operation as a
whole.

In accordance with embodiments of the present invention, the multi-layer
platform that forms a part of the header assembly and that will be discussed in greater
detail below, enables inclusion within the header assembly of specified optoelectronic

25 components that substantially enhance the operation of the TOSA. Indeed, in one
embodiment, one or more optical receivers are included within the header assembly to
monitor and optimize and optical signal produced by a laser within the TOSA, thereby
improving TOSA operation within an optical transceiver module. Attention will now
be directed to certain aspects of the header assembly and multi-layer platform, with

30  discussion of the incorporation of optical receivers therewith to follow thereafter.

With continuing attention to Figure 4, reference is now made to Figures 5A

and 5B, which show perspective and side views, respectively, of portions of the



As shown in Figures 4, 5A, and 5B, the base 3022 of the header assenbly
3020 conprises a disk portion 3022A and a circunferential flange 3022B. The
di sk portion 3022A and the flange 3022B can be hernetically joined to one
another, or integrally forned as a unitary piece. Together with the cap
3023 that nmechanically 10 attaches to the flange 3022B, the base 3022 forns
a hernetic enclosure 3032 in which variblis conponents of the header
assenbly 3020, such as the |aser 3034 (Figure 4), can be positioned. An

optically transm,ssive window is typically inclyuded in the cap to_allow
the passage BT EaRdT aEEPY SO B &efea’fi@re%a Sheioagentamtty g0
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typically used either "15 directly or indirect during the operatlonﬁgf t he
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| ayer 3060. These |ayers 3036 are arranged in the stacked configuration
shown in Fi gencdesusal BB han e dessubere tthasalcoymperents ret typisalhe bsedTeither

| ayers 3036 ar I . . ] e ogh pent r et | |
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conducti ve expansion that facilitates the hermetic attachment of the MLP 3030 to the base, as will

20 be seen. Of course, the particular size, shape, configuration, and composition of the
base 3022, the cap 3023, and the hermetic enclosure 3032 formed thereby can vary in
accordance with the designated application. For instance, in one embodiment the disk
portion 3022 A of the base 3022 can be made from a copper-tungsten alloy, if desired.

The MLP 3030 is shown extending through an aperture defined in the disk

25 portion 3022A of the base 3022. The thermal slug 3024 is also shown extending
through the disk aperture, adjacent the MLP 3030. As best seen in Figure 5B the
MLP 3030, as its name implies, is comprised of multiple stacked platform layers 3036
that are joined to form the MLP. Particularly, in the illustrated embodiment the MLP
3030 includes three platform layers: an upper insulating layer 3040, an intermediate

30 layer 3050, and a lower layer 3060. These layers 3036 are arranged in the stacked
configuration shown in Figures SA and 5B and are hermetically sealed together. The

layers 3036 are also located atop and, in one embodiment, hermetically attached to the



pat hways, in other enbodinents a single-layer platformcan be enployed to
facilitate |laser nonitoring and control in accordance wth the present
invention. Thus, the description of a nmulti-layer M.P as di scussed herein
is not limting of the present invention. 10 Because of the extension of
the MLP 3030 hernetically through the base 3022, it is useful to define
the portion of the MLP that extends intolPhe hernetic enclosure 3032 (see
Figure 4) as an interior portion 3064 of the MLP and the MLP portion
extendi ng a fr the base on the exterjor of the hernetic encl osure as

an exteriort f‘ he 3086 Eech hyenuptherripcludes @ @hyrality s relgcgigalltcendustive
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the i ncreasedestiptier obh multidlaganviept s dlpcmseddlesﬂemris e iAeaEe bf aespeidny
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3036 is conposed of a co- fired ceram c nmaterial, suc

al um num ni t 302Uk it Nouwfmlhtstmwge potthoar of ﬁntMlPaﬂhat, extereds iag dlelirietic
nitrate, beryl i um oxide, |nsulat|ve ce ] c.and 30 nagn-ceramc
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the structurgoiod ckRABInGWal i fRin e 1936 Bn Btie éﬂ&&%\f@ﬁéh@rﬁféﬁc Chclbdite M-Fn 3030
are given below in connection with Figures 7 and 8. 20 Reference I's now

made to Fi guPEsrigapeitien 8866 whihehMA&pi Bhis @aﬁGHQUEOMDaAMCMr pdrtien b eBO&D as
scper ot o AL SeRRdg Bl SaAch 5 NI R, RS e
conducti ve patiliplgs o062 piésehhﬁw%hﬂ?o@oﬁﬂ b WD @ls@séd belo\the ABacked
illustrated, 5 the upper insulating |'ayer 3040 includes a relatively short
sl ab of cer aﬂqr@gﬁﬁ]pétr ph|the layers 3036, togéther with the specified configuration of the
conductive pathways 3062 defined thereon, enables a relatively greater number of
electrical interconnects to be introduced into hermetic enclosure 3032 of the header
20 assembly 3020. This, in turn, desirably allows for the enhanced selection, placement,
and operation of optoelectronic components within the hermetic enclosure 3032, as
will be seen further below, thereby representing an advantage over less robustly
configured header assemblies. Additionally, the increased number of interconnects
provided in the header assembly comes without the need for increasing the size of the
25  TOSA package. _
Each of the layers 3036 of the MLP 3030 is preferably formed of an insulative
material. In the illustrated embodiment, each of the layers 3036 is composed of a co-
fired ceramic material, such as alumina or aluminum nitride. Notwithstanding, other
materials, such as aluminum nitrate, beryllium oxide, or other insulative ceramic and
30 non-ceramic materials could also be acceptably employed. Further details concerning
the structure and configuration of each of the layers 3036 of the MLP 3030 are given

below in connection with Figures 7 and 8.



that spans the overall wdth of MLP 3030. The upper insulating | ayer 3040
has a width "w' that is slightly greater than the thickness of the disk
portion 3022A of the base 3022. As will be explained in greater detai
below, this width is sufficient to allow the upper layer 3040 to
electrically isolate the conductive pathways 3062 10 | ocated on the surface
of the internediate |ayer 3050 (position2d bel ow the upper |ayer) fromthe
base 3022, which is preferably fornmed of an electrically conductive netal.
Though shown in the figures as bekn§ relatively thick with respect to the
@

layers 3050 and Befstence Henqypgrade ey iguresory apd RBh apichotrpics vadowsayipws of of
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t her ebet menme@gaigouégﬁhﬁén_é‘é ﬁ%’frqﬁia@EFlé‘g rﬁlﬂ\“_eﬂ}ﬂt}Bﬁf Witg]éeﬁﬁﬁ‘ﬁé? thedavatsit i ng
layer 3040 oysyd a¥® 3080,PRet iffer Qhyd: Mpdont Al ABE @ﬁ@_olfaa)’%ﬁrigtg%}’ Afcknkbiies
conductive pathways 3062 | ocat ed “thereon. As nentioned, this arrangenent
enabl es t he agsprding tosthe ac¢diyr lekegicaBRdiatiom akl thespaesmequitemeants eff the beaties k
portion §§22A ofbt Esz)zﬁase 3022 fromdirectly contacting the conductive
pat hways 06§$831? nternedi ate | ayer 3050. Thus, this configuration

enabl es the condugkinyetipadd Wy, 6 Bdseof02pheeshadiglyei ddkepdraveB0B00 che pass
fromthe exterior portion 3066 to the interior portion 3064 of the header

assenbl y 3020¢ epraprsgd ob Kevar cppreaftungstest orednother stiteblemeteripl it persesese
3022. The thigkRgss & thbial L&Bgﬂsion that is substantially similar to that of the ceramic

from which the layers 3036 are made. The similarity of coefficients of thermal

20  expansion enables a suitable, hermetic seal to be formed between the base 3022 and
the MLP 3030, thereby preserving the integrity of the hermetic enclosure 3032. To
enable adhesion between the aperture in the disk portion 3022A and the MLP 3030, a
metallization layer, preferably of a tungsten alloy, titanium, or a titanium-tungsten
alloy with a copper coating, is formed about a pbrtion of the outer periphery of the

25  MLP 3030, as indicated at 3068. The metallization layer 3068 is deposited on these
surfaces using standard deposition techniques and is necessary to enable the base
material to adhere to the MLP 3030. The joinihg of the base 3022 to the MLP 3030
can be accomplished by brazing with a copper-silver braze, or by other suitable means
to form a hermetic seal therebetween.

30 As can be seen in Figures 6A and 6B, the upper insulating layer 3040 overlays
a portion of the intermediate layer 3050 and the conductive pathways 3062 located

thereon. As mentioned, this arrangement enables the upper insulating layer 3040 to



insulating layer 3040 is great enough as to provide sufficient separation
bet ween the conductive pathways 3062 | ocated on the internedi ate | ayer
3050 and the base 3022. This separation is beneficial in preventing

el ectrical shorting of electric fields created by sonme of the conductive
pat hways 3062, which electric fields include field 10 conponents that exist
above the surface of the internediate | agér 3050. It is nonethel ess
appreci ated that an upper insulating |layer having differing shape,
conposition, or configuration fromthat shown in Fi%yre 6A and 6B can al so

be utili zedPhfrenithe matallic disk opiHionP0PRa of (b bassR8P? rpmadirestly cppigeling &g ei n.
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5 bel ow i n c&RREEPIDLIP Hrdihy mmggris a7campprgnt plrient. grels apasupBeeiblogated
confi gurati oy ARhermetic enclosure 3032. Further details regarding the submount are given

below in connection with Figures 9-12.

20 Attention is now directed to Figure 7 in describing various details regarding
the intermediate layer 3050 of the MLP 3030. As mentioned, the intermediate layer
3050, like the other layers comprising the MLP 3030, is composed of a ceramic
material and has located thereon various conductive pathways 3062. The conductive
pathways 3062 in the present embodiment are preferably deposited on the various

25  layer surfaces using patterning techniques, though other pathway formation practices,
such as thin film deposition, could also be acceptably used. Preferably, each of the
conductive pathways 3062 comprises traces made from high temperature conductive
metal(s), such as a tungsten alloy, which is then preferably covered with a gold
plating. Use of a high temperature metal advantageously enables the ceramic to be

30  produced using co-fired techniques.

It is noted here that both the type and positioning of the conductive pathways
3062 on the various layers 3036 of the MLP 3030 is preferably precisely configured



configurations are al so possible. Figure 7 shows a top surface 3050A of
internmedi ate | ayer 3050 that includes various conductive pathways 3062, or
portions thereof Cenerally, conductive pathways 3062 (or portions thereof)
of three types are shown on the top surface 10 3050A: hi gh speed

transm ssion |ines, general signal lines, and ground signal lines. Each of
these is described in nore detail bel ow.22Zwo hi gh speed transmi ssion |ines
3070 are shown on the top surface 3050A. In the present enbodiment, these

lines are ens}l)lg yed in trapnsmtting an electrical _signal froma host device
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Figure 4. In accor principle aug i n conneCtion prévi ous
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geonetrically sh timz nsm ssi.on 30 ropertles and
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operates at 25 ohns inpedance in this case he shapi ng of "each

transmi ssi onSlgmaiefr@D%O hpgsr dydes (m)edilmwe) mataumlcfgrmptmompmnt frickemna i n
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end on the exterior portion 3066 of the intermediate layer top surface 3050A to a
terminal end on the interior portion 3064 of the intermediate layer top surface. For

20  clarity, the interior and exterior portions 3064 and 3066 of the MLP 3030 are
designated in Figure 7, separated by a superimposed dashed line 3072, which
approximately corresponds to the central area of passage of the MLP 3030 through
the base 3022. (Line 3072 also approximately delineates the exterior portion 3066 of
the MLP 3030 from the interior portion 3064.)

25 The transmission lines 3070 on the intermediate layer top surface 3050A are
configured for optimum transmission of electrical signals, in this case, electrical data
signals for use by a laser, such as the laser 3034 in Figure 4. In accordance with
principles taught in connection with previou§ embodiments of the invention, the
transmission lines 3070 are geometrically shaped so as to optimize their transmission

30  properties and to improve the impedance matching between the lines themselves and

the components to which they are connected, such as the laser 3034, which operates at

25 ohms impedance in this case. The shaping of each transmission line 3070 for



can conprise one of several types of conductive traces. In the illustrated
enbodi nent, the transm ssion |lines 3070 are configured as mcrostrip traces
on the internediate |ayer top surface 3050A. As such, an adequate ground
pl ane, discussed below in connection with Figure 8, is positioned directly
bel ow each transm ssion line 10 3070, as will be discussed. In another
enbodi ment, the high speed transni ssion 2Bines 3070 can be co-pl anar
traces, having ground planes that are laterally adjacent the traces on the

sane | ayer surface. In addition to these enbodi nents, high speed traces of
ot her types, "TReda0es MPIRE PPRESENeAtgRH S InAledst Pdevhers ther widih ofgsghd
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el ectricallyof bﬂ{e@&?&@,nﬁﬁ:lud{ﬁ BloBhea Bt At $IGRB dabiRd icgﬁlﬁrzﬂ?ocge such
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intermediate layer top surface 3050A of Figure 9. The general signal lines 3080 are
used to provide interactive control between control circuitry located outside of the
20 header assembly 3020 (such as on a printed circuit board located within the optical
transceiver in which the TOSA 3000 is disposed) and one or more components
located within the header assembly 3020. Components within the header assembly
3020 that can be interconnected using the general signal lines 3080 include, but are
not limited to, thermistors, some lasers (such as EML lasers that are discussed in
25 previous sections of the application), and optical receivers, which includes monitor
photodiodes and wavelength lockers, as will be discussed below.
In particular, three general signal lines 3080 are shown in the present
embodiment of the MLP 3030, each having a terminal end in the form of a contact
pad 3080A positioned at an edge of the exterior portion 3066 of the intermediate layer
30 top surface 3050A. These contact pads 3080A are configured to electrically
interconnect with an appropriately configured interface, such as a flex circuit, for

example, for electrical communication with components disposed outside of the



used herein, conductive vias such as those just nentioned can conprise, for
exanpl e, conductively plated through hol es defined through one or nore

| ayers of the MLP 3030, or other simlar structures having the sane
functionality. Details concerning this second general signal |ine portion
3080B, shown in Figure 8, are given further 10 below. Al so shown on the
internmedi ate | ayer top surface 3050A are2dortions 3080C of each general
signal line 3080. Each of the three general signal line portions 3080C is
formed as a conductive trace upon the interpediate |ayer top surface 3050A,
and s i nt HGEHASEEAYARH T %Sé:%@efl?%dgs?ﬁ@%n % [TERRGPIVET PNt} CirF¥hs
3080B | ocat eghon the 15 | ower | ayer 3060 by way of conductive vias (not
shown) defined through the internediate |ayer 3050. Each general signal
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hi gh speed tnisePad general sianel B89 GoHKE-343084 shoywy & Fignge Shargreiven firthgre 7,
four gropynd gihgpal |ine contact pads 3090A are shown on the exterior
portion 3066 of the internediate | ayer top surface 3050A in a specified
configuration. SoAposhownoadhe inteemediatedayer papdsirfa8d QR Acane pettens BDEAT by

interface with 30 an a ri rou si.gnal source pnrovided, f .
nstance. il snaR SERLARE SRS Beduitins 1oE eprstil eSuding pororsnohess s0s0
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with one of two ground signal line portions |ocated on the |ower |ayer

3060 of the WiPc@O8ged with thanespective gracubsignildent prations 3REBeloeated onghaow
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directly bel @wrinBgiatenlageiBoi@at EakRRherdDsignalAing Poition 30800 @f@inakaRyra 3060
includes, like the internedi ate | ayer, several portions of conductive
pat hways 306g%entact pad 3080D located on an’edge of the intermediate layer top surface 3050A on
the interior portion 3064 of the MLP 3030. Each contact pad 3080D can then be
electrically connected to a component within the header assembly 3020, as will be
20  explained.
A portion of the third type of conductive pathway 3062 is also shown in
Figure 7. Specifically, portions of four ground signal lines 3090 are shown on the
intermediate layer top surface 3050A in Figure 7. In general, the ground signal lines
3090 are responsible for providing the necessary ground planes for conductive
25  pathways defined on the various MLP layers, and specifically, for providing a ground
plane for proper operation of the high speed transmission lines 3070 described above.
As shown in Figure 7, four ground signal line contact pads 3090A are shown on the
exterior portion 3066 of the intermediate layer top surface 3050A in a specified
configuration. So positioned, the contact pads.3090A can electrically interface with

30 an appropriate ground signal source provided, for instance, via a flex circuit to

provide the ground signal to the MLP 3030 as required. Each ground signal line pad



Particularly, the lower |ayer 3060 features a top surface 3060A whereon the
conductive pathway portions are defined. Three general signal |ine portions
3080B are shown defined on the |ower |ayer top surface 3060A, begi nning at
the exterior 10 portion 3066 of the M.P 3030 and extending toward the
interior portion 3064 thereof. (Again, for clarity, the approxinmate
division of interior portion 3064 of the2@LP 3030 fromthe exterior
portion 3066 is denoted by the phantomline 3072.) The term nal end of
each gener al is |located on the exterior
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ends of the general signal line portions 3080C located near the line 3072 on the

20  intermediate layer top surface 3050A. This electrical connection is also made by way
of conductive vias (not shown)\ defined through the intermediate layer.

In view of the above, then, a plurality of complete general signal line
conductive pathways are defined by the general signal line portions 3080A-3080D.
Indeed, Figures 7 and 8 depict three complete general signal lines 3080 defined in the

25 MLP 3030 that extend from the exterior portion 3066 of the MLP to the interior
portion 3064 thereof. The conductive signal pathway defined by each of these general
signal lines 3080 extends first from the contact pads 3080A through conductive vias
defined through the intermediate layer 3050 to the exterior portion terminal end of the
signal line portions 3080B. The conductive pathway continues along each signal line

30 portion 3080B to the other terminal end, where it extends back through the
intermediate layer 3050 to the top surface 3050A thereof through conductive vias to

interconnect with the terminal end nearest the line 3072 of each respective signal line



portions) thereon for additional interconnections to be |ocated. This
results in an increase in the nunber of conductive pathways that can be

pl aced on the MLP 3030 (i.e., an increased interconnect density), which in
turn i ncreases the nunber or type of 10 el ectronic and optoel ectronic
conponents to be utilized wthin the header assenbly 3020. The conductive
si gnal pat hway defined by each general si@nal |ine 3080 enables electrical
comuni cation for specified electronic and/ or optoel ectronic conmponents as
described here. (Simlar_processes are followed for the transm ssion 15
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assenbly 3020 and devices external to the header assenbly can be
acconpl i shedcdsyponaytsas deparibge dereal (Sdingamproc¢ssessargd8llowed far shetraesnibseoe t hat

(1S S04 B e AREAE SRR S SR T ik b
confi gured agearisApaal B OV &Nbne sRME WLAEBadd B 080K of UhETBABHoNMYIribH t he
header assenbly 3020 wi th another subnount i s possible, adding nodularity
to the TOSA3 ®falye intermediate layer 3050 (using a flex circuit, for instance), it can travel
unobstructed through the MLP 3030 to the interior portion 3064 within the hermetic
enclosure 3032 of the header assembly 3020 (Figure 4) using the conductive pathway
20  of the general signal line as just described. From there, the electrical signal can
proceed to any one of a variety of specified electronic or optoelectronic components
disposed within the hermetic enclosure 3032. In one embodiment, the electronic
and/or optoelectronic component(s) that receives the electrical signal via the general
signal lines 3080 is mounted on a submount (such as submount 3033 in Figure 4) that
25  is positioned at least indirectly on the thermal slug 3024 to be adjacent the interior
portion 3064 of the MLP 3030 within the hermetic enclosure 3032. Wire bonds,
wedge-wedge bonds, ribbon bonds, submount traces and/or other appropriate
interconnects can be used to electrically connect the electronic and/or optoelectronic
component on the submount with one or more of the general signal line contact pads

30 3080D on the intermediate layer top surface 3050A. In this way, electrical

communication between components located within the hermetic enclosure 3032 of



Figure 8 al so shows various details concerning portions of the ground
signal line 3090. Particularly, two ground signal |ine portions 3090B are
| ocated on the 10 | ower |ayer top surface 3060A and are electrically

i nterconnected with the ground signal contact pads 3090A | ocated on the
internedi ate | ayer top surface 3050A by conductive vias (not shown) or

ot her appropriate interconnects. The grodid signal |ine portions 3090B
occupy a substantial portion of the |ower |ayer top surface 3060A and are

aligned in the jllustrated enbodinent to be positioned directly below the
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di scussed herein,“ 1.€, the high speed transni ssion |lines 3070, the

general signal |i Fésire 8ruthot dhowgratiots étailatonchima p&ﬁo@@&@'ﬁhe?ﬂ&hidesignal
el ectrical signals tao be E)rovi ded to specified el ectronic and/or
opt oel ect r oniiBe S9Apoderilarle dve Brendasigng! flineepartiensc BOYB areelosatbdnonrthe 3033

shown inRyFi =W ¢ B ! . . d
2ssendl y S0z i st O bl S OATEhA i ORI il e 08 Blowmy
connect to asigoal espawhghdgy30%meatedtonothetiheraadia®uiayer tbp sarfece03030A By

i nterconnects. J]n,.one. erzbodi ment, fqr 30 exanpl.e, the ternl nal end of each
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Al'so, th g I ignal {lin 080 connect, to desi.gnat.ed components in
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gis f &Tﬂt y _:I)’_ ggﬁi ;sge&f PatlsHRGioh 1Fhed 3640, kRARLS énr%ﬁﬁé Sl propls Bp&iti@n.f}xgﬁn, it
is seen how the multi-layer configuration of the MLP 3030 enhances operation of the
20 header assembly by enabling distribution of a ground signal in an efficient manner
while still preserving space in the MLP 3030 for other types of conductive pathways.
As has already been described above in connection with the general signal
lines 3080, each of the conductive pathways 3062 discussed herein, i.e., the high
speed transmission lines 3070, the general signal lines, and the ground signal lines
25 3090, enable electrical signals to be provided to specified electronic and/or
optoelectronic components located on a surface-- such as the submount 3033 shown
in Figure 4—within the hermetic enclosure 3032 of the header assembly 3020 (Figure
4). The conductive pathways 3062 can electrically connect to a corresponding
component on the submount via one or more interconnects. In one embodiment, for
30  example, the terminal end of each high speed transmission line 3070 located on the
interior portion of the MLP 3030 can electrically connect with a laser, such as the

laser 3034 that is positioned on the submount 3033 in Figure 4, via wire bonds



circuit is patterned with electrical interconnects that are configured to
conpl ementarily engage with each of the contact points of the various
conductive 10 pat hways 3062 | ocated on the exterior portion 3066 of the
intermedi ate | ayer top surface 3050A. The flex circuit, in turn, is

el ectrically connected with correspondi ng conponents |ocated on, for
instance, a printed circuit board form nZ8 along with the header assenbly
3020, part of an optical transceiver nmodule. In this way then, electrical

i nt erconnection between internal header assenbly conponents and external 15
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entitled s Flexishhi®ida liggyih7d.or Establishing Electrical Connectivity with
Optical Subassenbly," filed April 9, 2003, which is incorporated herein by
reference in its Blettrical signals tashe gicdvased to thedMLFPa3 0Kbframt eretside e heasler

specific conf] td Lve: s t re 1 ned 4 M_P
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Thus, the endiagitmelt attemedi beith heleetricalar @teresmmkyts exearpl &e y coffigdied to
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of the presetmplepeneily engaee withwearh of the ireptagepaintssoly B araony corbicHader
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Finally, it FERPSREdPetedionHat mskngne BHiEUCHeH %ﬁéﬂ@%‘P&eﬁl?‘?%E’étE han be

configured spghet QﬁEmBEEXOM]%ﬁBY a8 élﬁfcﬁi' 88 cOive M 0uO MBP IR L R ay eph as
integrated resistors or capacitors, for instance. 3. Laser Mbnitoring and

Control 5 Fi¢eetdsalgnteBonnddtiondatvirsnrietemal behdenaisemblyswmnifsnerfs end exiermaht s of
the present _invention, i(e:h is di rectggj to @leh%%g_ler assenbl (re%vie%
vari bus Gt obBeERbl S sk Eddns ML defen PUT S FAFDY ol Mihce of
a | aser devi ggerédmectd itBidasiethe HM@ESRE Bucldduee Bf EReRhddreRsiRibINSS BEMdredsBE| udes
a multi-layer platformas previously _
in a substantially efficient manner, thereby adding to header assembly performance.
Further details concerning exemplary flex circuits that can be employed with
embodiments of the multi-layer platform of the present invention can be found in U.S.
20  Application No. 10/409,837, entitled “Flexible Circuit for Establishing Electrical
Connectivity with Optical Subassembly,” filed April 9, 2003, which is incorporated
herein by reference in its entirety.
It should be noted that both the number and specific configuration of
conductive pathways that are defined in the MLP 3030 can be altered in a variety of
25  ways to suit other applications. Thus, the embodiments described herein are merely
exemplary of the principles of the present invention and should not be considered
limiting of the present invention in any way. Further details regarding the header
assembly and multi-layer platform discussed herein can be found in U.S. Application
No. 10/625,022, entitled “Multi-layer Ceramic Feedthrough Structure in a Transmitter
30  Optical Subassembly,” and filed July 23, 2003, which is incorporated herein by

reference in its entirety.



descri bed herein, which enables these |aser nonitoring and control devices
to be 10 advant ageously enpl oyed therein, thus inproving the overal
operation of not only the TOSA that houses the header assenbly, but the
optical transceiver nmodule in which the TOSA is located as well. Reference
is first made to Figure 9, which shows the header assenbly 3020 of which
various features have been previously degfribed in connection with Figures
4- 15 8. Accordingly, the discussion to followwll focus primarily on
certain selected cts of the, he gag assenbly 3020. Note that in one
enbodi ment of the Fﬁ@nltl i§rpPPracite & OQEWﬁW%ZQHQWPl@é? gan be
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(not shown). However, the header assenbly 3020 is not y to
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generated 30 Q% ogtg&h ctroni c, conponents | ocated on the subnount 3033
during oper ath L 18¢ 18 (0GafdAs Wellanscei ver. Thus, the ther nal
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achieved in this enmbodinent is beneficial in controlling heat dup
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In this way, the vari con hway's
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on the top Sut{ f ae% er3£§gréblgf3 058%0%%?1g§u§ trgr(l)s?s%or header for use within the TOSA of
an optical transceiver module (not shown). However, the header assembly 3020 is not
limited solely to this exemplary embodiment.

20 As shown, the header assembly 3020 includes the base 3022 and the MLP
3030 hermetically extending through the base to define the interior portion 3064 of
the MLP and the exterior portion 3066 thereof, as previously described. The
submount 3033 is also shown, including a top surface 3033A and a substrate portion
3033B. Note that the submount 3033 can assume a variety of shapes, layers and other

25  configurations as needed for a particular application. Thus, the submount
configuration shown in Figure 9 is intended to be exemplary only, and not limiting of
the present invention.

The submount 3033 is positioned in the header assembly 3020 in a specified
orientation with respect to other header assembly components. In this embodiment,

30 the submount 3033 sits atop the thermal slug 3024 and is supported thereby, though in
other embodiments an alternative submount support arrangement can be used. The

thermal slug 3024, as has been described, can be employed to remove heat generated



The subnount conductive pathways 3092 in turn are electrically connected to
one or 10 nore optoel ectronic conponents |ocated on the subnount top
surface 3033A. In this way, electrical signals can be comruni cated from
conponents | ocated outside of the header assenbly 3020 to the

opt oel ectroni c conponents di sposed on the subnmount 3033. In greater
detail, Figure 9 depicts two optoel ectrod®c conponents that are 15
positioned on the subrmount 3033, as nentioned above. The | aser 3034 is

| ocated on the top, surface 3033A of the submpunt 3033 and oriented to emt
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| aser 3034 is an optical receiver that serves as a neans for detecting a
portion of tinsl &t theanalsslygal02dr thdticedchipvadhan Itlis eami@@Bdent] is Bdeficiebrimance

wi th the present ..inventi o the.ngpans for detectl the optical signal of
the | aser incc{nﬁogln@\r{&? %:IW%@HP“@ ”ﬁegﬁgéeéaﬁ%mtbﬁ%gé%ﬁot odi ode ("MPD") 4000
that can s be enpl Dhedubmodat 8613 (hponemeid beMBé tRémiah&ldga3er4 3934 sluni ng
operation thereof, as is_ explained further below The ability to position

such opt oel edlestErtlcconyppBertionswith the NEEs3@Hbuln tBO33yr thsuyarious conductize
relatively g r e t4dpa i o) s.(re sent ed by
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encl osur e 30&hd(étigupahwiysol0Rhiecited derthasgesiaface 3030Af the rsubioaf 3033he MLP
3030. The laser 3034 in Fjgure 9 is electrically connected to each of the

t wo conductaf %S@ﬂ%ﬁ@dyg@wwwmé@@ama@ 81;5‘*02"{% Beenggigd Ao one or
Similarly, tﬁ%r%;@oel@&roﬂw&n%&&ﬁtrs'IG&kédy?rPf[BE g%hpguﬁgé%%s&rme%sme_m b

e
conductive pathways 3092B. In the case o a conductive ﬁottom
portion of tWweykBtmdaksignialszhh pe comnemimteddionre comporatalocaedionaidesrfdhof one

of the conducti,ve pat 3092B on the subnount 31 3033,, whil e
conduct i ve t ?Sldﬁro?igflf)lﬁﬂ%?&%ohté’ éﬁlﬂ%‘f%ﬁ@?’@aﬁ@?%ﬂﬁ $P9S¢d,0n ﬂ%ﬁ‘eﬁahnﬁ%nt end
of anot her o0f033he conductive pat hways 3092B via a wire bond 3094 extending

between the term nal end and the top portion. Each of the sets of
conducti ve pat hwalis gBewp Actaid F3goe ) depictictwoubptoelaetrorc compegntadiat 3083A i s

. loct t1 ' . / . i Y X th
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conducti ve peiehopysrfaRIRA3AUsRhetsabinowe 3038 eandastmntedOd4dmie Iaﬁ%ﬁi:ﬂadigdél

connects with one of the two high speed transm ssion |ines 70 of the MLP
i nt er nedi at ethregBthe lens assembly 3023, isolator 3006, and receptacle 3010 of the TOSA 3000

(Figure 4). Positioned proximate the laser 3034 is an optical receiver that serves as a
means for detecting a portion of the optical signal produced by the laser 3034. In
20  accordance with the present invention, the means for detecting the optical signal of
the laser in this embodiment comprises a monitor photodiode (“MPD”) 4000 that can
be employed to detect the power level of the laser 3034 during operation thereof, as is
explained further below. The ability to position such optoelectronic components on
the submount 3033 results from the relatively greater number of electrical
25  interconnects (represented by the conductive pathways 3062) that can be introduced
into the hermetic enclosure 3032 (Figure 4) of the header assembly 3020 by virtue of

the MLP 3030.
The laser 3034 in Figure 9 is electrically connected to each of the two
conductive pathways 3092A of the submount top surface 3033A. Similarly, the MPD
30 4000 electrically connects with two of the three conductive pathways 3092B. In the
case of the MPD 4000, a conductive bottom portion of the MPD electrically connects

directly to a terminal end of one of the conductive pathways 3092B on the submount



3050. Simlarly, each of the conductive pathways 3092B (at |east two of

whi ch are 10 used to power the MPD 4000) electrically connects with
correspondi ng general signal |ine 3080 on the MLP internedi ate |ayer 3050.
As Figure 9 shows, w rebonds 3096 are used to connect the conductive

pat hway 3092B with the term nal contact pads 3080D of the correspondi ng
general signal lines 3080. OF course, coRhection schemes in addition to
wi re bonds could be alternatively enployed, including wedge 15 wedge bonds,

ri bbon bonds, bmount traces, etc. It oul d _al so be appreciated that the
particul ar déQ?ﬁnW © 3 [en H}S‘?J@tplW‘%Pﬁaﬁﬁpgfel%fl?ﬁeflcyh‘é)mé%ﬁfﬁmtte% and

the MP 303Qu83% aR6thal BPfH%dcofnﬁﬁéﬂJe%rthN‘ir}lécﬂ)Qbﬁ \}i%x lhUsiE 3bRE 3064 %xtegi&'thhg

still preserving the laser nonitoring and control functionality o
present i nvehbtivwsen tiRetrminaloemdiagd timtoppdeiono Fi gure 10, which illustrates

th | ati it f 0 the |l 034 h 000, i n the head
hosenl y 3090 as Faghopieseiof BRERANE P de IR A IR R B B o
positioned nesy stfffeet SUITANH ireRIEcRical BEMMUMRARGNwiB0 3GrespORidifS ngﬁ&iﬁdﬁget 0

the interior portion 3064 of the M.P 3030. So %OSI'[I oned, the laser 3034
can enit it s papmiayapn shegintarmegiatedayer 3989 ofi thei MR-PtXB0u Pvecificallyresh @0O f or

eventual tra 1SS J ihhe i.c cabl n hown).. ;As w || be 25
seen, the NPB3%%§b?@até{vg%&o({%z?ln{luls?d;’ttoggge{ ?rgﬁléa%?rggﬁf?)nege%t%%alllyacg EPeCttSowﬁlé abl e
to nonitor fhe ofphé ewd higlymmded tt@s@izbion Niies ,30M0WERE ML ahtetieli AP Day900
and | aser 3034_can bﬁarb,posi tioned in alternative $osi tional relationships

e

than those e B?‘?-cisfm : ©agtopk WGW@P@}er\EﬁﬁhI"V@YM”Q 4B ngnsy Mg ofvbieht e ai s
of the prgseqted t@éﬁ%& %-Mﬁﬁfﬁoggglﬁﬁg\%ﬂgg nHBYE Wik c%hg%fé)ggﬂlé%e%fzg%ﬁ a

cl ose-up view of portion of er assenbly erern e wWre
bonds have béen3080rond¢ht MIP inteamiedigte lbyer 30401 iAsUfigure Fhpusewirtbaleipizops

various details regardin th the .laser 30 d th MPD, 4000 as wel |l as
the operati off3l usfegﬁgt(ioffﬂg%iqge EREETHY pB%f"\%ﬁ?ﬁﬁe‘?ﬁth tefigug 09.‘23%*(1??@5
depi ct ed her 8086D adt 8dJ€ores¥hbiding deAGAl sHRAYI tifles 3980 aBf kst IdoRMcEHn

feedback ("DFEB") laser. Such |asers are characterized by the manner in
whi ch they effhenesap pdditiemesr wite bopds eoald kg gtemnatively estrdowed, mcliding wedge: t he

| aser 30 e [ i.C ' 4002A firo front edge, ,.or
facet, o? élt hga CP %g?l?dsmﬂw ée41 g&fsdé’conglé)?%}ggp els’cegg' iﬁs&ﬁ%ﬁ ﬁg’ ﬁ%ﬁ%eﬁlée%mattt ed
from a back flecedrtiaflart desighasfahe cAsluorv pahwdys stV 4B88Qduhs303Sidd weed
wth respectyﬁo é&e | aser 3034 so as to be able to receive a portion of
the optical MdhaP3Geanheatersd frome thay sduch i dlysirated bgreawhile sHlk praseyviradtbe i s

posi tioned beRkngohifidg@88 cotPA%usQiodslidy df B Abefit ifedtR@e! ve the back

Reference is now made to Figure 10, which illustrates the relative positions of

20 the laser 3034 and the MPD 4000 in the header assembly 3020. As can be seen, both

the laser 3034 and the MPD 4000 are positioned near the terminal end of the

submount 3033, corresponding to the interior portion 3064 of the MLP 3030. So

positioned, the laser 3034 can emit its optical signal without obstruction through the

TOSA 3000 for eventual transmission via a fiber optic cable (not shown). As will be

25 seen, the MPD 4000 is also optimally positioned behind the laser to be able to monitor

the optical signal thereof. Note, however, that the MPD 4000 and laser 3034 can be

positioned in alternative positional relationships than those explicitly set forth herein
while still complying with the aims of the present invention.

Reference is now made to Figure 11, which is a close-up view of a portion of

30 the header assembly 3020 wherein the wire bonds have been removed for clarity. In

particular, Figure 11 depicts various details regarding both the laser 3034 and the

MPD 4000 as well as the operational relationship existing between them. The laser



facet em ssion of the secondary optical signal 4002B during |aser
operation. As 10 shown in Figure 11, both the prinmary and secondary optical
signal s 4002A and 4002B are emtted fromthe |aser 3034 along a slightly
diverging light path. Accordingly, the MPD 4000 is placed sufficiently
close to the back facet of the laser 3034 as to have a sufficient anount
of light fromthe secondary optical sign3 4002B be incident upon the MPD.
Thus, while the front facet em ssion of the -optical signal 4002A is 15
ultimately transm't,te(g t hrough the variqus structures within the TOSA 3000
(see Fi gur e3W* deppgied fete i f8cidggrmadinglasse devige.suich g r fisgibpted deediaghal

4002B i s pr egpE-H ek, ys@@ﬂggé?@%ee%%@ﬁm%& B0matder i “ﬁl%r@s} gxglggP&Pat

while a DFB Iaser "is shown on t nount 3033 In Figure 1
devi ces of otdherent yptécal signalalAschbenut Figuzetl,ithe hea @084 emits wiprimarn epticid

fevi ces suchoBeTARpER SRS aftent B MorOycet b BOn GRS NER e hre
di scusseds hey@2BSis Ridiféd ffom altask MRE SHAAP1k&. but one exanpl e of an opti cal
receiver serving as a neans for detecting the optical signal of a |aser

that can be utili2smesHondse thelRBU003pp®itioned avidopsnenttol thelpserid3Annias or i ng
of | aser per . ti i ri:si_ngr.varyi
ctructur e and S0 rebAEeE Qo R b EREL R St e CRTRE I BN,

t hose descr i thedMPPr400 icpositidned bbleind thd lagee d0B4 € as fo igtie thlretdveigRfbakk i n
describing the operation of the WMPD 4000. Duri ng operation of the TOSA
3000, the | af&st gosaop Rt the| segpndapppptigal signal 4097B, huripg daser japeratien. {88 m of

the pri y | Calp; S I W:Talo Ml J ¢ i f the
o soconay y R EiBLO 1% hAD R bl oh d ol T 35 tcd 33Rhls 4002 R nk 9066019
enbodi nent amchudesfram thasad 034 riomgea stightly divergirg lpghs ipatho edtoslindiy tthat t he

angl e sur t abP 10 srbed Pl sis“F o Psdiah eyt e gt S G0 4E% mo04

and is direcfHciest #Rodf ol Vighered Q& RfartytichR %@9@023\%6 ndifld Iu%oont he

power of the |laser 3034 can be determ ned and a signal indicating the

power | evel &anMP®.r eThapeavhils honfppeoriefice ¢emissivadiothesontabiignhle 46@2%4 65
assenbl y 3020,.via.the co ctive,pat hways spoken of..aboye. LS apl es

| aser 5 b%rf%}lﬁgg%%qfags%b ego%’f?%o%"g I ?ﬂsfrg? E?Sa‘ﬁﬁl%&%&%%@*i %(fdr@e G2d, in
order to optFiguze 4)) dsebaglerfhedt nenision Ref el nesondsryn@ptitAdsighs) Fomm g5 12
and 13 in describing another enbodi nent of the present invention. These

fi gures descPicBemiaaily psesheddbyshe MPIRy#0QGe

It is appreciated that, while a DFB laser is shown on the submount 3033 in

Figure 11, laser devices of other types can also be utilized in accordance with the

20  present invention. As has already been mentioned, for instance, laser devices such as
EMLs can also be employed in connection with the MPD discussed here. Similarly,
the MPD 4000 is but one example of an optical receiver serving as a means for
detecting the optical signal of a laser that can be utilized on the submount 3033,
thereby enabling the monitoring of laser performance. Indeed, optical receivers

25  comprising varying structure and/or that are based on different operating principles
than those described herein can also be utilized here.

Figure 11 is useful in describing the operation of the MPD 4000. During
operation of the TOSA 3000, the laser 3034 emits light both from its front facet in the
form of the primary optical signal 4002A and from its back facet in the form of the

30 secondary optical signal 4002B. The MPD 4000 in the illustrated embodiment
includes an angled surface 4004 and is positioned such that the light comprising the

secondary optical signal 4002B is incident upon the angled surface. The light is then



present invention that enabl e wavel ength nonitoring and control of the
optical signal 10 emtted by the |aser during TOSA operation. Again, many
features discussed in connection with the present enbodinent are simlar
to those disclosed in previous enbodinments. Correspondingly, only sel ected
features of the present enbodinent are discussed in detail here. Figure 12
depi cts a header assenbly 5020 having a A8lti- layer platform ("MP") 5030
extendi ng through a base 5022. The M.P 5030 15 includes nultiple ceramc

| ayers on which a plurality of conductive pathways 5062 are |ocated. A
t her noel ect r if%#a&&‘él By the: agee S‘Eé‘?ﬁ 4004 god i éﬁé%teg e sBtivhareaL06 oohe and
supports a swpsmupho oQA33 égul?‘cfﬁr@h?\gﬂ' MRS lasb BuBl Rt RidRAYRE 28 OsiQrLalt he

MLP 5030. The TEC 5024 is config to renmove heat fromw thin the header
assenbl y 502diging itleuparvdryeveheat be teddyed $o poropluead linataipduwsiieof the hicader

conponents 20 | ocat n.the su unt 5033. Note, however, that_ th resent
enbm;di nent c&?‘?e@é%' g&%(gtv }acgjﬂ W“?ﬂgﬁ’ﬁdf WaXs PRIt OEG%Y%QTB&?I@E&SS}P&W th
no cooling dgb‘ﬂf@rﬁuaﬁbe &) bo colfifusiBRURkored 3d El_%eré‘(%? Rf heHERGn bRieP 'ttpg%ﬁﬁizen a

top surface 5033A a plurality of conponents including a |aser 5034 and an
optical recelaserperfeamanesr ves as a nmeans for detecting a portion of the

optical signal pr by the |laser, I the r.esent epbodi.nent, .the
neans for detecti %gyﬁﬁneeo}ét "R "4Gn & Iﬁ%ﬁ%?iﬁzgsa%g %%%Icgﬁ)%ﬂ ng§ Giother
("W.") 6000 tmbbdintentledthgpedeitanedintibh. Theseti@rovalesdrivegiibitohalt RpectoPPt the al

signal output by the |aser 5034 during operation of the TOSA (not shown) in
whi ch the heBHfsFntdasatpn (hatgoaple wayelength sonxering and conieol ¢f theomticplvignades

two MPDsyt hat.; i j: 1 i ne, anot b .he
opti cal o gna SRS, Wi BN TOON oh ol TIABRD MRy HALTRE Mecha b,
| aser 5034 apehrtehizon\vithODO paesenteérebodiinesd dry sainilactoethoso dishlesailiinpienious 5033
in a mnner siml.ar o the attachnment o e. |l aser .3034 and D.4000 to the
34 subnount §6‘§1%‘518163§us§05§5%%]§e}b€?¥’ ,?ntyoﬁ?ifg«‘&% fS?quF Pht Iﬁﬁsreggerg_-‘idimeﬁ“r?r? he
case of the dbuR8OH déthit ﬂ@re@'lﬂ%ﬁffei 1280 @9 A8Hehd @ N8seAily 862 @RLIiAPadnhgt veen
the W. and the subpount 5033. Specifi cal Igy@@bottom conductive portions of
both MPDs of layge platformodilala #330eextending ihmwvgled baseoh@R2f Ther ¥EIt 8039 nal
cont act ds. LV . 092B ileqa t conduyctiyv rtion
of each II?/%D fr{s),ciucc{)é%%}c@gela Ct% %338@%&8‘? Wel%\/\%mué t?'rﬂfncﬁn&%?% Lt W&éfﬁ?&@ pads

via wire bonds bHofidd. & tieemivsiectriotdoeler (CDPOBCH0XANAISE ReFBSs BRbYREhetthige W
6000 and the _subnount 5033 can al'so be  enployed. In turn, each of the
conducti ve pataaRfssuppoEn stbraeat 3ibhediaenterpgpper intermediate layer 5050 of the

MLP 5030. The TEC 5024 is configured to remove heat from within the header

assembly 5020, particularly, heat that is produced by optoelectronic components
20 located on the submount 5033. Note, however, that the present embodiment can be
practiced with another form of cooling device, or with no cooling device at all.
The submount 5033 is configured to support on a top surface 5033A a
plurality of components including a laser 5034 and an optical receiver that serves as a
means for detecting a portion of the optical signal produced by the laser. In the
25 present embodiment, the means for detecting the optical signal comprises a
wavelength locker (“WL”) 6000 that is designed to stabilize the wavelength of the
optical signal output by the laser 5034 during operation of the TOSA (not shown) in
which the header assembly 5020 is located. As such, the WL 6000 includes two
MPDs that operate in conjunction with one another to stabilize the optical signal of
30  the laser, as will be seen further below.
Both the laser 5034 and the WL 6000 are electrically attached to the submount
5033 in a manner similar to the attachment of the laser 3034 and MPD 4000 to the



el ectrically connect with one of four general signal lines 4080 | ocated on

the upper 10 internediate | ayer 5050 of the M.P 5030 using wire bonds 5096

or the like. So connected, the W. 6000 can be powered and can receive and

send data signals to conponents |ocated outside the header. assenbly 5020

but are connected thereto via the M.P 5030. It is appreciated that,

i nstead of four electrical connections, 34ree connections can be used to

el ectrically connect the W. 6000 to the subnount 5033 by 15 having each

MPD share one_lead for the common signal. Reference is now nade to Figure

13 in descr i Bibmpunt P9 ediserssed above dm ceriection WMithdigwss P1ldn larthe sprsraftthon of

the W. 6000 {1 t] I : i revi-Qus

enbodi nment , Wgé Rt @’6818%) %%C%‘irlglx icgn%%rgflé%aégat&g%éﬁ trll)gRYeﬁg tlﬁés@;t %% h%n

t he subrount sub@R3int AQFS. nSpdcifecallps bott& IBndictizn perdgas effibbthi M@Dsagehe Wauch as
e

a DFB 20 | as t hough other |aser types _could alternativ e used. As
before, | a;egdqé)ogr_l? d ?Cgéfu‘é".éléle?tfe‘zﬁ? Oé‘r‘?a(’%ﬁ’(’f?(e feroga cfﬁflfa&'apa‘iﬁy@géf’n 1¥%i on
resul ting i npALREYSBYOYBORMIIE @ltop SbiiitiveoRiatn bf eaBntMeDf ik @phndcRRgh ohO of
transm ssion through the TOSA, and a secondary optical signal 5002B from

t he back facte o rdmeainiag dermimplecantacsQ@ds ivéa earepborslsdSW¥. d (4l conmes 08802 and
6004, which ar n 2 i de- hy-s}d a.shngle unit ch D 6002
and 6004 is %@F%@né%%pgsr%gi%?e\%% WpLo;%pl onangftthﬁsélgglé’% 835@"8%5&1?6

si gnal produaaplobsd.t e tlrackachasfethe @Bhdistion pathwake 50028 of theSpashdune 3Dy,
each MPD 6002 and 6004 is oriented such that the secondary optical signal
5002B i s i nctlagrtalbncoamgstetith sue of dopescanal signel litest4980 ledatrscen the upweDs. | n

the presgnt ﬁm@{ngg:gfayep@@s@{)f Eﬁwoﬁp%ng% eGQ&Aﬂﬁaé;/q@g;&;ﬁeQﬂ{%.e’séo MPD

6002, further 1nc s”a wavel engt pendent®filter
t ransm ssi vecomscted,the Whr6089 aader phweyed and keen weoetleengit sendfdatd gilhalt hat

i ncident upon it. So .confjgured, he W. 6000 | apabl e of itoring the
wavel engt h o‘FO_I?IPfEleBt_ﬁtIP‘E?é?d g?tﬁﬁﬁlth$£‘??§ﬁ%%§§e@glybépszpﬁ§£Iaé‘“s‘é?nn%tgg?%ﬁfo via
facilitatingmet T adsosdt MRNE apPrebRA&dCRae ifftedddseloud feldctricalRSifeRords) Shree

wavel ength of the optical signal varies over tinme fromits desired val ue.
This is acceompkétamedambe useddo iclsettichdy oomnebithe WL 60@0 tt tho sulphounh §0IITHA ( not

shown) , e Jaser 5 roduces. both the 5 primary optical signal 5002A
fromthei{r ofiﬁvnfgol%agﬁﬁglgé arFSPegWﬁ&ritbﬁc‘?lpﬂlﬁBts@nglrmA and the secondary
optical signal 50ReRrdnom htwe akkolAE@t . 13Rardes&ibin® furtRe de@RE 0HkRIMN

optical signal 5002B fromthe back | aser facet are received by both Ds

6002 and 600thenogitipnand egereton atths EHOW0Ard réaid® torthe faser Q34 yAs wtbrihe
receipt by t&%vious embodiment, the WL 6000 is proximately located behind the laser 5034 on
the submount 5033. Again, the laser 5033 is an edge emitting laser, such as a DFB
20  laser, though other laser types could alternatively be used. As before, laser 5034
produces front and back facet optical signal emission resulting in a primary optical
signal 5002A from the front facet for transmission through the TOSA, and a
secondary optical signal 5002B from the back facet of the laser.
The WL 6000 is comprised of dual MPDs 6002 and 6004, which are mounted
25  side-by-side as a single unit. Each MPD 6002 and 6004 is positioned to receive a
portion of the secondary optical signal produced by the back facet emission of the
laser. Specifically, each MPD 6002 and 6004 is oriented such that the secondary
optical signal 5002B is incident on angled faces 6006 and 6008 of the respective
MPDs. In the present embodiment, one of the MPDs 6002 and 6004, in this case,
30  MPD 6002, further includes a wavelength-dependent filter having a transmissiveness
that varies according to the wavelength of light that incident upon it. So configured,

the WL 6000 is capable of monitoring the wavelength of the optical signal produced



non-filtered MPD 6004, the respective portion of the secondary optical
signal 5002B 10 is directed by the MPD to an active area where the
intensity of the optical signal is neasured. The filtered MPD 6002 al so
receives a portion of the secondary optical signal 5002B, which first
passes through the filter therein before being directed to the active area
of the MPD. The anount of light that is Bfansnitted by the filter and
allowed to inpinge the active area of the MPD 6002 depends on the

wavel ength of 15 the secondary optical signal 5002B. Thus, the intensity of
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known or a wavel en%th shift detected, it can be readil'y determned whet her

t he oper at i ng§onsiite BPs6(Qd ethetresnsetivl pastien of theseenndatyoonsisal signed 50028
rimar ticak: .Sl Of .4 if | | referable to
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ensure its opteasnred.qThkiftiteredeS{PEL 6602 ylsd Redzbret ai portieP pf itlﬁéaédc&ﬁtﬁlr}a Sp6Gdul as

when the optical. transceiyver nodule in ich the TOSA is located Is

enpl oyed in &éﬁ%ﬁ : ewgﬁétfﬁs‘[cﬁa\??e_é iﬂbrﬁu%%it&eégleﬁ@n Pemmnyg deederbiodhe ons.

DVDM t ypi cal bytiveesteh bEShORIBTS Al TR GRGIS otfP%tllt £ i€ A9sLARkd ;bg}ttﬁg%@@e gg{gg

over tinme. If it is determned, as a result of operation o
that the waekdeedytohingfingechthelamtive a0 34 thedRD ©K00bdepands bh ek wauebngth of

nodi fication,can occur in a. 5. varjiety of s. Lnth resent enbodj nment,
'he TEC Sbo4tBatenuatrarybaery Hopferenbe iy o1 lBnReR Frrsaeahoat
to the headefiltasdeMPLy 9020wilAvaryS kRO thesBfed BEVhE RBAAERE BIPD BG4 as a
result of producing an optical signal. This heat can alter the wavelength

of |ight proderoedingio theevavaleagthmfdhe secprdaryppticpEsigad 5002Rhivbichiinidehtcal
in wavelength to the primary optical signal 5002A. Comparison of the intensity of the
secondary optical signal portion 5002B that is measured by the unfiltered MPD 6004
20 with that of the filtered MPD 6002 will therefore produce a ratio that can be used to
determine any wavelength shift and/or the current wavelength of the primary optical
signal 5002A being emitted from the laser 5034. The calculations necessary to
determine this wavelength can be performed by the MPDs 6002 and 6004 themselves,
or by components located outside of the header assembly that are in electrical
25  communication with the MPDs via the MLP 5030.

Once the wavelength of the primary optical signal 5002A is known or a
wavelength shift detected, it can be readily determined whether the operating
parameters need to be altered in order to optimize the primary optical signal 5002A.
For instance, it is generally preferable to maintain the primary optical signal 5002A at

30 a constant wavelength to ensure its optimum quality, especially in certain
applications, such as when the optical transceiver module in which the TOSA is

located is employed in dense wavelength division multiplexing (“DWDM”)



illustrated enbodinent is thermally coupled to the submount 5033, can
assi st by 10 absorbing heat that has been transferred to the subnount from
the laser. This heat, which is absorbed by a portion of the TEC 5024 t hat
is located within the header assenbly 5020, is then transferred by the TEC
fromw thin the header assenbly to an exterior portion of the TEC | ocated
outsi de of the header assenbly, where it3@an then be dissipated. Cooling
the submount in this nmanner in turn cools the |aser 5034, 15 thereby
enabling its wavel ength to return to nornmal values. As nentioned, in
alternative ‘&?ﬁ%’@inﬁeﬂ% Mhyprgalty serpures Saticnd sxﬁ%lﬁé%&rq epnsHat Hewpvelengthe
subrmount 5033, kif,eheating of the |aser 5034 is desired. Further details
regarding TEC structure and operation within sinmilarly configured header
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di scl osed above. The above exanple should therefore not be intended to so

limt the prb@émlpaﬁqderﬁb@mg the mabmyuntnml thispmenngPe tom Sooknthel kasgrt H03ocker s

¢ edundanty ofe P& TER e lelsl, SRR vl OMIET o cipr BT IS,

noni toring aﬂﬁkr@@ﬁ*‘ereﬁibodﬁ@ém@m@rﬂm 562ckundte RPlbYeArtoRldathest 10 dies subntbunt
wavel ength | ockers, within a header assenbly of a TOSA to control various

paraneters of033 if heatingqef the éaserrﬁ,(i)g is desired. Further details regarding TEC structure

and operation within similarly configured header assemblies can be found in U.S.
Application No. 10/231,395 entitled “Header Assembly Having Integrated Cooling

20  Device”, filed August 29, 2002, which is incorporated herein by reference in its
entirety.

In accordance with the present discussion, the wavelength locker described
above is especially useful for tracking the primary optical signal over time to
determine wavelength drift, or for stabilizing the optical signal during TOSA

25  operation. In addition, because the wavelength locker (or MPD) in at least the above
embodiments is located on the same submount, the ability to test both the laser and
the wavelength locker (or MPD) before their incorporation into the hermetic portion
of the header assembly is made possible. This facilitates easier testing and/or
replacement of these components compared with prior methods. Ultimately, this can

30 represent substantial cost savings in TOSA manufacturing, especially in low yield

production runs where faulty devices may be relatively common.



10 functionality is facilitated through the nulti-layer platformthat forns
part of the header assenbly and provides a sufficient nunber of :

i nterconnects to enable laser nonitoring and control conponents di sposed
wi thin the header assenbly to be electrically connected to control and

ot her conponents | ocated outside of the header assenbly. 15 The present

i nventi on may be enbodi ed in other speC|5lc fornms without departing from
its spirit or essentlal characteristics. The descri bed enbodi nents are to

be considered in spect i Il ustrat o restrictive. The
scope of the inv 1?1 afiglﬁ ﬁ tﬁ?\&%@&?‘i its; op§ration % CE?/SC H”i’%i%p% etetisals
rather than byméhigg far @&ﬁhg‘@heaﬂﬁt§cﬁdaﬂéﬂ agsenysi;l BhPBE&Ss (AR bE YRR LED hhn the
nmeani ng and range of equivalency of 20 the clains are to be embraced

within t he| r cernspEon thhﬂMMBelellgthAOﬂ@ad@ﬁloa@is@bﬁWby Theabpvé¢ skample shirdd e

g d h
portion 5 1t SepuptA b MBI Db Ml ol B EPET Edl ORIkl MAT B

| ocat ed oper askmlvyleﬁghrﬂeclteﬁ‘d chi® HehéisérdieBr bositidded @ORlid aibmodneifl @saed,dRyi ce
bei ng capabl e of pr odu(i; a coherent optical signal; and neans for
detecting a pBMOSGPISE Wﬁ@lcdmrlt%%ld%?l@ﬁal pr oduced by the | aser device, the

means for detectifg aﬁﬁnth%p@re dxegl negcltegre%cfﬁ m% r 14 ﬁa{drﬂ{ aﬁﬁ Mfirol

portion. 2. A header asse aim erel i neans for
detecting detcempsnemtq;)csm ad moaitonphdtb@oﬂaszﬁrd wewdlamth Bckérshedttlar a dssdenbl y

as defined in_cl t he ans for detectln rmnl rs t

portion of tR&EC B‘%ycoil “ﬁgﬁ& ﬂi 508%&58?“‘31%%{%’5@% 0tfh aﬁef) 'glﬁlﬁ of
the optigal Sif@hdhalRy Qdusatay thitigha®ermaBbee- pldtforf hﬁ@%ﬁma%é&fm' e @S
defined in claim1, wherein the | aser device andp the neans for detecting

are | ocated Sfadsr esvembbe apd provédaspo Aetficiept atllfnbﬁrwf Umcommnﬁpctaemablpllaset orm
e Gy (et PmoriBRNE S8 ool NSplddhHL Airbda RGN, e rtads ASAREL BOBE™' Y

as defined in ¢ e neans
moni t or phot eltcwidelly Gonndcledadl ebntadsaﬁﬁbitﬂer&‘én@@ﬁéﬂ’dﬁlbchﬂéd Qusside df; th%@éd%k n the

means for
assembly.

15 The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects 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

20 the claims are to be embraced within their scope.



detecting conprises a wavelength | ocker. 7. A header assenbly as defined in
claim1, wherein the MLP includes a plurality of electrically conductive
pat hways that electrically connect with the |aser 25 device and the neans
for detecting. 8. A header assenbly as defined in claim1, wherein the base
portion further conprises: a base; and a cap that attaches to the base to
define a hernetic enclosure, wherein 303%he interior M.P portion is

| ocated within the hernetic enclosure. 39 5 10 15 20 9. An optical

transcei ver rTEd | e, conprising: a shell containing a receiver optical
subassenbl y %—ﬁ&%) and a transmtter optical subassenbly ("TOSA"), the

TOSA including: aj headgr.as39hbly, cBARLLRENY: @ hernetic enclosure; a
mul ti-layer platform ("MP") that partially extends into the hernetic
encl osure to define anabasegoitom; portion that is contained within the

herneti c encl osure and an,exteripr rtion.-.the MP including a plurality
of stacked | ayers con%ggléta')f%'ﬁgg’rtfﬁﬁﬁg el f@PFX%§®W%ﬁh?g§%€%@
conductive pat hwyddfife érdidafd @Rtefibr MEISHor@ei®; Of the stacked |ayers, the
at | east one conductive pathway extending fromthe interior ortion to
the exterior portion of laspredavige; logated pprseiny cowractad|ty the IMMEBPQHWFH on
of the MLP and | . £ Rl E r 4G . I re, t. t havi ng
a surface on whi c%%géﬁgg%égjrléeg&ee\% %%%P@glog@%tdggsgt% ﬁgﬁ%{g@eorptngglvs?#’gﬁ%ggpabl e of

produci ng an optical smgaal foralettcdig lacgation e thebpttadrsignb iptddaoed borthé he
surface of the subnount to receive portion of the optical signal

produced by laser device, the means for detecting being operably connected to the interior
10 MLP portion.
2. A header assembly as defined in claim 1, wherein the means for

detecting detects a power level of the laser device.

3. A header assembly as defined in claim 1, wherein the means for

detecting monitors the portion of the optical signal to detect a change in the
15 wavelength of the optical signal produced by the laser device.

4, A header assembly as defined in claim 1, wherein the laser device and
the means for detecting are located on a surface of a component platform, the
component platform being operably connected to the interior MLP portion.

5. A header assembly as defined in claim 1, wherein the means for

20  detecting comprises a monitor photodiode.

6. A header assembly as defined in claim 1, wherein the means for
detecting comprises a wavelength locker.

7. A header assembly as defined in claim 1, wherein the MLP includes a
plurality of electrically conductive pathways that electrically connect with the laser

25  device and the means for detecting.

8. A header assembly as defined in claim 1, wherein the base portion

further comprises:
a base; and
a cap that attaches to the base to define a hermetic enclosure, wherein

30 the interior MLP portion is located within the hermetic enclosure.



the | aser device. 10. An optical transceiver nodule as defined in claim?9,
wherein the hernetic enclosure conprises: 25 a base; and a cap that
cooperates with the base to define the hernetic enclosure. 11. An optical
transcei ver nodul e as defined in claim 10, wherein the MLP hernetically
extends through the base. 12. An optical transceiver nodule as defined in
claim9, wherein the at |east one detecB8r is a nonitor photodiode. 30 13.
An optical transceiver nodule as defined in claim9, wherein the at | east
one detector is a maveleng%h ocker. that &ncludes first and second nonitor

|
phot odi odes. 40 14 An ’Gélltralnﬁ%eﬁ%eéé‘?(iﬁé‘ © aRE%s defined in claimi13,
wherein the first nonigt 9oy PORALRLELL AL rdcRRL dBEcA éﬁ@é(s%laﬁﬂ@f bi@@ﬁs\ﬁg&? a

filter. 15. An optical transceiver nodule as defined In aim?9,

the at | east one tropsmiiter dntizabsubhssambbf (“THS ARLPhé TOSAdesluding: conduct i ve

pat hways that 5 cooperate mﬁkhf;gndu&iive Bathways | ocat ed on t he subnount
to electrically connect w 1 ?’41(5 PEERP (P8 8nd the at |east one
detector.s516. An optical transceahermémdatRs@s; defined in claim15, wherein
the at |east one detector is electrically connected to one of the
conductive pathways of the subm3uBBltibhaye platieramdSVMLRY) thpt partisdlsdextends

asserbl y for use In an optlGab d AAREL GAITRIW SooncoBIILR] Dk Bret i ©

encl osure fornmed by a netal [l ase and a cap nechani ca ached fo the
base; a multi-layer platforcofthiked" yithiar tht ileahetc extlsakiengnd harougkerdone 15

an exterior portion |ocat eBoBESIbG -0 HE L POTINYI 6 AHERS HOWEP
includingy an upper insul atbfifodedVfceraffic IatfalRHALE af RUS onRRVhAZLRet OP
and bottom surface, the
pathway is defined on at least one of the stacked layers, the at
least one conductive pathway extending from the interior
portion to the exterior portion of the MLP;
a submount operably attached to a portion of the MLP
15 and located within the hermetic enclosure, the submount having
a surface on which a laser device is located, the laser device
capable of producing an optical signal; and
at least one detector positioned on the surface of the
submount to receive a portion of the optical signal produced by
20 the laser device.
10.  An optical transceiver module as defined in claim 9, wherein the
hermetic enclosure comprises:
a base; and
a cap that cooperates with the base to define the
25 hermetic enclosure.
11.  An optical transceiver module as defined in claim 10, wherein the
MLP hermetically extends through the base.
12.  An optical transceiver module as defined in claim 9, wherein the at
least one detector is a monitor photodiode.
30 13. An optical transceiver module as defined in claim 9, wherein the at
least one detector is a wavelength locker that includes first and second monitor

photodiodes.



internedi ate | ayer having a plurality of conductive features on its top 20
surface; a |lower |ayer having a top and bottom surface, the |ower |ayer
having a plurality of conductive features on its top surface; and a
subnount | ocated within the hermetic enclosure including: a | aser device

| ocated on a nounting surface of the subnount, 25 the |aser device being
electrically connected to at |east one o#0the conductive features of the
M.P; and at | east one nonitor photodi ode | ocated on the nmounting surface
of the subnount, the at |east one ponitaor. photaqdi ode bein electrically

connected to at |khst dnerbsalinaseysrmodpleasidetined wclgm | heavimpeinte Gist

posi tioned tQ.hiehetRlodRindl8ast vwavknbin,eld tical signal enmtted by
the | aser dev?cle. %Efll 180. Anie%ger asse%%]l ypas egg??‘%ed in claim1l7, wherein

t he conductive fEaturés apficilheansegieerneddde esldefieed af clahe IYlvkhereinlthelat at

| east one caonductive transm ssion Line endi fromthe exterior _portion
to the int e?lleeﬁ? Oﬁ’Sr‘f"inf}H&B’F Rﬁ@wmé the 3&% é%(’g‘f&gﬁ@’ocmﬂﬁtf‘fe\/gat VRrnthak; gnal
I'i ne contsact cqaperateOfifth @EndURtiVE Bath®sly€1dcRied RAM the QBmAnt |16 3Rk trRARY CORdUEt i ve

intermedi ate | ayer general signal |line contact pad |ocated on ¥he exterior

portion; andwidh thedaser deviee enshidla ot ieoss onadetestedi at e | ayer general signal |ine
portion, 10 the | east _on eneral signal Line porti.on.terynating, at a
£ § o8 e BFRRA T MG PR AU U Ry

contact pad on the” interror portion. S in

claim 18, whieisstione idecloaseelecieicalbecimmected & bh¢ oatHeyconaidiBetRehwaystofhe
transm ssion |lines of the internediate |ayer of the MLP. 20. A header
assenbl y as WERONBLLY Wirebandh 19, wherein the at | east one 15 nonitor

ohotoc ofe 19,1 P LOA WAGPIIGERSS 'y L1e ur' e Al echas ompenel
20, wherein the comgucingre features of the |ower |ayer of the MP include:
at least one conducti Va(la h r%%g %nc i)s%?g lforlnieg%ygor{létgl?irc] b%geagncf asca%lrggc I;uili%a Il}ll y
attached to the base;
a multi-layer platform (“MLP”) hermetically extending through the
15 base to define an interior portion enclosed by the hermetic enclosure and an
exterior portion located outside of the hermetic enclosure, the MLP including:
an upper insulating layer;
an intermediate layer having a top and bottom surface, the
intermediate layer having a plurality of conductive features on its top
20 surface;
a lower layer having a top and bottom surface, the lower layer
having a plurality of conductive features on its top surface; and
a submount located within the hermetic enclosure including:
a laser device located on a mounting surface of the submount,
25 the laser device being electrically connected to at least one of the
conductive features of the MLP; and
at least one monitor photodiode located on the mounting
surface of the submount, the at least one monitor photodiode being
electrically connected to at least one of the conductive features of the

30 MLP and positioned to intercept at least a portion of an optical signal

emitted by the laser device.



20 connected to the at |east one ground signal |ine contact pad by at |east

one conductive via, the at | east one ground signal |ine portion being
aligned with the at |east one transm ssion line on the internediate |ayer;
and at | east one |lower |ayer general signal line portion that is
electrically connected to the at |east one internedi ate | ayer general
signal line portion by a 25 conductive $ita, the at |east one |lower |ayer
general signal line portion also being electrically connected to the at

| east one internediate | aye eneral sjgnal .lipe contact pad by a .
conductive via. 2 %'A ﬁé§§¥%rg§§@ﬂEY?sé%%H%lPh@ Rl %) ‘ﬁ@?ﬂgeWﬁE@éﬁﬂe;he
submount s fR@skd HOME hteRRi AL er JT8hd MIS th@gpor tion of the MP within
the hermetic enclosure. 30 23. A header assenbly as defined in claim22,

further conprising: aat lvestnale gindyctiet trarismibsion lineeexdtti@ingl Southe exbemder

assenbly as defin in ai-m 23 erepLp t laser device is an

edge-em tting Ias?gﬁmﬁéghfln%gﬂgP&ﬁggghﬁ?gﬂﬁg’defined in claim24, wherein
the lasersdevice if a aflleattrodeudondudtbedbactd tigsflineTodfict fadRRERA ASHETDI Y
for use in an optical transceiver nodule, conprising a hernetic enclosure

formed by a netal FKETpERANAMd nechanical ly attached to the base; a

mul ti-layer platform (" ) ] 2E Al . I Q se to
define an interior por??%ﬁ“éﬁ%ﬁ%gggaﬁé]%ﬁgﬁﬁ%%%g%?%2%%%%gggyémiﬁﬁ&g%§%
exterior portion lpathicettd outls eketerafr pottmnheddret i ¢ encl osure, the MP

including: an upper insuylating | yer, .an u&ger i nternmedj ate | ayer having a

er: i
top and bottom surfaced e?ﬂé’ﬁ?pﬁﬁ’@& (e dRrigERrdite lpvey epnial fiavpl IS IneFti Yty of

conduct i ve feat ur g at18sPBnd él&él’@ifg%ﬁlrﬁx?&ﬁ‘drti& ké?ffﬁ{atihgfaﬁﬁ%@&h&:ﬁd' VRE
having a plurality of conductive features; a |lower |ayer having a bottom

surface substantiaﬂﬁyﬂd@ﬁéﬁed by - a conductive material; and 20 a subnount
located within t h§9.her E&eﬁéaﬁere%%érgglljlfra%’deﬁggd Fnua%u %, wherein the laser device is

electrically connected to two transmission lines of the intermediate layer of the MLP.
20. A header assembly as defined in claim 19, wherein the at least one
15 monitor photodiode is electrically connected to two intermediate layer general signal
line portions of the MLP.
21. A header assembly as defined in claim 20, wherein the conductive
features of the lower layer of the MLP include:
at least one conductive ground signal line portion that is electrically
20 connected to the at least one ground signal line contact pad by at least one
conductive via, the at least one ground signal line portion being aligned with
the at least one transmission line on the intermediate layer; and
at least one lower layer general signal line portion that is electrically
connected to the at least one intermediate layer general signal line portion by a
25 conductive via, the at least one lower layer general signal line pdrtion also
being electrically connected to the at least one intermediate layer general
signal line contact pad by a conductive via.
22. A header assembly as defined in claim 21, wherein the submount is
positioned proximate the interior portion of the MLP within the hermetic enclosure.
30 23. A header assembly as defined in claim 22, further comprising:
a thermal slug attached to the MLP.



including: a |aser device |ocated on a nounting surface of the subnount,
the | aser device being electrically connected to at | east one of the
conductive features of the MLP; and 25 a wavel ength | ocker |ocated on the
mounting surface of the subnount, the wavel ength | ocker being electrically
connected to at |east one of the conductive features of the M.P and
positioned to intercept at |east a port#bn of an optical signal emitted by
the | aser device. 30 27. A header assenbly as defined in claim26, wherein
the conductive features of the qper i pternediate | ayer, include; 43 5 at

| east one conduct #¥e t PIFeHFTASTERPLY jah delingd ig i Tt iR ghe fageh denice is

exterior porji gpeandidf@iflepati ng on the interior portion of the MP, the at
| east one transm ssion i1 ne structure including a co-planar transn ssion
line positioned Betwedrheader agsembhyl asdefmatl it claan 24y Wharpinghe lasarstevizaef a

conductive u&g%&)yiegﬁg%ﬁga{ﬁge | ayer general signal line extending between

the exterior “Ti nteri or portion of the MLP, and at |east one

conductive signal 24.i neACORERS! a8RbBOSHo | @Gy Ofh tdiRicaXttREéHNer PRIJdLRN Of
the MLP. 10 28. A header assenbly as defined in claim27, wherein the |aser
device is el ectré@apuyngonnected to two transm ssion |line structures of

t he upper internediate F , . Ah er._ assenbl y.as. defi ned
in claim28, wherein t%eﬂe\%g%ﬁ grl]ch{)%?e :%&%fgysa élfeg%ﬁ(r:ib@a? Ia9 c%%ﬂlg‘?ftcg to

four upper intermaichédtol thybisegeneral signal lines of 15 the MLP. 30. A
header assenbly as defined in claim rein the wavel ength | ocker

conprises dual noni tor?ﬂﬁ‘éﬁidﬂﬁ’%d@%tforégé“l\\g?dg¥hberﬁﬁﬁp%lbi' cxiepdingitbwegh Hhei ng a
e L e
interior portion eftetidrepodidn Mdtbd putside ofi therhetmeticeanclogsuer the MLP including:

an upper insulating layer;

an upper intermediate layer having a top and bottom surface,
the upper intermediate layer having a plurality of conductive features

15 on its top surface;

a lower intermediate layer having a plurality of conductive
features;

a lower layer having a bottom surface substantially covered by
a conductive material; and .

20 a submount located within the hermetic enclosufé, the submount
including:

a laser device located on a mounting surface of the submount,
the laser device being electrically connected to at least one of the
conductive features of the MLP; and

25 a wavelength locker located on the mounting surface of the
submount, the -wavelength locker being electrically connected to at
least one of the conductive features of the MLP and positioned to
intercept at least a portion of an optical signal emitted by the laser
device.

30 27. A header assembly as defined in claim 26, wherein the conductive

features of the upper intermediate layer include:



32. A header assenbly as defined in claim31, further conprising: a TEC at
|l east partially positioned within the hernmetic enclosure and configured to
renove heat fromthe subnount. 33. A header assenbly as defined in claim
32, wherein the laser device is a 25 distributed feedback |laser. 34. A
header assenbly as defined in claim32, wherein the | aser device is an
externally nodul ated | aser. 43

at least one conductive transmission line structure extending from the
exterior portion and terminating on the interior portion of the MLP, the at least
one transmission line structure including a co-planar transmission line
positioned between two ground signal line strips;

5 at least one conductive upper intermediate layer general signal line
extending between the exterior portion and the interior portion of the MLP;
and

at least one conductive signal line contact pad positioned on the
exterior portion of the MLP.

10 28. A header assembly as defined in claim 27, wherein the laser device is
electrically connected to two transmission line structures of the upper intermediate
layer of the MLP.

29. A header assembly as defined in claim 28, wherein the wavelength
locker is electrically connected to four upper intermediate layer general signal lines of

15 the MLP.

30. A header assembly as defined in claim 29, wherein the wavelength
locker comprises dual monitor photodiodes, one of the monitor photodiodes having a
wavelength-dependent filter located therein.

31. A header assembly as defined in claim 30, wherein the submount is

20 positioned proximate the interior portion of the MLP within the hermetic enclosure.

32. A header assembly as defined in claim 31, further comprising:

a TEC at least partially positioned within the hermetic enclosure and
configured to remove heat from the submount.
33. A header assembly as defined in claim 32, wherein the laser device is a

25  distributed feedback laser.

34. A header assembly as defined in claim 32, wherein the laser device is

an externally modulated laser.



