ONU TRANSCEI VER DESI GN BACKGROUND OF THE I NVENTION Field of the Invention
[ 0001] The present invention generally relates to comrunication systens. In
particular, sonme exanple enbodinments relate to an optical network unit
(ONU) transceiver nodule configured to ensure I/O pin alignnent, prevent

tilting, and/or position the t iver nodule at a
predet er mi ned hei ght above a ?@g{f%ﬁﬁrﬁa%lsy}ﬁi%ard (PCB) having a
protrudi ng socket. Related Technol ogy [0002] Interest in broadband opti cal
access networks is growi ng, driven by an increasin demand for high-speed
nul ti medi a services. Opticdh K@@ggﬂﬁgﬂW%?ﬁﬁlépﬁﬂﬁ referred to as
fiber-to-the-curb (FTTC), fiber-to-the-building (FTTB),
fiber-to-thedpfdrilgeentiBAITP), or fiber-to-the-home (FTTH). Each such
networ k provides an access froma central office to a building, or a honeg,
vi a opti cqglodl]beriheipnesant iapértioal gesabllerelfAés foh@niniaicdios Syaeme U dnpartiyul of
such an optical cable is nmuch greater than the bandw dth actually required

by each suURgxaRSle cRBGRInYRs FhicCR! aEHNAI ketwbROWit SONTHrRRENES mIRNY
subscribers through splitters have been devel oped. [0003] Referring to

Figures 1 - on r iver dul 0, an h
device 10 Oarél réﬁ%’\/\%ﬁ%%@%%%%eg%’lgfr%‘ggpﬁ%%& gndi%g)#ﬁ%fllj}g%?pi O%p%ff %ﬁ}tT put
(1/0) pins 104 that, are plugged i.nto the host device' s 102 infer CB
106 The aRereishardiert Rbtiiamihehoes e B eiiesr St pord 2RCRE
cable to connect to the ONU transceiver

having a protruding socket.

Related Technology
[0002] Interest in broadband optical access networks is growing, driven by an increasing
demand for high-speed multimedia services. Optical access networks are often referred to
as fiber-to-the-curb (FTTC), fiber-to-the-building (FTTB), fiber-to-the-premise (FTTP), or
fiber-to-the-home (FTTH). Each such nefwork provides an access from a central office to a
building, or a home, via optical fibers in an optical cable. As the transmission quantity of
such an optical cable is much greater than the bandwidth actually required by each
subscriber, passive optical networks (PON) shared between many subscribers through
splitters have been developed.
[0003] Referring to Figures 1A and 1B, a conventional ONU transceiver module 100 énd
host device 102 are shown. The ONU transceiver module 100 includes input/output (I/'O)
pins 104 that are plugged into the host device’s 102 internal PCB 106. The ONU transceiver
module includes an RF connector 108 for an RF cable to connect to the ONU transceiver

module 100. More specifically, typical ONU transceiver modules 100 have 20 I/O pins in a




nodul e 100. More specifically, typical ONU transceiver nodul es 100 have 20
1/0 pins ina 1 rowprotruding fromthe bottom of the ONU transcei ver
nodul es 100 and the standard RF connector 108 for transm ssion of an
el ectrical video signal. One exanple of a standard RF connector used is a

Cr ansoer vero DR RGO {TOSRP e PR GOT Aorcei et BBt el aieiThd R

connector 110 conflgured to receive the 1/O pins 104 of the ONU

transcei veforageion H81ion rapsarissieoh aeelentiogal isen gleadn fine grmpiaoef astindagsREbove
the PCB 106, the nodule 100 has to be raised to a height which is at the
same |ev etonasctoltme@ isot BuldNlingptare @M BY contecterdhygmegtensdes fiof 4 side ohtha QN
nodul e 100 is plugged into the host device 102. Additionally, proper

functi oni ngadsegurmesiuldEi0. the 1/ O pins 104 are plugged into the correct

hol es of the protrudi ng socket 110. [0005] The conventional nodul e 100 of

Figure 1A jopgyjudepnaaki &H&eﬁ@@ﬁﬁlﬂ&&s Tﬁ%f&ﬁﬂ'h%s&mnéd&ﬁsﬁ olodRfiAlrePloaB®oive the
including a pIurallty of stepped guide pins 112A-112C and a stabilizing

b 114.
Lo 160 At (?J"Qfaﬁ%f@ﬁ%&ﬁ%%e"? hoMfi IO Befisg B pidERaRe SUhitR8 100"
118A-118C and st abi | b,114 d t .the host devi
102 pCB LoBss Alrisdht hEBGfuibe nagale g0mRe kebiarL el ot it BebfRsaihg
connector 110 to prevent tilting when the nodule 100 is ed into the
host devi cleval@s themiatrglingirongepipnl dteauevensdting avhen Hig 1@9@3@118 ispdugeed 8itg ed

by guiding holes 120A-120C on the host PCB 106; alignnment of the guiding
pi ns 116A-thd GGstvddvicet HE. Additionally, proper functioning requires that the I/O pins 104 are

plugged into the correct holes of the protruding socket 110.

[0005] The conventional module 100 of Figure 1A includes various features to address
these two problems, including a plurality of stepped guide pins 112A-112C and a stabilizing
rib 114. Each of the stepped guide pins 112A-112C includes a guiding pin 116A-116C and
a stepped portion 118A-118C. The stepped portions 118A-118C and stabilizing rib 114 are
configured to rest on the host device 102 PCB 106 to raise the module 100 to the same level
as the protruding connector 110 to prevent tilting when the module 100 is plugged into the
host device 102. The guiding pins 11.6A—116C are configured to be received by guiding
holes 120A-120C on the host PCB 106; alignment of the guiding pins 116A-116C with the
guiding holes 120A-120C aligns the IO pins 104 with the corresponding holes of the
protruding I/O socket 110. After aligning the guiding pins 116A-116C with the guiding
holes 120A-120C, the guiding pins 116A-116C can be received in the guiding holes 120A-
120C, allowing the I/O pins ‘104 to then be inserted into the correct holes of the protruding

I/O socket 110.




gui di ng hol es 120A-120C aligns the UO pins 104 wth the correspondi ng hol es
of the protruding 1/0 socket 110. After aligning the guiding pins
116A-116C with the guiding holes 120A-120C, the guiding pins 116A-116C can
be received in the guiding holes 120A- 120C, allomjng the 1/0 pins 104 to

t hen be i ed into.the correct hol f e rotr in 1/0.socket 110.

> [o006] BUGIFIor Hare oL e siERed e Pl 121 RE Ta B et chonn LB e n
that increases the nunber of separate parts used in assenbllng the nodul e
100. Generthd pymegfieepigate padhuseddy .aﬁseﬁwﬁng gherpodide 404 nGeerrallespralongsasehh) y
not only increases the cost of the nodule 100, but also increases the

pr ocesses adéigonziqaritwed gsmmibile 100 esa‘embﬂjshmwnbr wdigases tvbeabubihe matlulchE)0,
conventional nodule 100 of Figure IA holes are fornmed in the nodule 100 to

recei ve eaghals®inckdagesshe proeessgiitetiifgl 1l d3sendble the fihi2dGed pasRchOMBf00@&NinVEaKEN
the shell structure of the nodule 100. Furthernore, the guiding pins

116A-116C c@ﬁ@en’h@ﬁaﬁtrﬁdﬁﬁillé/ 14PHYOF; ERRNA, @Lglers Qre foRBEd inttha WRidGle FOOCR bodte dabg
gui ding pins | 16A-116C may be Susceptible to breaki ng or bendi ng. [0007]

The host d i C 0 ost s nd

confi gur ed Yl}) %e‘;p% FJ“%QE tps. lqgjéé g}%n% gée 0% ga%(g gw %‘eﬁ Sfrgatﬁléaa‘fjfzt vvay
fromthe nodu 0 or t he heatsink to o te effectlv ly, the dul e
100 nust H@dﬁifs#?ql %@H gimoze. the &k irield M@F& arg g\ Vel doperept e duien
the nodul e 100 is plugged into the host device 102. Mdul e designs that do.
not neet thyar ﬁ]@n@tﬂr spely that dhe griding/ping d 1pA- Y18 Csmay dre susespbibledtot breding oe

proper contact with the heatsink.
bending.

[0007] The host device 102 further includes a plurality of posts 122A and 122B
configured to be coupled to a heatsink (not shown) to dissipate heat away from the medule
100. For the heatsink to operate effectively, the module 100 must be positioned at a
predetermined height above the PCB 106 when the module 100 is plugged into the host
device 102. Module designs that do not meet the height requirement have to be raised or
lowered to ensure proper contact with the heatsink.

[0008] The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above. Rather,
this background is only provided to illustrate one exemplary technology area where some

embodiments described herein may be practiced.




[ 0008] The subject matter claimed herein is not limted to enbodi nents that
sol ve any disadvantages or that operate only in environnents such as those
descri bed above. Rather, this background is only provided to illustrate

one exenpl ary technol ogy area where sone enbodi nments described herein may

be practiced. 3 BRI EF SUMVARY OF T n general, exanple
enbodi nents of the invent |W¥é%&%%wﬁh%ﬁé@§%@ nodul es confi gured
to ensure 1/O pin alignment with protruding sockets of host devices, to be
posi ti oned0889]pr ddegeaensl, rxamipls gtnggdlamﬁseoft the inestionavlateety, O tgnsaeyer
prevent tilting of the ONU transceiver nodul es when plugged into the host

devi ces. [A6&¢s donfigmed ex amgokeel/Onindligremdnt wathpiroigahind soolbis) of hastsieeices ito
nodul e conprises a top shell, a bottomshell configured to mate with the

top shell gOpdsfoRed af plidtyrmiAlhagCBbowt §B BsactieMdeli andldaeo @eeaeﬁtytﬂﬁ&% of
plurality of 1/0O pins are coupled to the PCB and are configured to be

i nserted itﬂégg\g‘g% tcgivgj‘ﬂ‘gi‘g%%ﬁﬁﬁ%‘é@ﬁﬁﬁh@gﬁﬁ‘fe%i"tep-rOugh the bottom

shell. The p rudi ng soc I'S CB of the host device. The
pl uggabl e transcei ver, nodul,.e further LSes._one or e quidin
features iRPEYr a-tlgdmﬁ/ief‘?fmt’lﬁeemq]xﬁ’glr? %H@Iggﬁaiag)rht@ﬁr@p%cﬁ}vgarr{oggﬁgncgu ek |
the VO pins are inserted correct Icg into the_ protrudi % socket, and neans
for posititemshRl eettpeshel eppiigiredtognaigayilly e ferished; [gHPrma B SoULY: PR APER of
the host device to allow coupling of the top shell to a heatsink of the
host devi ahspos§d@dthin the enotyheA ghaalpl eofel@opinsreame cowplpd dgdhd RO are
transcei ver nodule conprises a top shell, a bottomshell configured to
mat e Wit h dohfigiired tebeinkerted ihorapratrodivi kyckendl £ host device through the bottom shell.
The protruding socket is mounted on a PCB of the host device. The pluggable ONU
transceiver module further comprises one or more guiding features integrated with the
bottom shell and configured to ensure that the I/O pins are inserted correctly into the
protruding socket, and means for positioning the top shell at a predetermined height above
the PCB of the host device to allow coupling of the top shell to a heatsink of the host device.
[0011]  Tn another example embodiment, a pluggable ONU transceiver module comprises
a top shell, a bottom shell configured to mate with the top shell to form a cavity and further
configured to position the top shell at a predetermined height above a PCB of a host device,
and a PCB disposed within the cavity. A plurality of /O pins are coupled to the PCB
disposed within the cavity and are configured to be inserted into a protruding socket of the
host device through the bottom shell. The protruding socket is mounted on the PCB of the
host device. The pluggable ONU transceiver module further comprises an opening formed

in the bottom shell and configured to ensure that the /O pins are inserted correctly into the

protruding socket.




configured to position the top shell at a predeterm ned hei ght above a PCB
of a host device, and a PCB disposed within the cavity. A plurality of 1/0
pins are coupled to the PCB disposed within the cavity and are confi gured
to be inserted into a protrudi ng socket of the host device through the
bottom shel l. The protrudi ng socket is. nounted.on e of the host

devi ce. TI‘[QOH}uggﬁbY% et rerqgpls wabodimehe? fﬂ?ggﬂég Qgﬁrtf@é%e“ﬁiﬁ %‘B&Han
formed in the bottomshell and configured to ensure that the 1/O pins are
i nserted cwmesed  tapribelltleottogy sheilwang@lr%&@ﬂt_e witlf he 101 shell tg dernnpsaties
exanpl e enbodi nent, a pluggable ONU transcei ver nodule conprises a top
shel |, a lmtitaoPCB hidpbsedowithigunechvity. mapkrality bf I/Repito presioepled tto tfeol OB and
cavity, and a PCB disposed within the cavity. A plurality of 1/O pins are

coupl ed t qir§ benfRGRdERthe ME@taAARol Opfotflding JB6kdt RS QrHosdddvildeOthfbugh Aké btkdig

socket of a host device through the bottom shell. The protruding socket is
nounted o P ol Lot I hSst t i § LYigL ofRgul e
further c%ﬁ%ﬁiEggﬁfQngﬁP@?ﬁbgﬁéggﬁ?%éﬂgéﬁ#ﬁggﬁg %%E%%%?éhe??ﬁ%ﬁd
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the top shell at_a predeterm ned hei ght abgve the PCB of the host device
to al | ow couhgyR toensprrethatgthe diGhpins pfe igseedicorrrthomte suTaspAidipglelepin the
[0013] Additional features of the invention will be set forth in the
descri pt i emotwilinghsockef, hadvncasmidr ippsipeming Wid topishelbbiva predetermained height above
description, or may be | earned by the practice of the invention. The
feat ures afic POB of theetuksi doviceay aldew cedlinged tiantdp sl nédatoink o deshoaf dévive.

i nstrunments and conbi nations particularly pointed out in the appended

claims. Thee@]'  Additional features of the invention will be set forth in the description which
follows, and in part will be obvious from the description, or may be learned by the practice
of the invention. The features of the invention may be realized and obtained by means of
the instruments and combinations particularly pointed out in the appended claims. These
and other features of the present invention will become more fully apparent from the

following description and appended claims, or may be learned by the practice of the

invention as set forth hereinafter.




and other features of the present invention will become nore fully apparent
fromthe follow ng description and appended clains, or may be | earned by
the practice of the invention as set forth hereinafter. 5 BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0014] To further clarify the above and ot her
features of the present invention particul ar description of the

invention will be rendereR WPEEGR@’H@@N@F%&DWM%dl ments thereof

which are illustrated in the appended drawings. It is appreciated that

t hese drawi0Atyy dEpifwtheonlayify thei abaie endothicrmisatmendf thi @résantemyvensionandnae e
therefore not to be considered limting of its scope. The invention w ||
be descri bggtiailg wR¥@iptionedthsiitventddivill beedndersd B¢ idlerehderoapetifietdbddilbiitough
t he use of the acconpanying drawi ngs in which: [0015] Figures I A and 1B

iI'lustrat eth@reﬁf)ﬂlﬂ?cﬂta%&'ﬂ%&tré@édjﬂgﬁ@!iﬁ)e% drmﬂ%g elt‘i?%pﬂ?&‘ilété@tha@ﬂfés@&}ﬁ&m%@w ce

having a protruding 1/0 socket, respectlve Y; ure 2 discloses

sonme of th I t r
nodul e acc(glp%f;(P %ﬁcrs‘ri%)te%%dl (ff r{hgl'fﬂ\?err]l\k}g%tl orel'}Jeq F%géfgr]e @gﬁrﬂg?@%ﬁéﬁég

di scl ose an exanple of a pl gabl e. ONU. .t ranscei.ver npdul e r di

embod nenflgnﬁmgt fis vt | IS e ionoTdl e Groraisdpoch exeirioed o8 eodfneale
exanpl es of pl uggabl e ONU transceiver npdul es according to embodinents of
t he i nventspesificity orttaiEhroEEER WO c@ccopRIPRERERRED BVBOEVENTS

[0015] Figures 1A and 1B illustrate a conventional pluggable ONU transceiver module
and host device having a protruding I/O socket, respectively;

[0016] Figure 2 discloses some of the components that may be found in a pluggable
ONU transceiver module according to embodiments of the invention;

[0017] Figures 3A-3D disclose an example of a pluggable ONU transceiver module
according to embodiments of the invention; and

[0018] Figures 4A-4C disclose two more examples of pluggable ONU transceiver

modules according to embodiments of the invention.




[ 0019] Reference will now be nmade to the figures wherein |ike structures
will be provided with Iike reference designations. It is understood that
the figures are diagrammatic and schematic representations of presently
preferred enbodi nents of the invention, and are not limting of the

bresent i nventi ofy iRty 5 HrsipRSSTAIE YRUFRR IO LRAABIVERAZO] Fi gur es

2-4C di scl ose various aspects of sone exanple €

i nvention. odi ts of 1the ONU transcejv nodul e may, anong oth

i ngs. _or0TE > HeRes” el b eomadnds ht) Hemsbbrsty T eI OVl e
into a correspondi ng_host device's_ protruding connector, prevent tilting
of the ONUPreYided mﬁa@ refsensedenieantionsu dige andersieod hat thsdiguregavg diegrammtior
position the top of the ONU transceiver nodule at a predeterm ned height
to mate widnd sshéreaticsiepdesdndatioan etfiptesentlypréfostd debodimentsalf ¢hed inaéntioheand are
principles disclosed herein can also be applied to other pluggable

comuni catre® finfieiibRfe phede idvefligh, Ror 8t kHeRMRBdssartly diavitr 8\e416. on, and/ or
nodul e hei ght positioning are desired. 1. GENERAL ASPECTS OF SOVE ONU

TRANSCE Vﬁﬁoi\@ULlﬁgfx{eQ Qﬁcﬁc} e&écﬂiéé &afiold 'ak&?etc{sa&e%(gﬁf ;E%%@Bl_et %}ﬁ%&ﬁ]ﬁﬁ@lggg | %e&%t

may be found i'n a ugg ONU transcei ver no plu
transcei ver dul 00.can . ipgl n_ optical, connector 2 configured to
conneot 1 Meaph By pRE Iy R S PR Fardine S Rt B
upstream and downstre optical communication over the single fiber 210.
The si ngl &TPRHEsCHLY %?he 5@%&@?%@ € {/Purips indg, 8 gomespapding ko devieeser |
The single fiber 210 can also include a fiber pigtail connecting the
pl uggabl e roNdingpmertor Prevsditiléing 06 thet @NUhigansedi womkodpicawheroplinggeds intsethe
optical connection at another end of the fiber pigtail. 7
host device, and/or position the top of the ONU transceiver module at a predetermined
height to mate with a heatsink fastened to the host device. Note that the principles disclosed
herein can also be applied to other pluggable communication modules where /O pin

alignment, tilt prevention, and/or module height positioning are desired.

L GENERAL ASPECTS OF SOME ONU TRANSCEIVER MODULES

[0021]  Figure 2 illustrates some of the components that may be found in a pluggable
ONU transceiver module 200. The pluggable ONU transceiver module 200 can include an
optical connector 205 configured to connect to an optical network via a single optical fiber
210 for both upstream and downstream optical communication over the single fiber 210.
The single fiber 210 can be a single mode fiber, such as an SMF-28E fiber. The single fiber
210 can also include a fiber pigtail connecting the pluggable ONU transceiver module 200

to the network via another fiber optical connection at another end of the fiber pigtail.




[ 0022] The pl uggabl e ONU transcei ver nodul e 200 i ncl udes an opti cal
triplexer 215 for separating received optical signals fromthe optical
network and for transmitting a transmt optical signal to the optical

fi ber. For exanple, the pluggable ONU transceiver nodule 200 can include a

triplexer | udi | i ' - ol 0sed..i t

wopl 1 a1 AV osheasee bR O ety PR AR RRL RS ich dhBxe R
hereby i ncorporated by reference_herein. .[0023] .The, pl abl e ON .

¥ Bnoei vaCbHBIRA Eooisbl PRceh R EPaBS ifal mevroriban B TRARBHErint By o
first optical receiver 220, such as a first photodi ode. The first receive
line fur tdnsical; signalitiethe aptical &ibert|Inr 2ammple, the pinepelle TS Harcaiyer medile 449 o
signal generated by the first optical receiver 220 froma received opti cal
dat a si gnadan ihicldpl aiggpleke DNlUdingansltieiatieg baltotube 20disClostchen Wibc|Rafked a

second receive line including second optical receiver 230, such as a

second phoigslicaden 1D/B19880Med e@BhME [1UN@0D8Y tite konteeh Usfe syhichs @0 hereBy A
235 for anplifying an el ectrical video si ghal generated by the second

optical r i refe g@(ﬁggin.es of optical receivers that my be used for
the fi rstqgﬁwgateggggﬁgregptl cal receivers 220, 230 include photodi odes,

aval anche odet.ect.ors -sem.conduct or-het al .detect ors |
ke " Too MiEhe HRGEEPEONT FRRREEE oRRE SAT R RIS naiSt rdPlauie,
transmt line_ includi ng a |laser 240 {;ch(rj gener at i n(gqéacp o%i (ri_al dat.a si gnal
from an eliBelpdingan figsh ontical gregiver [ 220esydgay p distapliotddipdey e Argt i5ceips G| es
of lasers that can be used for the |laser 240 include edge emtting |asers
such as ddutthe ihdudesasinstiBiAu?22s, foyemptifyingwn ¢lectseal ditastgnplgraerateddiysoe fipit ed

f eedback, and distributed Bragg reflector lasers, as well as vertical
cavity optical receiver 220 from a received optical data signal. The pluggable ONU transceiver

module 200 further includes a second receive line including second optical receiver 230,
such as a second photodiode. The second receive line further includes a second TIA 235 for
amplifying an electrical video signal generated by the second optical receiver 230.
Examples of optical receivers that may be used for the first and/or second optical receivers
220, 230 include photodiodes, avalanche photodetectors, metal-semiconductor-metal
detectors, and the like.

[0024] The pluggable ONU transceiver module 200 further includes a transmit line
including a laser 240 for generating an optical data signal from an electrical data signal
received from a laser driver 245, Examples of lasers that can be used for the laser 240
include edge emitting lasers such as double heferostructure, quantum well, strained layer,
distributed feedback, and distributed Bragg reflector lasers, as well as vertical cavity

surface-emitting lasers (VCSELSs), and the like.




surface-emtting |lasers (VCSELs), and the like. 8 [0025] Thus, the

pl uggabl e ONU transceiver nodule is configured to transmt and receive
digital data signals over the first receive line and the transmt line. The
ONU transceiver nodule is also configured to receive anal og video signals
over the second receive |ine. [0026] The pluggable ONU transcei ver nodul e

further ir8P2Res Thue Hhegrlvzaade (N, Fanseivern mOMUEi geonfignied ntoatiarsnEs@ndnd
vi deo contacts 255, respectively. The 1/0 and video contacts 250 and 255
are el ect meczavd gigdalugite dighialseetdr ythe dirsti madive dine yand i the deddirpit dimel The ENWry
and/ or a processor 260, to the |aser driver 245, first post anplifier 225
and the seg@peieshodul®lis falser confighred Tioeretéife camobactigec2 Signslanven thaldecoid
single linear array of electrical contacts, while the video contacts 255
can be parl.9fc i@ SMB or other RF connector. [0027] The |aser 240, first
optical recelver 220, and second optical receiver 230 each have a

i ferent BNt S PURISLIN AP ddIR, BHA0ARSIESRO YT (PR imeriecs e

transm tté er eby e triprexe eng associ a

| aser 240, first tical ceiver 220 a g second ptjﬁ]g‘%{é regeiver 230 can

be any’ wa eiEAiEE HOriRis S8 A Hiiss FaTBFS Jand P800V ha REMKP @Rd idrosaiiacts

enbodi nents. For exanple, the wavel engths associated with the |aser 240,

first opti2b8land @déiaverlectpigallyaemipledcbiredtinpiriipdirectls ved odditiopd cicantrp endboat

1310 nanoneters, about 1490 nanoneters, and about 1550 nanoneters. The

| aser 240 pearsdoe 26@ 36 tiod laserdlrivet 245 fisst postl anydifet 82g hid e sadymd tpodtaiplifier

nanonmeters, the first optical receiver 220 receiving digital data signals

can be as39¢i ahed/OMeddlachs 3508 inaNEh en@ldlimhr aRAYéS ddffcal contacts, while the
video contacts 255 can be part of an SMB or other RF connector.
[0027]  The laser 240, first optical receiver 220, and second optical receiver 230 each
have a different associated wavelength so that the signals received and transmitted thereby
may be triplexed. The wavelength associated with the laser 240, first optical receiver 220
and second optical receiver 230 can be any wavelength between 375 nanometers and 1800
nanometers in some embodiments. For example, the wavelengths associated with the laser
240, first optical receiver 220, and second optical receiver 230 can be about 1310
nanometers, about 1490 nanometers, and about 1550 nanometers. The laser 240 can be
associated with a signal wavelength of about 1310 nanometers, the first optical receiver 220
receiving digital data signals can be associated with a signal wavelength of about 1490
nanometers, and the second optical receiver 230 receiving analog video signals can be

associated with a signal wavelength of about 1550 nanometers. For example, about 1310

nanometers can refer to _wavelengths between 1290 and 1330 nanometers, about 1490




nanoneters, and the second optical receiver 230 receiving anal og video
signals can be associated with a signal wavel ength of about 1550
nanonet ers. For exanple, about 1310 nanoneters can refer to wavel engths
bet ween 1290 and 1330 nanoneters, about 1490 9 nanoneters can refer to
wavel engt hs between 1480 and 1500 nanoneters, and about 1550 nanoneters

can refer 1a50WEWE eagichd tp araxelensths hgwaem 148bmd, hifnmanamsters, god aboutHe>Yi deo
signal can be a CATV video signal which ranges between 55 negahertz and
870 negaheraneme®hecanptiet tl wasictimgths begmabn ¢ dad 1800 nancsnetes. pr ot ocol
television (IPTV) signal. The digital data signals can transmt digital

data at rafpessjoetmeerideo €pthi 1nChe/as GNTVIDFEeo KiphakXxdig eangofebeseennds
optical receiver 230 can receive data transmtted at rates of about 2.5

Gbp/'s and ﬁlg%hleﬁ@%‘hdzglﬁ) CRBalld@NSThE highlt AliedatRaPlad el Hhtern@DPEbtocbt 25
Gop/s. I11. PECTS OF SOVE EXAMPLE EMBCDI MENTS [0029] Referring now to

Fi gures 3A- . o} . o]} jv.er I
1 Fust r at Qareasisa g Bl o T SRl AR ol BT Lo st Rl T
illustrates an pl oded perspective view, Figures 3B and illustrate
upst de- dovitd P RBsetr TieR| ShE cxamRieHnG HeeonsE PP HoRl SRraER 20 B dEeaps
the ONU transceiver nodul e 300. [0030] The ONU transcei ver nodul e 300

i ncl udes dranopittadett ratgnof aheut 25 Kdpisomddhe laser3h cap dignsrait digitat datarat 1@ates of
together to forma cavity. As best seen in Figure 3A, a PCB 306 is

di sposed wibbhi h2% tépavi ty, upon which are nounted a triplexer 308 and

circuitry 310 that nmay include a processor or the |like. The PCB 306
further includes a plurality of I/0

IL. ASPECTS OF SOME EXAMPLE EMBODIMENTS

[0029] Referring now to Figures 3A-3D, an example of a pluggable ONU transcéiver
module 300 is illustrated according to some embodimentg of the invention. Figure 3A
illustrates an exploded perspective view, Figures 3B and 3C illustrate upside-down
perspective views, and Figure 3D illustrates a side view of the ONU transceiver module 300.
[0030] The ONU transceiver module 300 includeé a top shell 302 and a bottom shell 304
configured to mate together to form a cavity. As best seen in Figure 3A, a PCB 306 is
disposed within the cavity, upon which are mounted a triplexer 308 and circuitry 310 that
may include a processor or the like. The PCB 306 further includes a plurality of /O
contacts 312. A plurality of I/O pins 314 are coupled to the PCB 306 via the I/O contacts
312 and are configured to be inserted into a protruding socket 316 on a corresponding host
device 318 and to electrically connect the ONU transceiver module 300 to the host device
318. The ONU transceiver module 300 further includes an optical connector 320 configured

to connect to an optical fiber 321 1o access an optical network.
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contacts 312. A plurality of 1/O pins 314 are coupled to the PCB 306 via
the 1/O contacts 312 and are configured to be inserted into a protruding
socket 316 on a corresponding host device 318 and to electrically connect
the ONU transcei ver nodule 300 to the host device 318. The ONU transceiver

modul e S0G byt Nah doffd HeESiABOML B SEANIFL LAY Rgtr%@ncs%gﬁi[sggg ﬁbets%cﬁl%anect

to an optical “fiber 1 to access an optica I'n sone
enbodi nent.s he top shell 302 and. bottomshell 304 ca .secu

t oget her USBHRCTAIRIS ALY & 3 ivg?‘f}yo(% REYRs Tnh'l ﬂ“et ﬁlgg‘éﬂﬁ’(‘fﬂ{]ﬂgﬁt‘g‘g?s‘ I[é?‘gm’eg’r
3A-3D, for eanpIe tgf top shell 302 includes a_pluralitﬁ of protrusions
322A 322D 8MPI% (% Epnt eﬂeﬂﬁa@émé%ﬁlr&%h’t}fa?@pr@a@ﬁp%&?aﬂ 2Bxupfigeedda i n
the bottom shell 304. Alternately or additionally, the top shell 302 can
be coupl edngege pebernendany SpenihgCi4 Ausi4iyfoomed or thebpgomsbelbddd. Altdromelypirns,
or other fasteners or the like. [0032] As shown in Figure 3B, a guiding

f eat ure 324Qditionalhy, el aipeshelli 302 dahebebaiuplethis hed bottdiR4helndod sisiapwhe @dmestet 0
ensure that the plurality of 1/O pins 314 are inserted into the correct

hol es of tsBRwRI WITsUinE Dr R Blsteddi8 or IH2 1R@r ti cul ar, the guiding feature 326
conprises a rectangul'ar opening in the bottomshell 304 that is sized to

receive t ggo%got %ﬁ%h’&%ﬂﬁ?%‘fgﬁﬁre 4316 gufg% fegﬁ}egf.elfﬁeig i%tggrgh%ﬁgﬁtﬁpth%fb&tgﬁ el 1o

rect angul eni ng gui eatur can ubst y “equa
pi ne. 314 AP8 pbE CPBEREIT BHUTF PRCDEADFADY PhP ey A e TORECHE e S035Cland
bottom shel | 304 such that when the rect angfelljrl ar openi ng guiding feature 326
i s al i gnedolegiafhthe yrotsading weckel 3$6.c ket patienlare dlach gpidineh Eeatiyre 336 reonmptiges 8
automatically aligned with the
rectangular opening in the bottom shell 304 that is sized to receive the protruding socket
316. For instance, the length of the rectangular opening guiding feature 326 can be
substantially equal to the length of the protruding socket 316. According to this
embodiment, the /O pins 314 are positioned within the cavity formed by the top shell 302
and bottom shell 304 such that when the rectangular opening guiding feature 326 is aligned
with the protruding socket 316, each of the I/O pins 314 is automatically aligned with the
correct hole of the protruding socket 316. Because the length of the rectangular opening
guiding feature 326 is substantially equal to the length of the protruding socket 316, the /O
“pins 314 are substantially constrained to insert into the correct holes of the protruding socket
316 when the protruding socket 316 is inserted into the rectangular opening guiding feature
326.
[0033]  The rectangular opening guiding feature 326 allows the protruding socket 316 to

be received into the cavity formed by the top sheil 302 and bottom shell 304. In some

embodiments, this allows the flat bottom of the bottom shell 304 to rest directly on a PCB
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correct hole of the protruding socket 316. Because the length of the
rectangul ar opening guiding feature 326 is substantially equal to the

| ength of the protrudi ng socket 316, the 1/O pins 314 are substantially
constrained to insert into the correct holes of the protruding socket 316

when t he tr k 1 t:

out di ng” 1 DR I BEABRSERL R, Live, ARSLAGH Sh@%%énagﬁoﬁ%%ﬁ%f‘% EnbtEONg

[ th t.rudi cket 6 t d t ty f d b
the top SHENSCObS maeHL f‘iwﬁt&a“‘?%e@ﬁuégﬁ S ot it thi < nl T ows
the flat bottomof the bottomshell 304 to rest directly on a PCB 11 334
of the hosi038vi caltprgh the spiding fertwreptitt Bndlisplesed 13’0513?3%@ B rAsi yupdengubr

prevent the ONU transceiver nodule 300 fromtilting when plugged into the
host devi cepedit.thtGOSAhplantitenh thdshaprioithe grotmdingrsecid? 816, shagwding $esdurien
Figure 3B as a rectangular opening that is conplenentary to the shape of

the protr Uﬂ%n%ﬁﬁtelﬁ i@fﬂpﬁf@ﬁargﬂpdﬁiﬂ@glafvﬁ@ dtiecul 326valaor @héreshapd dtpending
conpri se an opening having a circular, oval, or other shape depending on

the shape Mthgg%ggroqggeggmﬁ%%ﬁgtﬁm [0035] Wth conbined reference to

Fi gures 3A ments of the invention an el ectromagnetic

SRS LR
EVR
R M T N S R

bottom shell 304, the EM shield 328 includes indivi dual openi ngs 330
t hr ough wHa06harglaleditont shdile38d @ pibstentially ereyendie pristace or exit of electromagnetic

radiation (EMR) into or out of the ONU transceiver module 300. As can be seen in Figure
3C, which shows the ONU transceiver module 300 without bottom shell 304, the EMI shield
328 includes individual openings 330 through which each of the /O pins 314 extends from
the PCB 306 downwards (e.g., towards the bottom shell 304). Thus, although EMR in some
embodiments may pass into our out of the ONU transceiver module 300 through the
rectangular opening guiding feature 322 of the bottom shell 304, the EMI shield 328 is
configured to substantially prevent EMR from passing through the EMI shield 328, which
EMR might otherwise adversely affect the PCB 306 and electronic/optoelectronic
components mounted thereto in the case of externally generated EMR, or that might
adversely affect the host device 318 or other devices external to the ONU transceiver
module 300 in the case of internally gencrated EMR. In other embodiments, the EMI shield
328 can be omitted.

[0036] With combined reference now to Figures 3A and 3D, additional details according

to embodiments of the invention are disclosed. As shown, the host device 318 includes a

12

.\




the PCB 306 downwards (e.g., towards the bottom shell 304). Thus, although
EMR in sone enbodi nents may pass into our out of the ONU transceiver
nodul e 300 t hrough the rectangul ar opening guiding feature 322 of the
bottom shell 304, the EM shield 328 is configured to substantially

prevent EMR from_passi t hr the, EM shi 28, i EMR _m gh

D herw o FROESTERYSa PEAN HATBeIs a8 bt B Boran e Bist Geviaet [orkch of
conponents nmounted thereto in the case of externally generated EMR or that
m ght advbke edty 3334 apd 38RRB ipdudesgellieaded thgough lnle spn & tOsTCEsiV e A 1581w, 0

~ the ONU transceiver nodule 300 in the case of internally generated EMR In
ot her enbdditrenitksr fastendENd sehirehcheat3d8 (oatnshogndmo theegphsts] TRA6ind/B33B.cdbbi ned
reference now to Figures 3A and 3D, additional details according to

enmbodi mentygateinkti$ Sorfivesdt to@WdnRAEEthE itGEbOHE thoddk Ritawlissifae: s hwaeibsehd18
includes a 12 plurality of posts 332A and 332B nounted on the PCB 334 of

the host gllﬁ-'ﬁ/du?@fi(ﬁ)ls"fo ERGTHaf heat ARSBORIS 13304 AN B3RP (ﬁaﬁ%&@?&oﬁu&%@%@‘ad

t hrough hole configured to receive a sérew, bolt or astener to
secure a heatsink, (;not shown). tqo t.he posts . nd 332 eatsink is
confi gur e&oﬁ‘%guggd(n%oatéetpqsﬁgnggét %Pretdﬁtgnﬁlﬂﬁcﬁjﬁ%l%%@ %@VE&GS%EEEE%E?& Vefrom
the nodule 300. To facilitate heat dissipatiaon, the top of the ONU
transcei ver8 nowhithe 9 fransceiyegr mgdple 409 & Husgrdanto; thabestdevige 5886 Showhed
hei ght H above the PCB 334 of host device 318 when the ONU transceiver
modul e 300n Figupdt Udgtbel pradetsrmingd hoight e viterds3dightlyisboyi dhntopiod thei ppstse333B, t he
predeterm ned height H extends slightly above the top of the posts 332A
332B. 332B.
[0037] In the embodiment of Figures 3A-3D, the top of the ONU transceiver module
300, e.g., the top of top shell 302, is positioned at the predetermined height H; above the
PCB 334 of host device 318 by bottom shell 304. The bottom shell 304 can be formed from
stamped sheet metal or the like and can be manufactured in a variety of sizes to
accommodate a variety of predetermined heights H;. The size of the bottom shell 304 can
be varied by selecting a desired value for lower height H, (Figure 3D) of the bottom shell
304, without changing any of the other dimensions of the bottom shell 304. For example, to
position the top of the ONU transceiver module 300 at a relatively high predetermined
height H,, the bottom shell 304 will have a relatively large lower height H,. In contrast, to
position the top of the ONU transceiver module 300 at a relatively low predetermined height
H,, the bottom shell 304 will have a relatively small lower height H;. Accordingly, the
bottom shell 304 serves as one example of a structural implementation of a means for

positioning the top of an ONU transceiver module at a predetermined height H; above the

PCB 334 of host device 318.
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[0037] In the enbodi nent of Figures 3A-3D, the top of the ONU transceiver
nodule 300, e.g., the top of top shell 302, is positioned at the

predet ermi ned hei ght H above the PCB 334 of host device 318 by bottom
shell 304. The bottom shell 304 can be formed from stanped sheet netal or
the Ii ke and_can be manufactured in ari et izes . to .acco te a
variety ofl0838det/8spinssmbreingniss then, t %?m@ﬁgmié]gﬁofﬁg“ﬁk?@ﬁﬁmgﬁ@$HD9 0% an
be varied by selecting a desired value for |ower height H2 (Figure 3D) of
t he bot t onfios KB ¢nsudet thapl/Chping atshimaeredgeomsytlninte fee protradingseelspd jod Hee odstt he
bottom shell 304. For exanple, to position the top of the ONU transceiver
modul e 30Qdeatcea(2) pleatntitey] tiltihg ghplpsedtkt @ND treadceivee ngldleslwheh ipbigged tntorhastel |
304 will have a relatively large | ower height H2. In contrast, to position

the top ofgdh@s G phbRARBELIORE S, raﬁqu)epd’sﬁﬂmatgtﬁet@} Hthy OINU braécpikadabansi ned

hei ghtt HI, the bottom shell 304 will have a relatively small | ower height

H2.  Accor delt %ﬁ%r\édet&l?ﬂ‘m?cpﬂéléﬁ%%ﬁ alct § (ﬂ? atsitik.Y 98 Bt € ﬁ@na‘? E?lﬂtlons for

st ruct ur al of "a neans positioning t top o

transcelve det e hel ht , HI ove,.th PCB. 334 of host
devi ce. 31dnesEanTGas Th e h%LE*%%eﬁtg v U R et
provi des an |nte%rated solution_ for ensuring that 1/0 pins are

i nserted cormeBeNtyhat gapbe ﬂ@e@bkﬂm&m@ﬁg&%@w rangeeipgydroduile s 2 yngle
preventing tilting of pluggable ONU transcei ver nodul es when pl ugged into
host devistes Inidompprisim, pdonart sclokenssincladel muBiplp osmpénsnisrthatidie assepblstl te he
ONU transcei ver nodule at a predeterm ned height to contact a heatsink. In
contrast tthe eRnyLicimedilc FomultiptngegsorMotcbese thertotbenshel t30¢ phaschio rm bt |

304 is an integrated solution conprising a single

design that is less susceptible to breaking than conventional stepped guiding pins and bottom

shells with holes to receive the stepped guiding pins.

0039] While Figures 3A-3D disclose an integrated solution for the problems described
above, embodiments of the invention are not limited to integrated solutions. For instance,
Figures 4A-4C disclose two other example ONU transceiver modules according to
embodiments of the invention. More specifically, Figure 4A illustrates an exploded
perspéctive view and Figure 4B illustrates an upside-down perspective view of a second
example ONU transceiver module 400A; Figure 4C illustrates an exploded perspective view
of a third example ONU transceiver module 400B.

[0040] The ONU transceiver module 400A of Figures 4A and 4B includes a top shell 402
and bottom shell. 404 configured to mate together to form a cavity. As best seen in Figure
4A, a PCB 406 is disposed inside the cavity, upon which are mounted a triplexer 408 and
circuitry 410. The PCB 406 further includes a plurality of I/O contacts 412. A plurality of

/O pins 414 are coupled to the PCB 406 via the [/O contacts 412 and are configured to be
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conponent that can be assenbled to the rest of the ONU transceiver nodul e
300 in a single step. In conparison, prior art solutions include multiple
conponents that are assenbled to the rest of the nodule in nmultiple steps.
Mor eover, the bottom shell 304 presents a robust design that is |ess

susceptibl.e to . breaking.than copventional ste ui di I and bottom
shel |'s w tlﬁsﬂ%fiégw?tﬁe rpg%a% ?%gefsﬁedp%fg@“@?‘&?‘%gpgpgﬁi ?o F’%ﬁ%@%ﬁ(/\ﬁ?qngdﬁ%aur es
3A- 3D di scl ose an integrated solﬂ%jgh for the problens described_ _above,
embodi mentSNEF tr%ﬂ%féewqﬁmﬂeo‘ip%@ shoftidsyiced1§ o ThPRYf Bersgeiyel meddnd004or

i nstance, Figures 4A-4C disclose two other exanple ONU transcei ver nodul es
accor di ng additionpdhothicindes sn efticeheorinactendZbennfighred te pewickct wadl gptickl her g24A
illustrates an expl oded perspective view and Figure 4B illustrates an

upsi de- dowb apessaegiticdenepwenk. of a second exanple ONU transceiver nodul e
400A; Figure 4C illustrates an expl oded perspective view of a third

exanpl e OYghd fjansicsi sueil 40PRKhR e BRraiitP OAAbuddHen DALY DI CRIALRFed 400A
of Fi gurgg‘I 4A]an?jlv(?8S i ncl udes g tgﬁrashg??}q402 asnd bottomé\(gﬂkili\églﬁle Zggﬂxﬂa%e

confl gur eq ottt i‘%ﬁ%ﬁ@@zﬁ%ﬁﬁﬂ}f@%ﬁ‘é}é e b3 gR DECR hikeb by mah a

PCB 406 i s drspose e cavi re nounte exer
408 and circyuitry,410. The PCB 4 further i ncl udes lurality, of
contacts 49 SH‘?ll\f 6%{%1 F%%Tet Dotim %‘1’%%?‘%“2@1?@}( é’rcag 8‘313?601? ﬁjﬁelLéﬁf &%Ug@i a
the 1/0 contacts 412 and are configured to be 14 inserted into the
pr ot r udi ngouRlek & bagtoan ghellid using orccorangregawwsob@isepingi @atthgr fevencecer thhe
ONU transcei ver nodul e 400A to the host device 318. The ONU transcei ver
nodul e 400ike. additionally includes an optical connector 420 configured to
connect to an optical fiber 421
[0042] As best seen in Figure 4B, a plurality of guiding features 426A, 426B are
integrally formed in the bottom shell 404 and are configured to ensure that the plurality of
I/O pins 414 are inserted into the correct holes of the protruding socket 316. In particular,
the guiding features 426A, 426B comprise tabs formed by cutting and bending the tabs
outwards from the bottom shell 404. The distance between the tabbed guiding features
426A, 426B can be substantially equal to the length of the protruding socket 316.
According to this embodiment, the /O pins 414 are positioned between the tabbed guiding
features 426A, 426B such that when the protruding socket 316 is aligned between the tabbed
guiding features 426A, 426B, each of the I/O pins 414 is automatically aligned with the
correct hole of the protruding socket 316. Because the distance between the tabbed guiding
features 426A, 426B is substantially equal to the length of the protruding socket 316, the I/O

~ pins 414 are inserted into the correct holes of the protruding socket 316 when the protruding

socket 316 is aligned between the tabbed guiding features 426A, 426B.
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to access an optical network. [0041] Top shell 402 includes a plurality of
protrusions 422A-422D configured to engage conplenentary openi ngs

424A- 424D formed in the bottom shell 404, to thereby secure the top shell
402 to the bottom shell 404. Alternately or additionally, top shell 402 can

be coupled ta bottom shell 4 using one, or re screws, bolts, pips, or
ot her fast@ﬂ@ﬁs ot P‘P‘?@eﬂtﬁ?q@ﬁ%[ ‘6@’&%6}199&@9518&4@&&0?1&11%?%@ plggéeds F’utlhﬁl ity
of guiding features 426A, 426B are integrally fornmed in the bottom shell
404 and arkost dayirgdi &dthe ONHs tiprsceiMer mogee {00 ainchudes e plpralyypph ébhad; fegt o
inserted into the correct holes of the protrudi ng socket 316. In

parti cul ar428 A-#2RYyintehraigd nt@therbegtom2b4] 40 cBhaciablpadi fse 428854230 are dorined in
cutting and bending the tabs outwards fromthe bottom shell 404. The

di st ance bhainegibdditedtabied Guifcinigioh efbperdses 42612447 6Bwikibe haderstood by
substantially equal to the length of the protruding socket 316. According

to this enBodl JRMin iHe®rtlih Qidd BiSthé pfbsdi 8isbR&UE! oned between the tabbed
guiding features 426A, 426B such that when the protrudi ng socket 316 is

o1 9ned oehghn Yl ShBSt OGP R RSP PSSt BB,
3265 1 5 5 99Barieh-dbe {PPioR SEe) 10703 BRGPREDF: § RBIPFRR PEN g BORePedtab the
I/O pins 414 are inserted into the correct holes of the protrudi ng socket
316 when t33¢ ofrhost deyieegd 1 8shic kopt shell @07 do allow meepep arafias wf eHwatsibbaet gm“m) ng
features 426A, 426B. 15 [0043] To prevent the ONU transcei ver nodul e 400A
fromtiltisaguredheén ppdtadgesl, 33uB withethe ONU transceiver module 400A. In particular, top
shell 402 can be manufactured in a variety of sizes to accommodate a variety of
predetermined heights. The size of the top shell 402 can be varied by selecting a desired
thickness for an extension 430 of the top shell 402, without changing any of the other
dimensions of the top shell 402. For example, to position the top of the ONU transceiver
module 400A at a relatively high predetermined height, the top shell 402 will haV.e a
relatively thick extension 430. In contrast, to position the top of the ONU ftransceiver
module 400A at a relatively low predetermined height, the top shell 402 will have a
relatively thin extension 430. Accordingly, the top shell 402 serves as a second example of
a structural implementation of a means for positioning the top of an ONU transceiver
module at a predetermined height above the PCB 334 of host device 318.
[0045] Turning to Figure 4C, ONU transceiver module 400B is similar in some respects
to ONU transceiver module 400A of Figures 4A and 4B. In particular, the ONU transceiver
module. 400B can include the same bottom shell 404, PCB 406, triplexer 408, circuitry 410,

contacts 412, I/O pins 414, optical connector 420, protrusions 422A-422D, openings 424A-
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host device 318, the ONU transcei ver nodul e 400A includes a plurality of
tabbed feet 428A-428D integrated into the bottom shell 404. The tabbed
feet 428A-428D are formed in sone enbodi nents during the formation of
openi ngs 424A-424D, as will be understood by those skilled in the art in

view of theapy earmte HaBeesoBAe 426804 tabBed Rt ePRAIITENLs @b cﬁugtt%a%@ce%r@
the top of t he "ONU transcei ver m)du e 400A e.qg., the top of top shell

402, is p e n t

devi ce 313%&11? 956 B o0 AT DS 1 A ol f%%f@?%kﬁ? et
shown) r 332A,. 332B ransceiv ule 4 OA

'n parti cufdr 52%%%28?2 ﬂﬁ?rguaﬁécc%ﬁufﬁéﬂ"ﬁafﬂﬁﬁgfwe%fﬁe SSHFY ERgealy it
accomodate a yvariety of predetern ned heights. The size of the top sheII
402 can beproiapding S%gke%él@@tlﬁi PEevantsi ONY trensceikerenedyle A0QR fsomeilnpiwhero of
the top shell 402, w thout changing any of the other dinensions of the top
shel | 402.pllﬁggedémartb¢ bost tdevigo $il § i thet fametwgy o the IxeidBd feataasst6iAy dP6B rodul e
400A at a relatively high predeterm ned height, the top shell 402 will have

a relati ughhedtfbst dR8 £XREDIFPIHAMA hid 4BNtrast, to position the top of the
ONU transcei ver nodul e 400A at a relatively | ow predeterm ned height, the

top shel |l d@ggw Ith cHaver, ﬁowE@r%bmtéﬁgc&v@%gﬁlﬁé aaoélﬁ{% cﬁ&&% gyt he

top shell 402 serves as a secon exarrp e a structura ment ati on of

or oat or ik g® RS i b eh el 5$Juftﬁr G ce%i‘égca[l@ei%ﬁ B bl ng
ONU 1 Pans b icht st AC doa B BIGHB< WAL B EIEVIES, A4 (B | OHERD EHONRL

transceiver nodul e 400B can include the same bottom shell 404, PCB 406,
tripl exer tROGeIvVEr p‘@dpkerﬁl)(f)OB]_cJ,Flgure 4C includes a separate insert 432 conﬁgured to position

the top of the ONU transceiver module 400B at a predetermined height above the PCB 334
of host device 318 to allow proper mating of a heatsink (not shown) secured to posts 3324,
332B with the ONU transceiver module 400B. The insert 432 can be manufactured in a
variety of thicknesses to accommodate a variety of predetermined heights H, and can be
secured to the top shell 402B. To position the top of the ONU transceiver module 400B at a
relatively high predetermined height, the insert 432 will be relatively thick. In contrast, to
position the top of the ONU transceiver module 400B at a relatively low predetermined
height, the insert 432 will be relatively thin. Accordingly, the insert 432 serves as a third
example of a structural implementation of a means for positioning the top of an ONU
transceiver module at a predetermined height above the PCB 334 of host device 318.

[0047]  Accordingly, the ONU transceiver modules 400A and 400B include a bottom
shell 404 configured to (1) ensure that I/O pins are inserted correctly into the protruding

socket of the host device via guiding features 426A, 426B and (2) prevent tilting of
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contacts 412, 1/0O pins 414, optical connector 420, protrusions 422A-422D,
openi ngs 424A- 16 424D, guiding features 426A, 426B, and tabbed feet
428A- 428D as the ONU transcei ver nodul e 400A of Figures 4A and 4B.
Further, the guiding features 426A, 426B and tabbed feet 428A-428D of
Figure 4C . | i 5 0 IRV K

Nahfe é@%u@gﬁl%@nmdﬁ% $hén BliBetd RS HRAIGRIE Sth ﬁfot!nﬂﬁ% {d¥Rets

protrudin prevent the transcel ver nodul'e 400B from

tilting when I i h ost . dewi 318 in the s h

ui di ng 1 edn et BSERA AR T Pt O Byl 0GP AT IR st g,
4B. [0046] In contrast, however, the ONU transcejver npdul e 400B jncl udes a
top shel | means 1of {3} Ppsitienieg dheolp ey {IgRSeSHEN mo %650%0@1409@ #a% and
4B. Specifically, the top shell 402B of Figure 4C |acks the extension 430
of Fi gur esprddetenmdnatitheight &t enathct 2 heatsily  t r anscei ver nodul e 400B of Figure
4C includes a separate insert 432 configured to position the top of the
ONU transcpissyr riicpresed0iBeraion angyr iecehierdiddrie diltee spdeificafoaue witheutRlieBa884  of
host device 318 to all ow proper mating of a heatsink (not shown) secured to

posts 332A40m3R82Biriot Bssbheal OhlladtditiRs.eTHE HedtBBM SnPERBentd Af: lotedohsiddéd can
be manufactured in a variety of thicknesses to accommbdate a variety of

pr edet er m.ne I t t I T
position tlﬂeg% g%lp g‘?g t%lxllg’ &%S?%ﬁ\gggﬁi/éﬁ?%ﬁ?téﬁﬁogge as'? Qpaes G?et %%&%/ﬁ ﬁsl’gh

pr edet er mi ned_.hei.ght e jnsert 432 will be relatjve thick. Ln.confrast,
Do posi ¢ 1Bttt Bdited 87k aRtonesc ety RS g e hiCistseapiectssantlich ahd ™ ou
predeterm ned height, the insert 432 will be relatively thin. Accordingly,
the inser tchagaesgéhlglbgora% wathimthe meagingngndarapge of equiangy A theplrigketie &2 Pon of
a nmeans for positioning the top of an ONU

embraced within their scope.
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transcei ver nodul e at a predeterm ned hei ght above the PCB 334 of host
device 318. [0047) Accordingly, the ONU transcei ver nodul es 400A and 400B
i nclude a bottom shell 404 configured to (1) ensure that I/O pins are
inserted correctly into the protruding socket of the host device via
gui di ng features 426A, 426B and (2) pkﬁ%gﬂh;tilting of 17 pluggabl e ONU
transcei ver nodul es when plugged into devices with protrudi ng sockets
via tabbed feet _428A-428D, Further, the ONU transceiver nodul es 400A and
400B i ncl ude W§SP@PH?%$:positioning the top of the ONU transceiver
nodul e 400A or 400B at a predeterm ned height to contact a heatsink.

[ 0048] The preskent iMmpbizgeidaopicp! pewerkbadi ahseeivesminsdulesypegirising: f or ms

wi t hout departing fromits spirit or essential characteristics. The
descri bed enbodi mentstopskelto be considered in all respects only as
illustrative and not restrictive. The scope of the invention is,

therefore, indicatech RyohheapensReh 6 miEwihahdeh shilpf B hReviker egoi ng

description. Al changes which cone within the neaning and range of

equi val ency of the g*ﬁh&&bﬁﬁﬁﬁ%gwgql%%g%g?ﬁ%ggv%%§hﬁntheir scope. 18 CLAI M5

What is clained is: gga o it transceiver nodul e
confi gur.ed.

gﬁgﬂ ! ts Ion? é)r maat ggvfap lu%a-lityaofb 191}1% %{r)?lp Q(F {ol the prmte% cireunt %arrgagn é’n\)ﬁn%igrulte %0 tb%p

inserted into a protruding socket of a host device through the bottom shell, the host
device including a printed circuit board to which the protruding socket is mounted;
one or more guiding features integrated with the bottom shell and configured
to ensure that the plurality of pins are inserted correctly into the protruding socket;
and
means for positioning the top shell at a predetermined height above the
printed circuit board of the host device to allow coupling of the top shell to a

heatsink of the host device.

2. The module of claim 1, wherein the one or more guiding features comprise a
rectangular opening formed in the bottom shell, the rectangular opening having a length that
is substantially equal to a length of the protruding socket, the plurality of pins being
positioned within the cavity sﬁch that when the rectangular opening is aligned with the
protruding socket, each of the plurality of pins is aligned with a corresponding hole of the
protruding socket and received therein when the protruding socket is inserted through the

rectangular opening.
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a printed circuit board disposed wthin the cavity; a plurality of pins
coupled to the printed circuit board and configured to be inserted into a
protrudi ng socket of a host device through the bottom shell, the host
device including a printed circuit board to which the protrudi ng socket is
nount ed; one or nore guiding features integrated with the bottom shell and
configured to ensure that the plurality of pins are inserted correctly
into the protrudi ng socket; and neans for positioning the top shell at a
predet er m ned h&i ght Thpeodule it clgim; % fagher oaprising gy ¢lcromagretiiodieTiiEknicee t o
all ow coupling of the top shell to a | heatsink of the host device. 2. The
modul e of sHielid disppsedhe thei cavithbetoen e printed cipanitiberyd petheumekilconighe bettem
rectangul ar opening fornmed in the bottom shell, the rectangul ar opening
having a | &prgth that is substantially equal to a |l ength of the protruding
socket, the plurality of pins being positioned within the cavity such that
when the rectangul ar opening is aligned with the protruding socket, each
of the plurality of pins is aligned with a correspondi ng hole of the

oL Ui, Sockgt SR ARRNELRPT LI 00 LRl AR FBEE Bl
e ouBL TS 5 SRTE AT BN PRl R e

a length of the protruding socket to allow the protruding socket to be received between the

two tabs.

5. The module of claim I, wherein the means for positioning the top shell at a
predetermined height above the printed circuit board of the host device comprises the

botiom shell.

6. The module of claim 1, wherein the means for positioning the top shell at a
predetermined height above the printed circuit board of the host device comprises the top

shell.
7. The module of claim 1, wherein the means for positioning the top shell at a

predetermined height above the printed circuit board of the host device comprises an insert

configured to be coupled to the top shell.
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shell. 4. The nodule of claim1l1l, wherein the one or nore guiding features
include two tabs fornmed in the bottomshell, a distance between the two
tabs being substantially equal to a length of the protruding socket to

all ow the protrudi ng socket to be received between the two tabs. 5. The

nmodul e of claimg 1, i he. for . i.ti.onin he taop. shell at a
pr edet er m ned hrgéi gh%ﬁb%&g‘rébh% H@lc%}raﬁﬁg%( %tllltﬁg%ig%el T u%fC%PngQﬁl st device
conprises the bottom she%. 6. The nodule of claim1l1l, wherein the neans
for positioning the 2GBS&H&I1 at a predetermined height above the printed
circuit board of the host device conprises the top shell. 7. The nodul e of
claim1, wherein the hettoms shadl codisiradotai matetwigh thsptophrbill tatforn a cavity and

pr edet er mi ned hei ght above the printed circuit board of the host device
conpri ses an i reghdr conBgired)ter wdition thetopahpll eta pedétheninaphd figlabov@® pBnted\

pl uggabl e optical network unit transceiver nodule conprising: a top shell;
a bottom shel | cgonit bgiti @dahest@eigeW th the top shell to forma cavity and
further configured to position the top shell at a predeterm ned hei ght

above a printed ciry .nttedbé?t%{lﬁibge{rd%iisjﬂgscéd ﬁ%ﬁ%ca@i&” nted circuit board
ty; ’

di sposed within the cavi
a plurality of pins coupled to the printed circuit board disposed within the

cavity and configured to be inserted into a protruding socket of the host device
through the bottom shell, the protruding socket being mounted to the printed circuit
board of the host device; and

an opening formed in the bottom shell and configured to ensure that the

plurality of pins are inserted correctly into the protruding socket;

9. The module of claim 8, wherein the bottom shell is further configured to

prevent the module from tilting when plugged into the host device.

10.  The module of claim 8, wherein the opening is shaped to receive the
protruding socket, the plurality of pins being positioned within the cavity such that when the
opening is aligned with the protruding socket, each of the plurality of pins is aligned with a
corresponding hole of the protruding socket and received therein when the protruding socket

is inserted into the opening.
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a plurality of pins coupled to the printed circuit board di sposed within

the cavity and configured to be inserted into a protrudi ng socket of the
host device through the bottom shell, the protruding socket being nounted
to the printed circuit board of the host device; and an opening fornmed in

t he bottom shel |, an onfigure Q_epsure th t.h L ur al i Of1..Rk: re

i nserted cor rech'y :iﬁ % ni‘%igpeppgtcﬁaﬁla‘i ny wshgﬁ%ﬁ; eé‘.)g‘lsfl'nlgllrrltr)l lljlfiéesygf plg\oazllaliﬁlog,
wherein the bottomshell is further config¥red 0 E%event t he nodul e from
tilting whelRUBHERYERPISH inengigst? pleAlte © ol PEBE e ig the
wherein the opening is shaped to receive the protruding socket, the
plurality kdttopi shellde senyrepbs tapi sbelé andibatisimnshelldogedivrt y such that when the
opening is aligned with the protrudi ng socket, each of the plurality of
pins is aligned wwth a corresponding hole of the protrudi ng socket and
received therein when the protruding socket is inserted into the opening.
21 11. The nodujz of Tid FbBul8.of \MEhES, Tubthe dodiprishel dn élb@tomsihc: tdifeadricky Of
protrusions configured to engage a plurality of conplenmentary openings

formed in %]éheqd ﬁlﬁg&%%?{é g#/it% P%tlﬁrr%n&g{h% ]ptdﬂfledtc%u& Bgérh oﬁﬂg rHcS’(Hl ﬁﬂdst}ﬂ@ lbl)ttom )

t oget her. urther conprising an el ectromagnetic
interference. shield di sposed in.the cavit etween the printed circujt
board of (T AR RETARO L e Bor R TRer SarioraR g urdatth STRREL S i |
prevent el ectromagnetic radiation generated by the nodule fromexiting the
modul e. medule from exiting the module.

13.  The module of claim 12, wherein the electromagnetic interference shield

includes individual holes through which the plurality of pins. pass.
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13.. The nodul e of claim 12, wherein the el ectromagnetic interference shield
i ncl udes i ndividual holes through which the plurality of pins pass. 22 14.
A pluggabl e optical network unit transceiver nodule conprising: a top
shell; a bottom shell configured to mate with the top shell to forma

cavity; a printed cjreul k ' 1.t 0 e cavity-.a plurality of
pi ns coupl ed tgmt' he }bpﬁ%?aebéggﬁt%cghgé@gg%& %gr? &é\%ﬁ%%gﬁfeecgn%%sﬁg' i nserted
into a protrudi ng socket., of a host device through the bottomshell, the
host device includﬁﬁﬁpéhﬁkinted circuit board to which the protruding
socket is nmounted; two guiding tabs integrally formed in the bottom shel
and configured to iahoiony el sanfiguned tomatewithfhetop shelktodfpan p e ed
correctly into corresponding holes in the protruding socket; and nmeans for
posi tioning the top agheitéd @tcua bparddidpesad widtdn kied @hity;above the printed
circuit board of the host device to allow coupling of the top shell to a
heat si nk of the hosta glgMiigeof dis cdiifed ROk SrinfeddiRbimbbdrd sdedoRFiBured db Bkance

between the guiding tabs is substantially equal to a length of the

protrudi ng soc Igggeﬁ%ﬁ i@th |ﬂ¥¥gﬁ*{l§y;§%§bﬁ<&@ d‘%os?? Qedel thFrngtﬁetha %Eﬁ(ﬁﬂl‘éﬁgl, tqﬁée He&"n

t he gui di ng tabs, e pl pi ns bel ng positioned between
glrjlofl Ir Bgl hgbz O(S: %%{}i,c% grgsi ubge 3 pltin &d gllflclsu% brg)%r(f t%%vshi(?l{ %e%lr(i)t%i%gg svc\)'iclt(eq is:[ ngunted;
two guiding tabs integrally formed in the bottom shell and configured to
ensure that the plurality of pins are inserted correctly into corresponding holes in the
. protruding socket; and
means for positioning the top shell at a predetermined height above the

printed circuit board of the host device to allow coupling of the top shell to a

heatsink of the host device.

15.  The module of claim 14, wherein a distance between the guiding tabs is
substantially equal to a length of the protruding socket to allow the protruding socket to be
received between the guiding tabs, the plurality of pins being positioned between the
guiding tabs such that when the guiding tabs are aligned with the protruding socket, each of

the plurality of pins is aligned with a corresponding hole of the protruding socket.
16.  The module of claim 14, wherein the means for positioning the top shell at a

predetermined height above the printed circuit board of the host device comprises the top

shell.
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the plurality of pins is aligned with a corresponding hole of the
protrudi ng socket. 16. The nodul e of claim 14, wherein the neans for
positioning the top shell at a predeterm ned hei ght above the printed
circuit board of the host device conprises the top shell. 23 17. The
nodul e of claim 14, wherein the nmeans for positioning the top shell at a
predeterm ned hei ght above the printed circuit board of the host device

conprises an insert _configur 1o _be coupled to the top shell. 18.. The
modul e of clai %4, Thened ePﬁga%bﬁism@r?mithf‘canﬁ%résfgapﬁmﬂna}a '{hﬁ g Shll al &
protrusions configured to engage a plurality of conplenentary openings
formed in predeteivgnedohsighiabpve de peivterd ecinchie bpayg oftiks hosh Aevitroeanapriss anp nsert
together. 19. The nodul e of claim 18, wherein the bottom shell includes a
plurality @hfighalibete t@gled tontadp el ng formati on of the plurality of
openings, the plurality of tabbed feet configured to prevent the nodul e
fromtilting when plugged into the host device. 24

18.  The module of claim 14, wherein the top shell includes a plurality of
protrusions configured to engage a plurality of complementary openings formed in the

bottom shell to secure the top shell and bottom shell together.
19.  The module of claim 18, wherein the bottom shell includes a plurality of

tabbed feet formed during formation of the plurality of openings, the plurality of tabbed feet

configured to prevent the module from tilting when plugged into the host device.
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