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TRANSI MPEDANCE AMPLI FI ER W TH RECEI VE SI GNAL STRENGTH

| NDI CATOR BACKGROUND The subject nmatter disclosed
whedosiomn4sel ates to U. S. Patent Appl. Ser. Nos.PCT/US2004/026258

10/ 074,099 and 10/074,397, filed on February , 2002,

and U. S. Patent Appl. Ser. Nos. 10/ 325, 048;

eSO W AL S, s
O da

di scl osed herein rel ates communi cat i on
systenms. I n particular, enbodi nents di scl osed herein
relate to processing data received froman optica
transm ssion nedium 2. Information : Optica
BACKOROUAND on net wor ks have been inplenented to enabl e
increased data rates in links providing point to point

ConNmyp is&tgéét%ttef: P{scl%gﬁﬁf@r&n réigtgé fbﬁ(lj . GPWAlgﬂt §QMNos.

links are typically 1 nplenent nchronous Optica
k/ i gf.t,al _Hier h T1/.S and
1o} 080 Eh BB 28 7 S bRk a4 T B gD BB Rk E . Nos.
n_agptical conmmunjcation |ink recei ving dul e

1075388 {25007 1 0R8T R0 et bl el B Gn b 2E po o

in response an optical signal received froman optica

tradsm s&iadi medi um (e.g., fiber optical cabling). A

t ransi npedance anplifier (TIA) typically converts the

cur Taesulgjen etatee disblpsddtergih odlatds ooiatd cunamanicatidragystems. In

signal that is then processed. For exanple, the
partielilaR@hbdidiidts dB)ofa MRt RIAEED Procssbing aRNecddPdddrom an optical
transmission medium.

2, Information:

Optical communication networks have been implemented to enable increased data
rates in links providing point to point communication. For example, optical
communication links are typically implemented in Synchronous Optical
Network/Synchronous Digital Hierarchy (SONET/SDH) and 10 Gigabit Ethernet systems.
At a receiving end of such an optical communication link, a receiving module typically
comprises a photodiode to generate a current in response an optical signal received from
an optical transmission medium (e.g., fiber optical cabling). A transimpedance amplifier
(TIA) typically converts the current generated by the photodiode into a voltage signal that
is then processed. For example, the voltage signal may be processed by clock and data
recovery circuitry to recover data transmitted in the optical signal. The photodiode and

TIA are typically formed in distinct component where each component is provided with a

distinct power supply.
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recovery circuitry to recover data transmtted in the
optical signal. The photodi ode and TIA are typically
wo eoosmeb48n di sti nct conponent where each conpoPENUS1084/026258
provided with a distinct power supply.A receiving
nmodul e nay al so conprise a receive signal strength
| ndiACREQVingRRRlule infy 98D 8bRbAsc reBsive sigh&l@ength indicator (RSSI)
representing the strength of an optical signal
et d | V] '
to Gt A RS¥ Dt R B O SR Pl il e by o
fiber wt espect he phot odi ode tp_.achi eve .
recs R TERO hodse o 2B & 2B S DRIC-LY gaee ToR higgent of an optical
phot odi ode. Circuitry for generati ng an_RSSI signal |
fibex witle saspect it thewdhetpdipdgite aehiigvecptiplabdetastioacafithe erical signal at the
phot odi ode i ndependently of a TIA that nay be used for
phaodiode.sCirguisiy Joragenefatiognt RESpkighaldypidaly iAnluBRSS! cisiugfreabipled
is typically generated as a single-ended signal output
diréétgnela phawdisiieandepeh &afly of B TEAGRAt ity 1 &kd EirPriceddin@signals
detected optical signal where the voltage of the
| 9 1fig | QUUIRAT sitindNRyriSalfy8JREERAGE alsthote- 1
fmﬁ{o@glpo?t%g%ggr%gi%g% 5’?8‘1 ogyﬂ(le.%fg,e a gr our%c? r%gedg@x@&na
BRI EF SCRI PTI CF _THE  FI ES -l m ting.and.
oufg5} SR g g0 B aprrem b e SF 2 kbl RO Fignat where
wil | be_ descrjbed with referenc?to hefollovving .
theryoltageef themweter snded RutPPEs gl Histerenrer! 4 & coramep npde pf geircuit
parts throughout the various figures unless otherw se
topopagyi (Figed.greunguradell shows a schematic di agram of a
systemto transmt data in and receive data from an
optical transm ssion nedium according to an enbodi nment
of the present invention. Figure 2 shows a schematic

BRIEFDESCRIPTION OF THE¥IQURES achment  (PMA)  and

Non-limiting and non-exhaustive embodiments of the present invention will be
described with reference to the following figures, wherein like reference numerals refer to
like parts throughout the various figures unless otherwise specified.

Figure 1 shows a schematic diagram of a system to transmit data in and receive
data from an optical transmission medium according to an embodiment of the present
invention.

Figure 2 shows a schematic diagram of physical medium attachment (PMA) and

physical medium dependent (PMD) sections of a data transmission system according to an

embodiment of the system shown in Figure 1.
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physi cal nedi um dependent (PMD) sections of a data

transm ssion system according to an enbodi nent of the
waeymsem4ighown in Figure 1. Figure 3 shows a SChRPOBEUSIN04/026258

di agram of a systemto generate a receive signha

strength indication signal according to an enbodi nent

of FhREVhGRCE é&r@mﬁﬂ@%gia‘ﬂq Erzgwsen?to g%halareea fcSheWEnA

schemati ¢ diagramof a nultistage anplifi er accordi ng
t
str('@;,norgtlsirjl ggglggél eacgérd@[g t5 %‘ %@ggﬁgr%gf:gf tggﬁ fséecrtlog Fg&@n 1n

Fi 2 buffer circuit to generate a differential receive
‘&”ir% al strength indicator signal according to an
enbodi nent of the transi npedance anplifier _shown jin
Fi gliiarag4 smwie echemgtio fisgeensefomuttistage raghbies apcording to an
pass filter according to an enbodi nent of the
embpdinsentmpEadaasenpedahcd areplifsdrclown m dthguFeus: 3.DETAI LED
DESCRI PTI ON Ref erence throughout this specification to

" ON@i S dhdWi schematie BiagraROOT MMUTrer cieginto gdhafatda differential
particul ar feature, structure, or characteristic

rec@ﬁé%rgéaﬁgrengmqapﬁ%r klgﬂal\%éd?dﬁlg S0 EDREbARRAt bfSthe transimpedance

In~at [ east enbodrnment of the present
ention hus t he appear ances of the phrase "in one
a“@ﬁé@&ﬁﬁ%ﬂﬂn 8?Hegn enbodi nent" in various places
t hroughout . thi s specification_ are nof. necessari

al
ref @r&qrrqg shs hecherpic EREBH At et RIHECRIOME tPife Smbodiment
particul ar features, structures, or characteristics
of ﬁayramelmdmcn@mnhﬁieoﬁ@wrmm@e dmbodi ments. A
"phot odi ode" as referred to herein relates to a device
t hat provi des an out put

DETAILED DESCRIPTION

Reference throughout this specification to “one embodiment” or “an embodiment™
means that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus, the
appearances of the phrase “in one embodiment” or “an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in one
or more embodiments.

A “photodiode” as referred to herein relates to a device that provides an output
current in response to light energy collected on a surface. For example, a photodiode may
provide an output current in response to charge collected at a photodiode gate. However,
this is merely an example of a photodiode and embodiments of the present invention are

not limited in this respect.
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current in response to |light energy collected on a

surface. For exanple, a photodi ode nay provide an
w@oedoporo48ur rent in response to charge col | ect eBCHUSH04/026258

phot odi ode gate. However, this is nmerely an exanpl e of

a phot odi ode and enbodi nents of the present invention

ar e Apotaplplifiel 84 referbd thdr&iBREIG s Aa TR drfdiRTit t&Sonvert an input
referred to herein relates to a device or circuit to

. rt i I: I LEl ' :
S ah OB B, PR oRRl R oy fithopine
out put signal havin magni tyde that. is related to
oufpit e e = etk faf Boaret st gnpidi Ba g sy en
I n_anot her exanple, an anplifier may generate a . )
amplifieaiipa gginylalanehor Ggmplenap amplifier May genseptey vaHage signal having
anplification gain to a magnitude of either a current
a nmgnitodd mipted cai aneplifiatiam gainpo nsiggitade, ofldithenvaeeyrrenheseoltage
are nerely exanples of an anplifier and enbodi nents of

redelV@d RE 85 Biput sigiveNHodRver, thebdire Inerely @darmples bEseamplifier and
respects. A" transinpedance anplifier" (TIA) as

embBhiRIen&hritRe }%}%e%it thveRtiGe &8 nBPllirﬁithPMi th&elrGspe@gvert an

I nput current to an output voltage. For exanple, a TIA
may ,convert an in . £ Uk t ' .
hotbalrianpdab Bt VR ab BTRRAEE def it duss a agoyjee o
proportional to a nmagnitude oijthei éoutT urrent. .

CORYSHEARIRDUCHTEN' 18 SR ORI valffeay ERRFanit. 4 FHAANAYEprivert an input
enbodi ments of the present invention are not limted

cuirenttregsived feonp 8 phetodiade & anpwpevgliagethahiasubsiantialy propegional
to herein relates to a signal that may be transmtted

to & magnisudegifeheciapatuirieny Hewevenahis ismstehygireexangdelota hhnd
may conprise a current signal having a magnitude that

eribddivRat GHtRIpieYent HveAt® Ar8 Mot Winited Mathéséqbspectd. Si ngl e
ended signal may conprise a voltage signal having a

d < | {age i g
e e A s T RLE e O 0 et e

tragérgirt]t%li inhaa silngl% c%nducting terminal. A single ended signal may comprise a current

signal having a magnitude that is modulated by information. Alternatively, a single ended
signai may comprise a voltage signal having a magnitude that is modulated by
information. For example, a single-ended signal may transmit a voltage signal having a
magnitude that is referenced to a common reference node in a circuit topology such as a
ground node. However, these are merely examples of a single-ended signal and
embodiments of the present invention are not limited in these respects.

A “differential signal” as referred to herein relates to a signal that may be
transmitted over a pair of conducting terminals. A differential signal may comprise a
voltage signal having a magnitude that is modulated by information. For example, a
differential signal may comprise a voltage signal across (e.g., voltage difference between)

a pair of conducting terminals where a voltage at either terminal may deviate in opposite
4



10

15

20

magni tude that is referenced to a comon reference

node in a circuit topology such as a ground node.
wolowewago t hese are nerely exanpl es of a singl BEEOS®O4/026258

signal and enbodi nents of the present invention are

not limted in these respects. A "differential signal”

ph?sr% fgth 8 chfthdnGe fARIRE Qolrtfée?ltoﬁé i Pcifeuit tgpﬁbgﬁﬂgﬁ\évg@é& fA6se are

ansmtted over a palr o conduct | ng

di.fferential si.gnal. onprise,.a vol e si L.
motely ehyrBieh abh Pt e e P8 Bt sl BtprEiebBvgption are not
. For. exanple, a differential signal may conprise a
thEﬂdtl‘é&?S%Fﬁﬁ%ﬂtS- across (e.g., voltage difference

bet ween) a pair of conducting termi nals where a

vol talsngle-eedadterminall @ referredbtp heeain ealased to an electrical terminal to

‘opposi t ephase froma comon reference voltage node in
trafismait bE tickive apiighgshdetioipayie rEor ekangle aigglerendddytepiaaiph@sreceive

of a differential signal and enbodi nents of the

a sn8P&Hn ihPMeNraP NHEW &ePQhislis Meke®lah Bxdnki16 6f 4 SiRPRCnded Rrminal
"single-ended termnal" as referred to herein rel ates

. t fel ' t 1. Of:.l i,ve a

and S BBl il i yBfftor e ho AR inthis T ERELY
terpinal nmay . receive a si |, as._an I nput Si [ . . .
Hoe Pafteres i termanale oSl iherein selates B0 L pgip P ety terminals
term nal and enbodi nents of the present invention are

that sray | rpefivecqr transmijagdifferepiéal signaln Hor exapple ofifferentipl gmainals
as referred to herein relates to a pair of electrica

sighel maynedpsesshsignabys 7 edtige diftarertce dasyden tlze tdirhinelse ffoveiver, this
signal. For exanple, differential term nals signal may

is B¥Rheateaniplgopdiffa®ntialteiniinge atd érhbsdimests DEthegaesehh@vention
termnals. However, this is nerely an exanple of

ardidthigfigatih flis fepd¥tnal s and enbodi ments of the present
invention are not limted in this respect. A "DC

:: d E‘Dég%gpceon [I)Iongﬁt” %g ];e%rrree(fj toth%rqu {:eeszth troeaI s‘riléneﬁ C(In%pg}lent in an
ghal nentt1n a
electrical signal that is substantially constant over a time period. For example, such a DC
signal component may be characterized as being a “DC voltage component” having a
constant voltage over the time period or as being a “DC current component” having a
constant DC current over the time period. However, these are merely examples of a DC
signal component and embodiments of the present invention are not limited in these
respects.

An “AC signal component” as referred to herein relates to a signal component in
an electrical signal that fluctuates over a time period. For example, such an AC signal
component may be characterized as being an “AC voltage component” having a voltage

that fluctuates over the time period or as being an “AC current component” having a

current that fluctuates over the time period. However, these are merely examples of an
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electrical signal that is substantially constant over
a tinme period. For exanple, such a DC signal conponent
worenpslomo4ghar act eri zed as being a "DC vol tage cPOpUSENL/126258
having a constant voltage over the tinme period or as
being a "DC current conponent” having a constant DC
A(@k‘i?ﬁ?'% 81?6 thh@e bH&nf&ﬁfs'o@%e ﬂf'@é’éﬁi’ﬁl"\/enﬁdﬁeﬁg né{ [&nited in these
y e es of a DC signal conponent and
odlnents of the present invention are not limted
“Rhese respects. An "AC signal conponent" as
referred to, herel rel ates ﬁloas nal conppnent an
el edt 15ORAOSKS yam! VatEeriod e e akdp a3 R ajyapy B‘a
For exanpl e, such an AC signal conponent may be
ch@ﬁ@tpraz;qdas|hzémga§hnrelltyg>férgnamnwn@%rgém@bm@é.t@gﬁher For example,
having a voltage that fluctuates over the tine period
a compasitebsigmad) may coOAPriseia DEhtigrad opropenent addeditogn A Csignadnt
that fluctuates over the tinme period. However, these

cofmpBnée! HoWe @iy i8 nepély anAkarfiplg bah c@@ﬁ@ﬂmﬁgnaamch embodiments
enbodi ments of the present invention are not limted

ofg{é ar&gﬁ@mesﬁi%%%énoﬁlm& gp%#@s &ignal " as referred to

ates to a sign at " may be characterized

?igi‘?ﬁeﬁl&ﬁa&n Biarale % b ARDl FRRRORE B RAiIGMytgganciaty

a DC signal onent added to ap AC si gnal ocrlent
rempNRALR 8 ROTTIGN p a Rbrdgnp awmnﬁﬁ%m@fcogﬂ%%ag%e or example,
si gnal and enbodi nents of the present invention are
a D@mghalrrcmedahmrcum imay sabstadially repmws aherla pastiervaf a DC signal
circuit"” as referred to herein relates to a circuit to
compbidna fotred tompasite gignall Having asD @ GignabeongionantAddsing@kignal
conponent from a conposite signal. For exanple, a DC

co&bgﬁ@{t réﬁm@ﬁfgain a‘ﬁ' 1§(9M|e3 A@éigﬁiﬂ' bshpiidne! HYwe RIS i@hlerdy an
a portion of

repi

example of a DC signal removal circuit and embodiments of the present invention are not
limited in this respect.

A “receive signal strength indication (RSSI) signal” as referred to herein relates to
a signal that represents the strength of a signal received from a transmission medium. For
example, an RSSI signal may represent the strength of one or more components of an
optical signal received from an optical transmission medium. Such an RSSI signal may
express the strength of the received signal as a magnitude in voltage or current. However,
these are merely examples of an RSSI signal and embodiments of the present invention are
not limited in these respects.

Briefly, an embodiment of the present invention relates to an apparatus comprising
a transimpedance amplifier to receive an input current from a photodiode, and first and
second differential output terminals to provide an output voltage. A receive signal

strength indicator may generate a differential receive signal strength indication (RSSI)
6
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conponent from a conposite signal having a DC signal
conponent and an AC signal conponent, resulting in an

wo swsarm@s AC si gnal conponent. However, this i BCTES®DY026258
an exanple of a DC signal renoval circuit and
enbodi ments of the present invention are not |imted

51gh5‘1 Ha@%ds af RENGE bart, '%poﬁ 86BN @ Re B BlA%ePod I d FreRhtisldutput
signal” as referred to herein relates to a

ter%I rgansalH(t)w?\;er tﬁﬁrfﬁl%ﬂ:tl aﬁ g@a 1 &Hm%f} aﬁldsdtgé}% bodlments of the

TECEIVEd om-a ran SSI1 0 exanp

RSSI. ﬁnal oﬁ resent the ?trength of one or rmre
preé%‘?fﬁ%YFé‘ PR aggen Hmé gL ESeTeSRFEFS: r ecei ved from an

opti cal transm ssion nedi um Such an RSSI signal may

expFigie 1 pleoves 3 sohgmptipdiagra ofewistpattodragsmt ip @ngreceive data

magni tude in voltage or current. However, these are
fromearedpticekizarsinéssionf mediuiR@Stordingriahn amtiodimzotip fithe peesert

the present invention are not limted in these

invieRGHE CAR optital @hhdteiven1 G ey iramsniit Of retdiee ppteabsignals 110 or 112
invention relates to an apparatus conprising a

i | {i¥ Batithgl MK lop ﬁélen%% 102
n %I{ @%%am %&ﬁ?&lgﬁdﬁg? ?i)ttwegng lge%ong di ffer enti al ceiver

malgrglgcgcﬁ\/aeté g{ gﬁagsmﬁ%eld }%?EHI (ﬂ% %Hfapeutile Y&Hv%g %Ign’gl 112 according

differe recei ve, si gnal stren nd| catj

to SRR GpimirasEEBIon RIS 3 0] wpiwaﬁe Giv{Rion mylsiplexing
across the first and second differential output

wayelength glivdsiomowdimexing fWHN sorravlérampl tudecgaaliag (MAS). For
enbodi ment and ot her enbodi nents of the present

exampled frasmafte poatior (not theen) nf thekeptcal aapsetver 162 guay employ
shows a schematic diagramof a systemto transmt in

WBNfor @eRinYietthaltiplOMmRe” 8Pddt il the bR aSIndiSsi 6 teditin,
accordl ng to an enbodi nent of the present invention.

opt i cé\l}}g%l &E@H%&ggﬁéen%%ﬁ?%c‘%ﬁémay(i’rro‘r‘&& Gikifitry, such as a

signal's

TIA (not shown) and/or limiting amplifier (LIA) (not shown), to receive and condition an
electrical signal from the optical transceiver 102 in response to the received optical signal
112. The PMD section 104 may also provide power from a laser driver circuit (not
shown) to a laser device (not shown) in the optical transceiver 102 for transmitting an
optical signal. A physical medium attachment (PMA) section 106 may include clock and
data recovery circuitry (not shown) and de-multiplexing circuitry (not shown) to recover
data from a conditioned signal received from the PMD section 104. The PMA section 106
may also comprise multiplexing circuitry (not shown) for transmitting data to the PMD
section 104 in data lanes, and a serializer/deserializer (Serdes) for serializing a parallel
data signal from a layer 2 section 108 and providing a parallel data signal to the layer 2
section 108 based upon a serial data signal provided by the clock and data recovery

circuitry.
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in an optical transm ssion nmedium such as fiber optic
cabling. The optical transceiver 102 nay nodul ate the

wo eandmi4sd ed signal O or denodul ate the recei ved/Bspnab26258
2 according to any optical data transm ssion format
such as, for exanple, wave division nultiplexing

wav & Cog rﬁ eﬁib‘aal Ittth@%?/éﬂsg‘gec i¥Pds Bay compgse a media access

mul ti-a e signal 1’'ng For exarrple

co?tlrrg:zg/@}é(?vger %or b O@ to( ﬁ;ﬁtPg@R o]n o 06 a 1{1??Pendent interface

(Mib dhined 1BRY 6402 AprP O, Bl@égeﬁ@éﬁ%' °¢qm5na' jogansrin Egayer 2

may provide circuitry, such as a TIA (not shown)
sectiot/ 168 nhayrdomipige frplard ¢rear coregtjon(lngic andevigmer tetransmit and
receive and condition an electrical signal fromthe
receplel dadd accomingceiawetsidiDarl the Syechpanse Opticsléetwedeés yretironous
optical signal 112. The PMD section 104 may al so

Dlgﬁﬂﬂl%rdw\qsmfﬂmm) lst@ﬁ@arrd gﬁwsﬁéd By ﬂﬁallhierr{dﬁ@hals hown)
| asef device (not shown) in the optical

Te %8&%%%;0\585%518&5??%2@3{@ %é’\%ge g@cxgiaigwgg@ueg Rthayefo
S e S RN e B Ao APl s

data froma conditioned signal received fromthe PMD
meslagm, and enthedimenss ¢ihae present @wem@@n argyiohlimged Bhiheseggspects.

mul tiplexing circuitry (not shown) for transmtting

dat &htdayten sexwions@8 mayralsotxe qoruphtelttaam)acﬁwverahmpat/output I/0)

serializer/deserializer (Serdes) for serializing a

syfémna|og khetat)Foséanabnitativn with egier devicke oh h@lockSdng@ptform.
providing a parallel data signal to the |ayer 2

Sugr;sft& L/gﬁsg%%kﬁ gﬁé RORr 8x 1eaém9%pex§a gR3 buPEQMIEEE a

ta reco ery circultry.According to

ok SRR 4 B LRCEE% MRt PRE R0 v
cogpelg itooz{] m%l tlbngrtt sw1tc fca!l'brlc Ithrgl?éfleangaecﬂgt cllapstsgfcatlon device. However,
these are merely examples of an I/O system which may be coupled to a layer 2 device and
embodiments of the present invention are not limited in these respects.

The layer 2 device 108 may also be coupled to the PMA section 106 by a
backplane interface (not shown) over a printed circuit board. Such a backplane interface
may comprise devices providing a 10 Gigabit Ethernet Attachment Unit Interface (XAUI)
as provided in IEEE Std. 802.3ae-2002, clause 47. In other embodiments, such a
backplane interface may comprise any one of several versions of the System Packet
Interface (SPI) as defined by the Optical Internetworking Forum (OIF). However, these

are merely examples of a backplane interface to couple a layer 2 device to a PMA section

and embodiments of the present invention are not limited in these respects.
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(M1) as defined | EEE Std. 802. 3ae-2002, clause 46. In

ot her enbodi nents, the |layer 2 section 108 nay
wa@eovpn2mEer f orward error correction | ogi c and aPdT/EaRm®N4/026258

to transmt and receive data according to a version of

t he Synchronous Optical Network/ Synchronous Digital

M CEHEDY hANELdrehialic 3LBRARGLL Bl 2019 t%s{n'&edata in and

I nter I Ona econmun Catl on ni on However,

dev ces
recs gl Sm g ogtival PR En Biedi MY &feofaiti e S et e
optical transm ssion nedi um and. enbodi nent
Syis?rwhwn iThEigHte lonA&Patlwgfram%CﬁaV?re%O% GPMISESa faégrpfkeatcg 208 to
The | ayer 2 section 108 may al so be coupled to any of
trapgwié an opiicab sighal X1Hun ag ppifjal syeamission mediughan plfoe detector
comruni cation with other devices on a processing
seqloatXldnorective n aptitdl Cigaylti@rfromyhe opticaldeansiissioaxasdire, The
a mul tiplexed data bus coupled to a processing system

ph8fo &té&wrtsecmrztm aﬁ&mﬁrfa@ bh€or bR phd¥Rliods ?xﬁgtsh&ﬂn)lf%

may al so be coupled to a nulti-port switch ric

cog%&g@!ﬂe@e&%h% i€l @f@alle%g) 899 o R¥tES ctrgmngs% 16 BEPRovided

el S stem

to § EBuRPeIRoR AT i e g TP T e bdfgr driver

The | ayer 2 device 108 nay al so be coupled to the PVA
cirgeit 22may o dylptea madwigliomairent 214 HJEsHmes toshdalm yigarldrom a

a printed circuit board. Such a backpl ane interface
PMiApectmm@32s & Weeridewise g0dmiaglitinay modifatGagdpowerthy amsmitted

Attachnent Unit Interface (XAU ) as provided in | EEE

opftdl sighfl22 19aa rekPoise t6 kiauaeddation sunehh®rs. embodi ment s,
such a backpl ane interface may conprise any one of

SeveA@brdiffy B! AMHBUihHE tﬁé’?ﬁ(ﬁ@d&%@t’é?ﬁec’tleﬁ 014 a6 pééPaa a
as defined by the Optical [nternetworking Forum (

corlfll?)osne 51gna po tRE TIA/LIA circuit 220 comprising AC and DC signal components.

For example, an input signal received at a TIA portion may comprise an AC current

component and a DC current component while an input received at a LIA portion may

comprise an AC voltage component and a DC voltage component.

Figure 3 shows a schematic diagram of a TIA 300 according to an embodiment of
the PMD section 204 shown in Figure 2 incorporating a receive signal strength indicator
322 to generate an RSSI signal in response to receipt of an optical signal on a photodiode
306. An amplifier 302 may receive a single-ended input 304 from a photodiode 306
which is responsive to an optical data signal and provides a differential output voltage at
output terminals 312 and 314. The TIA 300 may be formed as part of an integrated device
(e.g., as part of a single device including the TIA 300 and other portions of the PMD

section) in a semiconductor process such as a complementary metal oxide semiconductor

(CMOS) manufacturing process. However, this is merely an example of a process that
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are nmerely exanples of a backplane interface to couple
a layer 2 device to a PMA section and enbodi nents of
WO b@spe@Esent i nvention are not limted in thesSBCT/US2004/026258
respects. Figure 2 shows a schematic diagram of a
system 200 to transmt data in and receive data from
r e
o ATl B e SR EhTay e not ipited n
thiranﬁﬁsiver 202 conprises a |aser device 208 to
PFEREHi t an optical signal 210 in an opti cal
transm ssi on nmedi um and, a photo detector section 214
to F&EUEs 9 shaws & prhcmafic diagram obamamplifipr A2 aggordiag o an
transm ssi on nmedium The photo detector section 214 .
embadimenhpf the emphifico?02nihownph Figyet ddAdtirshamnpléfinatipy stage comprises
converting the received optical signal 212 to one or
a transistoe st Aigasl ofshgadsistdral O enayrresdiceal singleanded input signal on a
transi npedance anplifier/limting anplifier (TIA/ LIA)

single.&idiell irpti® terMidaR 364 el tHEphtbAiBHE 306224 rBFdnsPRBUh@inPubsignal,
nodul ation current 216 in response to a data signal

o s M S oo o @EHep R sl forfB ol Rl srors 08
i esponse . to the nodul ati cur.rent 6. .Acc i n
and 10, AL PRRGS Srovtbeiet e Sefobb G nd Stm S A1 i1 1man
provi de a conposite signal to the TIA/LIA circuit 220
altematiys anbpgimentaths applidienHi may,peyBpaTstasmultiprtagedapeiogy as
an input signal received at a TIA portion may conprise
desmmibdCincUrS: EatentApploBemNoaHi0#, 050 filed oe Febomenpbh 2. However,
while an input received at a LIA portion nmay conprise

thed® adGnatelyt ex@/plel BiP @ mauti-sfuge ampPRerbht rAgiebe mmplermented in a TIA
Figure 3 shows a schematic diagramof a TIA 300

an@EmBb AR dtsto? 1 PR AP HivERIn £E n&ﬂﬁnﬁ@n?tﬁ&%ir%egtlg.df

shown in Figure 2 incorporating a receive signa

str %%%rlaii ntgia%%'inoo% i?f]’lz ?Tlt bR IR R %hEWn I?Sﬁ uisé Q,Qﬁlé inip[llt signal
responide o recel pr ot anGptical st ghalt &h &

hot odi ode .
SOE comprises an AC current component and a DC current component. QOutput terminals

312 and 314 may generate a voltage which is representative of the magnitude of the
composite AC and DC current components of the input signal 304. In the illustrated
embodiment, the voltage from the output terminals 312 and 314 may have a magnitude
that is substantially proportional to a magnitude of the composite AC and DC current
component.

An amplifier 316 may receive a voltage from the output terminal 312 at a non-
inverting input and receive a voltage from the output terminal 314 at an inverting input.
Low pass filters (LPFs) 318 and 324 may each receive an output voltage from the
amplifier 316 where the inputs to each of the LPFs 318 and 324 have a voltage difference
that is substantially an amplification of the voltage difference between the output terminals

312 and 314. According to an embodiment, the LPFs 318 and 324 may substantially
10
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306. An anplifier 302 may receive a single-ended input

304 from a photodi ode 306 which is responsive to an
wepiosozl4sdat a si gnal and provides a differentiBtT/O810p4026258

vol tage at output termnals 312 and 314. The TI A 300

may be fornmed as part of an integrated device (e.g.,

i LAS; LG8 d i 3812 and

reri B pfins Pl Fpd Gl EE ARG AR BetE P ol bl S taded 2 on

rocess such . a nmentary netal . oxi .

315 EE R besr A CraeR o b 8 56l s parign of the
this is nerely an exanple of a ocess thatm e d
amplifipdsy ohage PG deRIRSBHH M Al e BIC eYEEnh RBROT e b 18

are not limted in this respect. Figure 4 shows a
and 3emmay atso demgveapnruénsanf naisplailddddyy the ampliGior Hitnig previding the
enbodi nent of the anplifier 302 shown in Figure 3. A
amiplified vélrages.f Teadutput of tiaglePe dIf(cospsisiag ttheissiagidortidtof the
A gate of the transistor 406 may receive a single

NEE4!v oI Wi PR profnftiSE BEIhE TR E@eknt BoMboriedythiiah ided
am§04 f‘r/orﬁ%ghe phot opoTi oge 1306. I n response P% th)re?nfp}ﬁpeurt)mVl ©

. . } |

to & bR Bonsifof FACIA PRty S RO Y EOR RSB 8 B efrens

410 may provide, an ut voltage on differential
COIBE?I}ﬁB‘f}(rPE‘rtﬁFHQuE,S‘ﬂ'iaE%hgd 414. In an alternative

enbodi nent, the anplifier 402 may conprise a

mul #iccendingetorapsaibegimens, adudier pisalt 320 magrecpiye dhe oukpigs of the

Ser. No. 10/074,099 filed on February , 2002. However,
LPFha3&amt 824eredifferentiatplotsgosigreal mblich may hejeepagsphtafiveof the

that may be inplenented in a TIA and enbodi nents of

maghRud¥ FIRODC divRAt todipoest dTalkie Inbwi di@thl BOM.t a®€ponse, the buffer
respects. According to an enbodi nent of the TIA 300

cirSHP3k gé&lﬂétg aifrdrBftidl RBYY sighs1MAl difO4n G 1RiRAS 38 where the

curre conponent an(l:I a DC current conponent.
o Y PSS TP LR WA SRR ARG or e
current component of the input signal 304. By providing the RSSI signal as a differential
signal, many sources of noise can be eliminated over designs which provide an RSSI
signal as a single-ended output signal. Such noise sources may include, for example,
power supplies, parasitics of bond wire and power lines on-chip, impedance mismatches
and variations in devices that may be introduced at any circuit node between a single-
ended output terminal generating the single-ended RSSI signal a reference node (e.g.,
ground). In the embodiment illustrated with reference to Figure 3, on the other hand, to
the extent that the multi-stage amplifier 302, amplifier 316 or LPFs 318 may introduce
noise to the voltage at either of the differential output terminals 328, these noise sources
may equally affect the individual signals provided at each of the differential output
terminals 328. Accordingly, the resulting differential RSSI signal may substantially

cancel the effects of these noise sources.
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conposite AC and DC current conponents of the input

signal 304. In the illustrated enbodi nent, the voltage
wo e@srdaeo out put termnals 312 and 314 may havBCHUS2004/026258

magni tude that is substantially proportional to a

magni tude of the conposite AC and DC current

co . )£ b f

e e RS o g RSl B L
receiv o] t fromthe.output, termnal 4 at an.

Pop&T SR PRt 1A g HRetodipdc Which iiradages.e sepaials Hpise source
may each receive an output voltage fromthe anplifier

forzepgh mAweRsUPREY - iBipgansratias S rsignakbaspypan thegdifergptial output
have a voltage difference that is substantially an

signajofi the ThA 300, asfin tHeepresshtlpglisuated embodimebk awegle ¢dnemon power
output termnals 312 and 314. According to an

supm‘g 340 rRitbe usbdEfor BoweddBbeththe3ptbtdtiyde 306 and the TIA 300.
substanti al l yrenove a portion of the anplified voltage

Aé\%h{c%ﬁélﬁ%?refa%tﬂ’(‘ﬁs%rht eAHREImih &I dTitNAdiffehAaPitpul ibhal may be

I's representative of the AC current conponent to
Caicsee!de\te the portion of the anplified voltage which is
rrlegresent ative of the DC current conmponent. The LPFs
318 and 324 nm | so renmove r{ians.of. noi se add by ..
* he FARP Seivays §aeherptip Aoram Hos bHEcTgiahic Ry esieyst ¢ dgagentiel
The output of the LPF 318 (conprising the isolated
RS§$d signahacgerdingeto amsmbodisaeny of the baffeneieyiti326 in Figure 3. A
representative of the DC current conponent) may be
differentiad @thptifiercigiuitis 00 meaysietivr a @iZerentiakinpstt sagrtal afl differential input
renove all or a portion of the DC current conponent

terkdifdTs S0Band¥04 For RahpldOfte 0haO6HaBIN of the AIPFE BN AhdBZY may be
a buffer circuit 326 may receive the outputs of the

o AR A 8 L A e YORARE Al
res?pgé%g Epgt fé%ﬂﬁeoenr&n# %Il%];lt §i£§a1,i g Hltffe‘?’ei:r%gﬁallmg’l?ff'ér c&r@uit 500 may generate
a differential RSSI signal at differential output terminals 506 and 508.

Figure 6 shows a schematic diagram of a circuit for an LPF according to an
embodiment the LPF 318 or 324 shown in Figure 3. The LPFs 318 or 324 may be any
LPF formed using a resistor 710 and capacitor 712 as shown in Figure 5. However, this is
merely an example of how a LPF may be formed in a circuit and embodiments of the
present invention are not limited in these respects.

While there has been illustrated and described what are presently considered to be
example embodiments of the present invention, it will be understood by those skilled in
the art that various other modifications may be made, and equivalents may be substituted,
without departing from the true scope of the invention. Additionally, many modifications

may be made to adapt a particular situation to the teachings of the present invention

without departing from the central inventive concept described herein. Therefore, it is
12



circuit 326 may generate a differential RSSI signal on
differential termnals 328 where the differential RSSI

WG e@sako4gnpri ses a voltage that is represent apCweESIN4/026258
the strength of the DC current conponent of the input
signal 304. By providing the RSSI signal as a

intgrlfc{eﬁﬁﬁa% %e‘ lese?ﬁ %Sgﬁt?oél@%ﬁ.ﬁgﬁ{eﬁ Nox th‘%f aﬂ%uﬁa&g@ggﬁgeﬁg disclosed,

nated over provi de an

I

of bond wire and power |ines on-chip, inpedance
claimsmat ches and variations in devices that may be
i ntroduced at any circuit node between a singl eended
out put term nal generating the single-ended RSSI
signal a reference node (e.g., ground). In the
enbodi ment illustrated with reference to Figure 3, on
the other hand, to the extent that the nulti-stage
anplifier 302, anplifier 316 or LPFs 318 may i ntroduce
noise to the voltage at either of the differentia
out put term nals 328, these noise sources nmay equally
affect the individual signals provided at each of the
differential output termnals 328. Accordingly, the
resulting differential RSSI signal may substantially
cancel the effects of these noise sources. | Generating
an RSSI from single-ended signal typically entails
using a separate power supply for both a TIA and a
phot odi ode whi ch i ntroduces a separate noi se source
for each power supply. By generating the RSSI signa
based upon the differential output signal of the TIA
300, as in the presently illustrated enbodi nent, a
singl e common power supply 330 nay be used for
powering both the photodi ode 306 and the TI A 300.
Accordingly, correlated noise at each term nal of the
di fferential output signal may be

13
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cancel ed. Figure 5 shows a schematic di agram of a
buffer circuit to generate a differential RSSI signal
waewsnzi4eg t o an enbodi nent of the buffer circRCT/USRDE4/026258
in Figure 3. Adifferential anplifier circuit 500 may
receive a differential input signal at differentia
C]L.?WS termnals 502 and 504. For exanple, the output
each of the LPFs 318 and 324 nmay be applied to a
corr, ondi n ne of the differential input termnals
502 ‘gﬁ%‘%g’ﬁmgﬁdﬁ Tesponse, to the differential input
signal, the differential anplifier circuit 500 may
genérate‘%sﬁ???é?réﬂ?ﬁl%\g RSSI signal at differenti al
output term nals 506 and 508. Figure 6 shows a
schermiotaliatieagr am of a circuit for an LPF according to
an enbodi nent the LPF or 324 shown in Figure 3. The
LPFs teansiddpedanmy aaeplidiey cdoiprisiny arexiputstemginal to esdestecm it
and capacitor 712 as shown in Figure 5. However, this
cutrent RSt the SHOLRRATEPAR] st AMedorddrdiffeRMtiBI Uk R fhindls provide
circuit and enbodi nents of the present invention are
d in these respects. Wiile there has been
an%ﬁhN&tra ed and descrlbed what are presently

consi dered .to l e enbodl resent

Ve siptl SeE R POt Dg Ciffrbubag R R B Al strength

the art that various other nodifications nay be nade,
indjgatioad BSv R segnakbasgd, ab éeaglip parts yposdhe Q\thhto‘{ﬂlta%part i ng

fromthe true scope of the invention. Additional

man\a datedieEoveay Cioavst tagyovide arsatial tdata aigapltin gespansei to eoutput

situation to the teachings of the present invention
vohhddiand departing fromthe central inventive concept

descri bed herein. Therefore, it isintended that the

Pr esefikeddtENbIpPeVilA pA811d1 il Bghal B feffonB&d the ! b'érﬁtrl data signal.
enbodi nents di scl osed, but that the invention include

al | enbodi nents falllng wi thin the scope of the
appended

2. The system of claim 1, the system further comprising a SONET framer to

receive the parallel data signal.

3. The system of claim 2, wherein the system further comprises a switch

fabric coupled to the SONET framer.

4. The system of claim 1, the system further comprising an Ethernet MAC to

receive the parallel data signal at a media independent interface.

5. The system of claim 4, wherein the system further comprises a multiplexed

data bus coupled to the Ethernet MAC.
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clainms. CLAIMS What is clainmed is: 1. A system
conprising: a photodiode; a transi npedance anplifier

W@ 0up02@8ng an i nput termnal to receive an i NPCIL/US2004/026258
current fromthe photodi ode, and first and second
differential output termnals to provide an out put

vol (age; g gyégﬁén\rf)g ﬁ@krﬂ N2y h SreFHI YL td ?ﬁrﬁﬁrr QBmPﬁses a switch

generate a I'al "receive signal streng

i ndi cati,on | [ | based, at least in part, upon
1h9ﬂﬁ§°88%ﬂ&?ﬂ%ﬁ%ﬁﬁb@ﬁ%gegata recovery circuit to provide

a serial data signal in response to the output

vol tage; and a deserializer to provide a parallel data

signal in response to the serial data signal. 2. The

syst’lem ofThelsgstem df clafre 1syhereim the fnpueeurcantpemptiseg adDC current

SONET framer to receive the parallel data signal. 3.

cothpenay ah@an AC ar@hteoinponbey therappiratus Yistlemcbmptitiag a DC offset
conprises a switch fabric coupled to the SONET framer

caffoelldtiéh Sivcuite8sstantiaiytehove ABla S fIMidH6ttAEDC siFnal component
conprising an Ethernet MAC to receive the paralTlel

S . 112, ol e o e. 5. The
P R b B AR B SRS,
conprises a nultiplexed data bus coupled to the
Et hernet MAC. 6. The system of claim4, wherein the

system further conprises a switch )
The system of claim 1, wherein the input current comprises a DC current

component and an AC current component, and wherein the RSSI signal comprises a

voltage that is substantially proportional to a magnitude of the DC current component.

9. The system of claim 1, the apparatus further comprising:

at least one low pass filter to provide a differential voltage signal in response to the
output voltage; and

a buffer circuit to generate the differential RSSI signal in response to the

differential voltage signal.

10.  The system of claim 9, wherein the buffer circuit comprises a differential

amplifier to generate the differential RSSI signal in response to the differential voltage

signal.

11. An apparatus comprising:
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fabric coupled to the Ethernet MAC. 7. The system of
claim1, wherein the input current conprises a DC
waeosersconponent and an AC current conmponent PCT/182004/026258
apparatus further conprising a DC offset cancell ation
circuit to substantially renmove at |east a portion of

t he %n§1'nﬂﬁﬂ£nc%%%‘ﬁﬁgp ﬁr%m Jhein E‘ﬁnih@lrtmr%kve%slﬁ'ﬂlt

at east n part, ‘on t e Tout age e system
ses

cuffbcit a@éﬂtﬁ\é\ﬁgﬁ’t ang i\ A @S?Ufi%?fﬂb% GRERE G gftyBbrovide an

wher e| n the RSSI signal conprises a voltage that is
outnyh¥QlEAgEi al |y proportional to a nmagnitude of the DC

current conponent. 9. The systemof claiml, the

apparmegeires fignal beengdoimdicator tygengrate @ diferential fesqivpaigsal strength

filter to provide a differential voltage signal in
indiesipa(R8SI)Gignakbasad, @titeastdh pagaipoanik autputfviodtagei r cui t

to generate the differential RSSI signal in response

to the differential voltage signal. 10. The system of

claim9, wherein the buffer circuit conprises a

di f fier entgpal [
Rssi! % gl apﬁﬁ?‘éééfaﬁé*g‘ PLAPREETHR PR Pich Ll a DC
S copprisin transi

cugiPrpaReh: G AR QG FTRRATELe i ARARSLS ARG compging a DC

i nput current from a phot od| ode, and first and second
of@setfop@?eéhtl%mr@mts@tlbsrt@tmlh E0VEQt Jasha pritign obthe Rt signal

vol tage; a receive signal strength indicator to
cogporxng fronathd ifffué teeminiab based g ilanet igipgriadn theroutyyt Moltage.

13. The apparatus of claim 11, wherein the input current comprises a DC
current component and an AC current component, and wherein the RSSI signal comprises

a voltage that is substantially proportional to a magnitude of the DC current component.

14.  The apparatus of claim 11, the apparatus further comprising:

at least one low pass filter to provide a differential voltage signal in response to the
output voltage; and

a buffer circuit to generate the differential RSSI signal in response to the

differential voltage signal.

15.  The apparatus of claim 14, wherein the buffer circuit comprises a
differential amplifier to generate the differential RSSI signal in response to the differential

voltage signal.
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i ndication (RSSI) signal based, at least in part, upon

the output voltage. 12. The apparatus of claim,
wWOob@s®e20s8t he | nput current conprises a DC cur rBEIL/US2004/026258

conponent and an AC current conponent, the apparatus

further conprising a DC offset cancellation circuit to

substant il | at. |l east a portion of the DC

sigﬁgl céﬁ%ﬁﬁgﬁ?6?¥gﬁ?%he i nput term nal based, at

| east in part n the.output voltage, .13, . The

apparesttied B opEfen? i Bt oo B oty el of =

conprises a DC current conponent and an AC current
trapgipedanse amRHHSHher ei n- t he RSSI si gnal conprises a

voltage that is substantially proportional to a

magigenaraténgyn eutputDoltage atdinst and sgrond differgntial Phiput terminals of the

apparatus of claim, the apparatus further conprising:
tra@i§impedasice amplifieminpaspdndd tbttisy inpat quirewi;dada di fferenti al

vol tage signal in response to the output voltage; and

a bybh&htig 4 Gitfetential ©8EE ﬁgﬁhl tshength {Hdda86h (RESIRSEhal based, at
signal in Ttesponse to the differential voltage signal.

: e aim 14, wherein the buffer
lu%?PééﬁfW@onp??égﬁtﬁﬁg%%TerentiaI anplifier to generate
the differential RSSI signal in response to the
differential voltage signal.16. A nethod conpri sing:
receiving an i nput current from a photodi ode at, an ,
i npdf- t erliie megthast ofglaimglfs whswirnthe dnpypirentpmprises a DC current
generating an output voltage at first and second
contipbiiant end araAConrput cangpamentaths nodthodhirthenemnprpansubetantially
anplifier in response to the input current; and

- removing at least a portion of the DC signal component from the input terminal based, at

least in part, on the output voltage.

18.  The method of claim 16, wherein the input current comprises a DC current
component and an AC current component, and wherein the RSSI signal comprises a

voltage that is substantially proportional to a magnitude of the DC current component.

19.  The method of claim 16, the method further comprising:

receiving the output voltage at by least one low pass filter

generating a differential voltage signal in response to receipt of the output voltage;
receiving the differential voltage signal at a buffer circuit; and

generate the differential RSSI signal at the buffer circuit in response to the

differential voltage signal.

17



generating a differential receive signal strength

i ndication (RSSI) signal based, at least in part, upon
wo bmsoeuput vol tage. 17. The net hod of cl ai m 1BCT/US2004/026258

wherein the input current conprises a DC current

conmponent and an AC current conponent, the nethod

fur :25 er Ef{ﬂ?]ét}?dl%ﬂ's Iffzgﬁsll@a WhbRid te rbﬁff'f?f’ élf&ﬁ%%rﬂﬁ?i@&t a @ifferential

portion o conponent

term nal ba on th

ampffigt azengigte e g MresrF AR TBEH  eSPori o B rantia wolpeee

.current conprises a DC current conponent and an AC

sigdgk r ent conponent, and wherein the RSSI signa
conprises a voltage that is substantially proportiona
to a magni tude of the DC current conponent. 19. The
met hod of claim 16, the nethod further conprising:
receiving the output voltage at by | east one | ow pass
filter generating a differential voltage signal in
response to recei pt of the output voltage; receiving
the differential voltage signal at a buffer circuit;
and generate the differential RSSI signal at the
buffer circuit in response to the differential voltage
signal . 20. The nethod of claim 19, wherein the buffer
circuit conprises a differential anplifier to generate
the differential RSSI signal in response to the
differential voltage signal.
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