"0 01/47173 PCT/ DKOO/ 00723 1 A MJULTI - RATE TRANSPONDER SYSTEM AND Cl-ﬂl %NS'EM
FI ELD OF THE | NVENTION 5 The present invention relates to a nulti-rate
transpORIH7ISystem and circuits that support recepti onpandki/assii ssi on of
serial data streans at nominal rates and of transport network rates
according to one or several standard comruni cation protocols, such as SDH
STM 1/ ASTM-BLRSTITERINTINGEDERNEY ITREOAIRDIGH S §Epabit Ethernet. The
multi-rate transponder circuit may conprise a chip set that inplenents a
front-end in high-speed 10 Optical Network applications, thereby providing

i nt er coiFIECOFOMMBbINWERRTION gh-speed |ine interfaces and standard system
controllers. These systemcontrollers nmay be based on CMOS Application
Specific Integrated Circuit (ASIC) technology or based on FPGA technol ogy,
and shanebiesenaiblantion rdiafe@ablaymcanaact iR ired
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| NVENTTORPIH FigansgastionPrhieral delgritieamsaatinemina) satesrend of sansportder chi p
sets, h¥oRdtates SLBRINPIGhe & BRI ¥BNhJSHY q%ﬁﬂgxbigacﬁornad?étm:@g,gucﬁhlsp’ are

utilised to anpli H/ and reshape a, typi cal storte I'gnhal” waveform
of an PREAMY/ SEM-4 STt 18/STVnanst 1.2AC GiritfyGigabi EdtermelnThomupiene de a

r eshapggn Qb @i 219, ; ; L&l litude. The distortion of the
si gnal vv%sf/bgf %é}lnq&? gmﬁﬁeﬁwgﬁ.gga%,%§gtﬁ% IP%%E"%%“%%?%W SPAIPIGEPRSES s, e. g.
di sper Spberl Aetvork@phlicatides. dvereby ptdvating inferominsotidn batkes high-dpaed hgh- speed

digita [ ' LN me applicatigons, it is furthernore
desi ratlltéére‘!g%@l %@g%bg&td?g'?%@gl}%rﬁ%gﬁﬁ" ? E%Sf'?s?fs?e'ﬂéf’ﬁtr‘a@fsr'gﬁ?‘ree Sth8F eased bit
rates 6MQY apmisetien Bpeaiftr kidyrated Riesit 48SHBteedidon of besdeehpPcal st andard
| TUT According to,this standard, data streans be received and
transmgtt?lg%é % aﬁgﬁ}eé%b p'é?a{%len@t%rpby fPenechieanghswaportdneiaishieguised a bit rate
t hat | Gbit/e opedtiombf ihe Higtctmaedingheterfbbes) t he nonminal bit rate of the

rel evant conmuni cation protocol. Thus, data 30 m ght be transmtted and/ or
received at the nomnal bit rate nmultiplied with a scaling ratio such as
15/ 14, BAEKERGANBIORtEE INseENTdongl y, any nom nal bit rate may have one or
several corresponding transport network bit rate(s). If the nomnal bit
rate of the utilised comunication protocol is 2.488 Ghit/s, which is the

35 casie ighrspBENidifital Edtemahicatisredystils Lthmsbo AT RABAREs LB LOMBlisiRg abl e to
receive and 1 JUN 2004 : : - :
areceiver chip and a transmitter chip, are utilised to amplify and reshape a, typically,
20 distorted signal waveform of an incoming serial data stream or incoming data stream to
provide a reshaped outgoing data stream of nominal amplitude. The distortion of the
signal waveform is often created by the transmission characleristics, e.g. dispersion and

amplitude attenuation, of network cables in the high-speed digital communication system.

25 In some applications, it is furthermore desirable to be able to receive and transmit data
streams at increased bit rates or transport network bit rates as defined in the technical
standard ITU-T G. 975. According to this standard, data streams may be received and
transmitted at a transport network bit rate which is defined as a bit rate that is an odd ratio
factor higher than the nominal bit rate of the relevant communication protocol. Thus, data

30 might be transmitted and/or received at the nominal bit rate multiplied with a scaling ratio
such as 15/14, 16/15 32/31 etc. Accordingly, any nominal bil rate may have one or

several corresponding transport network bit rate(s).

If the nominal bit rate of the utilised communication protocol is 2.488 Gbit/s, which is the

35 case for STM-16, the chip set and the transponder system must be able to receive and



WO 01/ 47173 PCT/ DKOO/ 00723 2 transmit data at rates at the correspggdl RY
transport network bit rates of 2.666 Ghit/s and 2.568 Ghit/ to suppor UA2004
15/ 14 aﬂqlﬁ%%} transport network bit rates, respectively. The overhead
data which ar€”provided by the use of, the transport netwdil/BK42%es my
be wutilised for systemlevel servicé purposes such as nonitoring error
rates of the data 5 streans between network nodes and/or correcting errors
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a si ngl eninddt and ahetrbhigdapenstertisheuidtbe dipabrIARLYporSy Rcefid/Set, and a
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of transport network bit rates. 25 According to one aspect of the

invention, there is provided a nulti-rate transponder systemthat is

capabl e ﬁ@Eor"o?r@W.YtiiE‘Qeéi%Ié @%i@%iadﬁﬁ e?ﬁaﬁﬁ%ﬂd@} c@cdﬂ?é‘?ﬁg@%?l?iag aé §e q at a
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selected nominal bit rate.
SUMMARY OF THE INVENTION

20 One object of the invention is to provide a single multi-rate transponder circuit, preferably
as a chip sel, and a corresponding multi-rate transponder system that are capable of
supporting multi-rate reception and transmission of incoming and outgoing serial data
streams, respectively, and furthermore support reception and transmission of transport
network bit rates.

25
According to one aspect of the invention, there is provided a multi-rate transponder
system that is capable of receiving the incoming data stream at a nominal bit rate or at a
corresponding transport network bit rate and wherein the bit rate of the outgoing serial
data stream or outgoing data stream is independently selectable as either the nominal bit

30 rate or the transport network bit rate.

35



3 DESCRIPTION OF THE I NVENTION A first aspect of the invention relategings
a multi-rate transponder systemfor receiving an incom ng data stream and
transnMQ #ingizan out goi ng serial data stream the multi-patgi&ethsAnsponder
system conprising: a receiving part3 a systemcontroller and a transmtting
part; the receiving part conprising: 10 a Cock and Data Recovery (CDR)

ci r cui tDBfaptrEdoNOFaeat wevtfreoncom ng serial data streamat a nom nal
bit rate or at a corresponding transport network bit rate, the CDR circuit
bei ng adapted to derive a clock signal and a data signal fromthe incom ng
serial A flat asplct 68iMe (@R apted 1o enerate an
i nconi ng_dat aﬁscl gnal basééégﬁattgﬁté@gtéﬁ@\cﬁ%ghaﬁ dg%g%éﬁg? rRtf rﬁ%e"g 9&8ver al
dat a t PETRIPIEY deleanieansandifanseitingaio autgaing m'rlad:datemtreaadam mdittrategener ate a
reCG'ﬁ’Qian%b&fdér%kQ@%kd?ﬁh& Jgceiver clock line, 20 and a reference clock
circuit adapted to generate a reference clock signal for the transmtting
part based on a clock signal associated with the incom ng serial data
stream it %S r| si.n stem data recei ving neans,
systemadréggblﬁggﬁsfEé(rggﬁggﬁésc;n%hstem HREBY g%@@é ng neans and a
slide-buffer, 30 the system data receiving neans being adapted to receive
the in t nal from the one or several data transfer channels
and thgm?}eéggl &g paa'féoqn S ng?r‘nal fromthe receiver clock Iine and to provide
t he 10nconi ng data si gnal to the slide-buffer for clock domain transfer,
and 1 L&‘o&?@“ é\qg [ 47173 _PCI/ DKOO/ 00723 4 the system data processing
neans being ada TEVBYICEED crRdt porRted WRgeerirthsi fogrining serialideta

s i de- buédrorat byoirfisaititag dlak a birbspddirg hepdR ROWIAGLRNE AL g and/ or

extrac bclata bits fromthe incom ng data signal and/or nonitoring data
bits i e CllEeR=Tv=Tol! @aq%lvglagqll%qk signal and a data signal from the incoming serial
data stream, and
15

a data transfer circuit adapted to generate an incoming data signal based on the derived

data signal on one or several data transfer channels, and

a clock transfer circuit adapted to generate a receiver clock signal on a receiver clock line
20 and

3

a reference clock circuit adapted to generate a reference clock signal for the transmilling

part based on a clock signal associated with the incoming serial data stream,

25 the system controller comprising:

system data receiving means, system data transfer means, system data processing
means and a slide-buffer,

30 the system data receiving means being adapted to receive the incoming data signal from
the one or several data transfer channels and the receiver clock signal from the receiver

clock line and to provide the incoming data signal to the slide-buffer for clock domain
transfer, and



to generate an outgoing data signal to the systemdata transfer nean
3 ook

one or several 5 data transfer channels, and the system data transt

means bgi pted to provide the outgoing data signal to the
transmbﬁtbirb?lfé%ggrt in response to a gransmtter clock si gh&"tEPPHEd on a
transmtter clock line, 10 the transmtting part conprising: a transmtter

Phase Lgcked LO%P %PLL adapted to receive and | ock onto the reference
cl ock sﬁﬁrﬁ’!?te BRSPS BRI IPEGORKPSrgtRalh e mioayng Aaterfa@ier ence

cl ock sitgnaibie-bffertbytinansng bhRIbigliNekns inceHiilg astaniamk beu/gesarRtifg bhe
transmitter clock signal to the sgllstem data transter neans, a data

recept i B 9T A NeaBRGEE BlgnelrEl Tanenierisagid hke @dba inspgteg ddtesiorehe
syst em gadeer=A® ah lBRAR dAIE ARMaPRANE QyaEREIAL ¢ahber ARGhaLn UM IPsAg. dat @

streamat the nomnal bit rate or at the corresponding transport network
bi t rateatpaapeneeaiels. 8hdthe bit rate of the inconing serial data stream
based on the outgoing data signal and the output clock signal. 25 In the
present specification and clains the term"nomnal bit rate" designates a
bi t rati@e systam dajadlassiar egns heiog@idaptesittapdavidk ted wgrimy namatdgren tgmet ocol .

As an e : i . es |ti-rate transponder circuit. . or systemis
adapt edt)é 0 sltﬁB%B%Ft]@ger?ﬁﬁﬁslec@ﬁ% 5@!‘86‘3&%@%@ %W&%ﬁﬂf féfantsﬁ‘éteﬁﬁﬁ%chal bi t
rate eginel s 2.488 CGhit/s. The term'transport network bit rate" designates

a bii rate of a data streamthat is increased with a scaling 30 ratio
rela(?ve to a corresponding nomnal bit rate of that data stream A nunber

of st andamdsmirthd pansqapisimet work bit rates associated with a nomnal bit
rate is reconmended by ITUT G 975. According to this standard, a

transport network bit rate equals the nomnal bit rate nmultiplied with a

number pfrasdhitst Bkdse (QRRed @éé;pgp_fm tagtéﬁted VO AT drPo8¢ ?@}5’1%55&%@%@3

According to the present invention, e system control e conprise a
propr i eti@Ekysiany and i ernesals Enautput cnsirsigniahbase ceemihedslecenrdectiegiragedsor  and
assogd ated logic circuitry. The systemcontroller may al so be provided as
an ASIC that comprises a fully proprietary mcroprocessor or a

comrer @ Bpnsideralockslineuib pdenide tp atngraleribe resemittaniclochsighal toghe system

data transfer means,

a data reception circuit adapted to receive the outgoing data signal from the system dala
20 transfer means and to generate the serial outgoing data stream at the nominal bit rate or

at the corresponding transport network bit rate independently of the bit rate of the

ftncoming serial data stream, based on the outgoing data signal and the output clock

signal.

25 Inthe present specification and claims the term “nominal bit rate” designates a bit rate
that equals a bit rate of a standardised communication protocol. As an example, if the
present multi-rate transponder circuit or system is adapted to support communication
according to SDH STM-16, the nominal bit rate equals 2.488 Gbit/s. The term “transport
network bit rate” designates a bit rate of a data stream that is increased with a scaling

30 ratio relative to a corresponding nominal bit rate of that data stream. A number of
standardised transport network bit rates associated with a nominal bit rate is
recommended by ITU-T G. 975. According to this standard, a transport network bit rate

equals the nominal bit rate muitiplied with a number of selectable odd ratio factors.



5 integrated with customdesigned logic circuitry. In sone applicati onﬁ l][]ﬂ
may be advantageous to provide the systemcontroller partly or fully

FPGA t¥e&HMBrigygy or ot her programmbl e | ogic technol ogyp&pﬁbﬁgg@@g

pr ot ot ypi ng/ debuggi ng and/ or on- the-fly re- programming of th

functionality of the systemcontroller. The system data recei VI ng neans

and t heccayditem tHapedehainséRlonTBaNs sWhh ebhiadig, ﬁ%§r5g3§;nmrge ogro{;gqgl ving the
data signal fromthe receiving part "and transmtt
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datg nal to generate an incomng nulti- gnal representl ng
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01/ 47578ePiely ¢anoLe00723 6 The receiver clock si gnal that controls the
trapsfer of the incomng data signal to the

Where multi-channel data buses are utilised for communication of the incoming and
outgoing data signals, a 16 channel data bus may be utilised both for data transmission
between the system controller and the receiving part and for data transmission between
the system controller and the transmitting part. However, any other practical number of

25 channels could clearly be utilised, such as 4, 8, 32, 64 etc. Accordingly, the receiving part
may comprise a demultiplexer circuit, operating synchronously to a clock signal that is
based on the derived clock signal of the incoming data stream, receiving the derived data
signal to generate an incoming multi-channel data signal representing the incoming data
stream on the several data transfer lines. The transmitting part may comprise a

30 muitiplexer circuit adapted to receive an outgoing multi-channel data signal representing
the outgoing data signal from the system data transfer means, the multiplexer circuit being
adapted to generate the serial outgoing data stream based on the outgoing multi-channel

data signal and the output clock signal.



system data receiving nean is preferably scaled down fromthe recei ved]JIN 1)L
rate of the incomng data streamin proportion to the sel ected nunber of

channehwo ofi4itee i ncom ng data signal. Accordingly, if tp@rr%ﬁﬁ@ﬁﬂﬁﬂ dat a
streamis received at the 2.488 Ghi6t/s bit 5 rate of STM1 and a 16
channel incomng data signal is utilised, the receiver clock signal is
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receiver clock signal, 16 bits of data are trans he” data bus.
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controller qgrgpﬂ@rlies a so-called slide buffer

cl ock S8R HiF fhgplarargA@naisHes avat theat®dBvs-ori ng of individual data bits
in the incomng data signal. The bit manipulation that is required in a
particular nulti-rate transponder system wll generally depend on a
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t hose dmpdifiedhildtis mratsd wie fafibesighhihaodinideadriciad airbuvsodsgienthakinzagbrd, 25
may beﬂ;teré'aorgﬁrgtt tnqdmast n outﬁé)i ng tdata streamto the next network node of
the communifcati o ‘sr%et PP P88} t uation, the bit rate of the out goi ng

dat a5streamw ||l be lower than that of the incom ng data streamin
accordix‘gce Wi th tPe scal i ngFrati o of the incomng data stream Thus, for a

32131 SCRPYHY AN BIYCA ISR ESR GRiedishde Riftes dichiima mgrpory _igaigsclocke

out goi dgmdiatteansteream ibibulBfordhbaiorlng B Sndifidial @bt IR ih MOREdIBingdfaly St ream
and 30 wi | lpit’w%ﬁl cally correspond to the nomnal bit rate of a particular

st anda?8@"¥o it SRRl BRldE 6PqUiIrRd iR B pafticwlar yull-File HRPTRINERr BISEEAL i on may
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is less than the bit rate of the outgoing data streamin accordance with
t he?@ cAHtigls Benondai system e lperiad iat § desinatiop@ode PEihamemaicalieni cat i ons

wher ei RetivB, SLRITMEANEEE! hfen inSayPSIARLE el By ARG he Q¥ARBRAMNBLR T NtO an
i ncoming data 35 stream of a nom'nal rate.
network bit rate or increased bit rate, may be extracted from the incoming data signal and

subjected lo analysis and/or error correction by the system controfler. The transport
stream data, i.e. those data which are left after the overhead data have been extracted,
25 may be transmitted as an outgoing data stream to the next network node of the
communication system. In this situation, the bit rate of the autgoing data stream will be
lower than that of the incoming data stream in accordance with the scaling ratio of the
incoming data stream. Thus, for a 32/31 scaling ratio of the incoming data stream, the bit
rate of the outgoing data stream wilt be 31/32 times that of the incoming data stream and
30 will typically correspond to l.he nominal bit rate of a particular standard communication
protocol. Alternatively, the opposite operation may be required in the system so that the
bit rate of the incoming data stream is less than the bit rate of the outgoing data stream in
accordance with the scaling ratio. This functionality could be relevant for applications
wherein the system controller is adapted to insert overhead data into an incoming data

35 stream of a nominal rate.
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i nvol ves solely nonitoring the individual data bits of the inconming'd N2 004

stream@UiGhidt or the operation of the communication netppaiglggs30Ni toring
the operation of a particular netwofk node to network node connection or

data link by calculating statistical properties such as error rates and
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synchr ogteusk bifrateaddpabiiity,. | S mandatory that the nulti-rate transponder
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system and circuits provide the i incoming and outgoing data streams synchronously with

respect to each other. According to the invention, this has been achieved by extracting or
deriving the reference clock signal from the incoming data stream and forwarding this
reference clock signal to the transmitter PLL provided on the transmitting part or chip

25 (where the multi-rate transponder circuit is provided as a chip set). The transmitter PLL
circuit will hereby be locked onto the reference clock signal during normal operation,
where an incoming data stream is present. The output clock signal must be based on a
signal that is synchronous to the reference clock signal to provide a fully synchronous
multi-rate transponder system and circuits. One or several divider circuits may be inserted

30 between a transmitter PLL output signal, from which the output clock signal is derived,
and the output clock signai to e.g. properly scale the bit rate of the outgoing data stream

in accordance with the communication protocol of the communication network.

The reference clock circuit may be comprise one or several dividers coupled to the

35 derived clock signal provided by the CDR circuit. The dividers may be arranged in paraliel
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whi ch  teiigahi semiem itherRcbrdpé aapspdr riedodtbit e, ifdRBeRHty R tDEiKJad br rat e
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shoyl d be transmtted the nomi nal bit rate reversed situatlon applies
0 data signal channels, such as 16 or 32, are utilised for both data signals. A consequence

of this is that the clock frequencies of the receiver clock signal and the transmitler clock
signal may differ. Such a difference could, as an example, exist in an application wherein
the multi-rate transponder system is adapted to receive an incoming data stream which
comprises overhead dala provided at the transport network bit rate and the system

25 controller extracts these overhead data and solely conveys the transport stream data. The
cutgoing data stream will consegquentiy contain fewer data bits than the incoming data
stream by and should be transmitted at the nominal bit rate. A reversed situation applies
when the system controller is adapted to insert overhead data into an incoming data
stream received at the nominal bit rate.

30
The CDR circuit of the receiving part may comprise a line rate Phase Locked Loop (PLL)
which is locked onto the incoming data stream during normal operation. In such an
embodiment of the invention, the line rate PLL comprises a Voltage Controlled Oscillator
(VCO) that generates an output signal which is coupled to a first phase detector input

35 terminal through a receiver line divider circuit. A second phase detector input terminat
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mtegrated circuit design engineer to, convenienlly, simulate and control loop parameters

and jitter tolerance of the CDR circuit and optimise these to any specific signal

characteristics of the incoming data stream, by well-know methods. Alternatively, the COR

circuit may be based on a SAW resonator type of circuit topology, wherein a high Q

25 resonance of a SAW device is utilised to tune the CDR circuit to the bit rate of the

iIncoming data stream. However, the same degree of flexibility with respect to control over

jitter tolerance and jitter transfer which is the case for the PLL based CDR circuit may be

difficult to obtain, particularly where the SAW based CDR circuit should be capable of

receiving and processing data streams at both nominal and one or several transport
30 network bit rates.

The incoming data stream may be applied on a single terminal or on two terminals of the
receiver chip as a single ended or as a differential input signal, respectively. Preferably,

the incoming signal is coupled to a pair of differential input terminal(s).
35
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20 voltage sensitivity, i.e. the oscillation frequency is quite insensitive to an applied control

35

voltage thereby automatically generating a loop of narrow bandwidth. Independent of
whether a crystal or non-crystal based voltage controlled oscillator is utilised the loop
bandwidth should preferably be less than 130 kHz, more preferably less than 80 kHz or
even more preferably less than about 30 kHz for a multi-rate transponder circuit that

25 operates with bit rates according to the STM-16/ STM-1 communication standards.

To effectively suppress jitter generation in the second transmitter PLL, the loop bandwidth
of the second transmitter PLL must be larger than 200 kHz, or more preferably larger than
400 kHz, or even more preferably iarger than about 1 MHz such as about 2 MHz. The

30 loop bandwidths of the first and second transmitter PLLs are preferably made adjustable
by using respective external capacitors to set the respective time constants of the loops.
External capacitors allow straightforward experimental fine-luning of the jitter perfermance
of the muiti-rate transponder system while the system during real operation or during lab
experimentation and prototype testing/evaluation.

35
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signal for the transmtting part
receiving part comprises:

20 areceiver scaling divider circuit adapted to receive the derived clock signal of the
incoming data stream and to produce the reference clock signal for the transmitting part

by dividing the derived clock signal with a selectable receiver scaling dividend, X,

the receiver scaling divider circuit comprising a first group of selectable scaling dividends,
25 each value of X being associated with a particular scaling ratio. The transmitting part
comprises a transmitter scaling divider circuit arranged within the transmitter PLL and

adapted to divide a PLL signal with a selectable transmitter scaling dividend, Y,

the transmitter scaling divider circuit comprising a second group of selectable scaling

30 dividends, each value of Y being associated with a particular scaling ratio,
X, Y being independently selectable positive integer numbers.

Accordingly, the reference clock signal is produced by dividing the derived cloék signal

35 with the selected receiver scaling dividend, X, and the output clock signal of the
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a stream w e
aZO nominal bit rate or at a corresponding transport network bit rate. Furthermore, by seiecting

the value of X larger than the value of Y, the bit rate of the outgoing data stream will be
less than the bit rate of the incoming data stream. Consequently, where the incoming data
stream is received at the transport network bit rate, the outgoing data stream may be
transmitted at the corresponding nominal bit rate by appropriale selection of Y and X in

25 the transmitting and receiving part, respectively.

According to this embodiment of the invention, the previously-mentioned preferred scaling
ratio or ratios, M/N (M and N being positive integers), between the nominal bit rate and
the corresponding transport network bit rate may be obtained in a straight-forward manner
30 by selecting appropriate values for receiver scaling dividends, Xs, and for the transmitter
scaling dividends, Ys. Naturally, there may be practical limitations to how large values of
Xand Y itis possible to provide on an integrated circuit where die area and circuit
complexity must be taken into consideration. Very small values of X and Y, such as
values less than 12 or 10 may also be impractical to use for applications wherein the

35 required scaling ratio or ratios are very small, i.e. smaller than 32/31.
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(M and N being positive integers), between the nomnal bit rate and the
cor r espoRdirHFEreaeprbetounat \ReleRtablet repeiver/tremg mikter shblaigndiddemdsafrom which

straig e J ropriate values for receiver
scal i n?%’ﬁdsm%ﬁgiaﬁ%g Eaarﬁge P%’Fa?hgﬁt})r%r%%’?rﬁpg © U5l sI'er‘i'sra F‘f/?"(ﬁ’gnds, Ys.

Nat ur aldidends seteciedyirdre the arotp cansisting dfatiapns, 160 3h03e, 1581 o@ Bzledes of X and

Yit g ' V] n..ntegrated circupt where die area and
cir cuss fA Cegr?)im I (Ig% érgfe%gtérg‘gocﬁrﬁﬁ'indiﬂﬁ% '5'9%’%5’?? RePAps hrr?.t aQ/gF?CQ:,‘WEHrP“RFaq’fues of
X and ‘tglestable sslinydividesds esscdnstintetlhoscalifly GRidealis Geheoj smeagt i cal to use

for applications wherein the 35 required scaling ratio or ratios are very
small, i.e. smaller than 32/31. - 1 JUN 2004 WO O | /47173 PCT/ DKOO/ 00723

13 The Atctorslingao dnsteeo pebfgratpmbddisehesttabifehfSEitneC DRI @mRsirid t er scal i ng
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prefer rg&d enbodi nent of the invention, . he first and second groups of
sel ect 4DFE Wedomiea! ditvrednasiesled fioana piuralite af prpdeteaminag naininalibineates.56, 60,

62, 64)ThisASShed dr hROLAEH B\ﬁéégs’éﬁﬁe%mt‘il 'tgﬁgasé;ﬂ%endwﬁswmie% the

CDR circuit is furthernore adapted to provide a s ctabl’e nomnal bit
rate. Teransaad metvask bibratetrnan bel scalpshwittab selectableotdafing ratibogth respevato i s al so
adapt edny 9elRéeY icH8ed e as sl £6tL:aN! rpal Bl r re. the nom nal bit
rate is %_el ect eg f?cf%%aﬁwglrﬁﬁe{ﬁ%tbﬁ r%@%ﬁ%&@ﬁe‘)ﬁﬁ%ﬁ?f tnh\(%‘{r.‘ng"r’ﬁeﬂl'OBi'% rates. This
enbddi RaMHEYIaly adantageens iroeorpmovicales melvotks thatlreduinedtie moltnsfeonder syst em

wher ei 3 i, rate may be scaled with a sel ectable
scal i nEaeégp?yOSf{I&ﬁgﬁrBﬁEééop@%E \é\?sgén%@ c's@f'gsctfee%uﬁeo?%%§{)%ﬁ?fp%mlﬁ8mdnal bit rate.
This e ereatwak noties dcppeding nsdveral Biffeaing comhanicytiadyatdcae ruthis n

conmmunj b h reqgujre. true lti-rate apabi ity of the
trans p%ﬁ%tgb&s%lgﬁ é’%ﬁ@“r%ﬂeﬁéﬂl P %&Eéﬁﬁﬁgteord%é?"ﬁpye C%"B rﬁ‘?‘gﬁ'i °€8?5‘8 O¥bet ween
net wor kUnpodey tae sevatalngjfiedngsexwmenanicaliohfrestobgs oI miiaiigargweteocol s. 1 n

set 29 o B0Rh Bt BB e el R o B R i CemmbieBSt riem.
pr ot ocbhis errtledisnemit nf thesihvgntibatives the system controller to perform on-the-fly
alteration of the current communication protocol supported by the muiti-rate transponder
circuit. To control the operation of the receiving and transmitting parts, pin programming
or writing to a dedicated control register could be utilised.
25
Adapting the CDR circuit of the receiving part to receive the incoming data stream at a
selectable nominal bit rate is, preferably, achieved by using the previously described line
rate PLL lobp which comprises a receiver line divider circuit arranged within the line rate
PLL loop in the CDR circuit. The receiver line divider circuit provides a plurality of
30 predetermined receiver line dividends that each may correspond to a parlicular nominal
bit rate of the plurality of predetermined nominal bit rates of the incoming data stream.
The transmitting part comprises a transmitter line divider circuit that is adapted to
generate a transmitter line divider signal based on an output signal of the transmitter PLL
loop so as to generate the output clock signal based on the transmitter line divider signal.

35 By selfecting identical receiver and transmitter line dividends the receiving part is capable



20 requirements and inproving reliability of the network nodes in the j:
comuni cation system This enbodi ment of the invention allows the system
control Mepot/¢iperformon-the-fly alteration of the curreptroeogupLeati on
protocol supported by the nulti-raté<transponder circuit. To control the
operation of the receiving and transnmitting parts, pin programing or
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divider circuit arranged within the line rate L loop in the COR circuit.
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of ré@eiving the incoming data streamat a selected nominal bit rate of the
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di vi dend ref er abln)éase ec ed fromthe group consisti 1, 2, 4,

n
8, 16, fg‘é&? PrRERSIaY “PB‘”&’ B cAtes P%@‘%ﬁﬁsaﬁwﬁ% nama%e?.rﬁ@@ﬁﬁ. on the

plural i ts;erﬂbrﬁcﬁﬁiﬁbﬁibﬁlﬁdhqﬁotro@@!ec&@éedubﬁ@y Hekb RIS 1RE S22 M odinferdt R the
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predetermned nom nal bit rates equals a respect'i ve nom nal
the corresponding transport network bit rate may be independently supported for the

20 incoming as well as the outgoing data streams. The standard communication protocol
may be any existing or planned communication protocol such as SDH STM-1, SDH STM-
4, SDH STM-16, SDH STM-64, Ethernet GE 1.250 Gbit/s, etc. A multi-rate transponder
system and circuits that support e.9. SDH STM-1, SDH STM-4, SDH STM-16 must
therefore be capable of receiving and transmitting incoming and outgoing data streams at
25 nominal bit rates of 155 Mbit/s, 622 Mbit/s and 2.488 Mbit/s and also support one or

several corresponding transport network bit rates.

The wide span in bit rates of the incoming data stream that is supported by some
embodiments of the present multi-rate transponder system and circuits may require that
30 the line rate PLL of the CDR circuit has a relatively wide bandwidth to accommodate
standardised recommendations, such as ITU-T G.958 requirements, to jitter tolerance of
the CDR circuit at all the supported bit rates. As a consequence, the CDR circuit may
transfer more jitter from the incoming data stream to the transmitting part than would
normally be allowed to achieve the jitter spéciﬁcations recommended by ITU-T G.825 for

35 the overall multi-rate fransponder system. However, according to a preferred embodiment



standard communi cati on protocol. Consequently, according to this Iagt] 1y 7
enbodi nent. of the 15 invention, there may be provided a nulti-rate SN 2004
t r anspof¥?’sPst em and circuits tha}%i support recepti onPamdKXwanssi ssi on of
i ncom ng/ outgoi ng data streans at tHe nominal bit rate or at the
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and_ci behiedes ITBYT GEIpsi ey hstbndliok BRyikd §6arf B forlthby 8 FA1RoERELILEH)t has a
r omrenda

rel tDi vely wi de bandwi dth to accommbdate standardised re Ions,
sucha®@®TU- T G 958 requirenents, to jitter tolerance of the CDR circuit
at all the supported bit rates. As a consequence, the COR circuit may
transfer nore jitter fromthe incomng data streamto the transmtting part
t han wiUPracticabeerampyicaiondlatearke. the ingsiviey datahdrgaint they bepdskhtiic ahoes

r eCoNMgARg . ti-rate transponder
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recei vy . C L gnal,, provi ded he circuit and

per f or ﬁsﬂﬁear%lggtj ?rg@[n% goné:s%% [')np% g@g;g%&{s‘mé?é)ﬁcp ol ?Eﬂg tshrga r,ngggggﬂreg 1RPock

si gnal prefetieed arhtmdimestit of tfeeneation clhecroslegnialscived iy eiliiisihdg amaé elocrd to the
itter fromwhjch the output clock

ot anal e e R Py SR B Mot P BF PBiASaP et e dual
t r aP ngernteeate Blline clogk signal wikitts feecdxoitie IR chtuit ldeobita 8RtdpmuBIUARRabl e of
provi %é&eﬁ@y u('\).rHeenr f%lelincs Sl%gemattahs?rteam is absent. The CDR circuit comprises a scaling
PLL loop, arranged in parallel to the line rate PLL loop. The receiver scaling divider circuit
is arranged within this scaling PLL loop which is furthermore adapted to receive and lock
onto the line clock signal and the CDR circuit comprises loop selection means adapted to
25 select whether the line rate PLL loop or the scaling PLL loop is inserted into the CDR
circuit, thereby locking the CDR circuit to the line clock source or to the incoming data
stream. The line clock signal accordingly controls the tuning of the CDR circuit when the
incoming data stream is absent through the operation of the scaling PLL loop that is
arranged in parallel to the line rate PLL loop. During normal operation, i.e. when the
30 incoming data stream is present at a correct bit rate and level, the CDR circuit is locked
onto the incoming data stream by the operation of the line rate PLL loop that is activated
by the loop selection means. If the incoming data stream disappears, the loop selection
means may, on certain predetermined criteria, activate the scaling PLL loop which, due lo

the PLL action of the line rate PLL loop, forces the CDR circuit to staying tuned to the



achieves ITU-T G 958 jitter tolerance for a wide span of nom nal ang1 Hin
transport network bit 10 rates. In practical comrunication networks, {WeZBUf;
i ncom tream nmay be absent in shorter or |longer tinme periods due
to net\r}g?gﬁ%ﬁafts, repairs, etc. Such a zero input si gnaIPCT@Hﬁgf”PTzén to the
CDR circuit will often cause the tuning of the CODR circuit to drift away 15
fromthe optinal tuni nfg frequency, which is equal to the nomnal bit rate
of the ?W@BWK%QU%{%D SPARGRM B detratiraribh thentequapay o6 ihgnlile gleck signat is

re- est agrshrekly thRcCERCld CHbdd PRYWr €quire intolerable long time to again
acquire lock to the incomng data stream According to a preferred

enbodi nent of the invention, this problemis solved by utilising a |ine
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t he scadbisegt, Pleledpeefed isit iats beihg@qualtto otdtenikbIRit @itd 6 torrédpingly | ocki ng the
CDR1cd rtcuit rtlo t he bi ne clock source or to the incomng data stream The
i ne' ¢! 'RPER §RYIC S EE67%i ngl y controls the tuning of the CDR circuit when
the incomng data streamis absent through the operation of the scaling
PLL Ioo§ that is_ arranged in parallel to the line rate PLL | oop. During
nor mal JPER BEirereiver sealighdixideneratt aripeerd mithindha sealingdthl popieieekrd ot a

corr ectihBiihe EBLICsiBRL), tHRVighingliR@ERE 6 th€ ¢OR Lifcitas KERoIRRIR dellfy dqiEPM Ng
data stream by tﬁg operati g'r%] %?Ut he line rat 6 PLL IooE)O ﬁtéh_at t%eré}%a%:c[?%\?at ed
by t he P dofpfraqueasy iobKeniseridock sianah enyltiptiediwith tieselected seesivirsapingar s, t he

| oop 55 fiRGdddOR. o BRNS é\;@mgggﬂ_ certain predetermned criteria, activate the
scaling PLL [o0p whi cﬁ, die to the PLL action of the fine rate PLL | oop,

forces the CDR circuit to staying tuned to the - 1 JUN 2004 WO 01147173
PCT/ DK f ' ] if th
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frequency o I ne ppropria gescribed
bel ow. defieed tendreciremlerspuBeah aragurcd erayfaonprive aautppsledciletquoovdcderdirioeol | ne

e 00K, 0ty el BB L0l od PGB5GBk PEr 35801 o
bi t 40atlies clock aburmrés pfefé¢rablycuiapesigopdivide $ camspbedquency equalling a nominal
bit rate of a standard communication protocol divided by and integer number, Z, between
12 and 128. Preferably, the value of Z is made equal to one of the selectable receiver
scaling dividends, X. If the value of the selected receiver scaling dividend, X, is equal lo
the value of Z, the tuning frequency of the CDR circuit will be adjusted to a frequency that
25 is equivalent to the nominal bit rate of the incoming data stream. If the selected receiver
scaling dividend, X, on the other hand is larger or smaller than the value of Z, the tuning
frequency of the CDR circuit will be adjusted to a frequency that is a scaling ratio of X/Z
higher or lower, respectively, than the nominal bit rate of the incoming data stream.
Thereby, the required support of the receiving part of incoming data streams at both
30 nominal rates and at corresponding increased rates is provided. Accordingly, the
integrated circuit designer may provide the multi-rate transponder system with the
capability of supporting a plurality of differing transport network bit rates at each nominal
bit rate through appropriate selection of the receiver scaling dividends and the centre
frequency of the line clock source. Furthermore, since the scaling PLL loop, which
35 comprises the receiver scaling dividends, is arranged in parallel to the line rate PLL loop,
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scaling PLL | oop, which 35 conprises the“reCelver scaling vidends, is
arranéga"faﬁapar allel tothe line rate PLL | oop, WD 01/47173 17

PCT/ DKOO/ 00723 whi ch provides the plurality of predeterm ned receiver |ine
di bdc? dfﬂ’qpi nthe COR circuit, the CDR circuit may be adapted to receive
ané B‘r‘) SFIGTHAN meansi whichcentipls whather Hief limetratePlilher theseping G Laé t he

cor r esgRAEdE thd 8BRSt NREVREMpRLd 2 IdHkSetection circuit adapted to compare
frequencies of the reference clock signal and the line clock signal to generate a loop
selection signal in accordance with predetermined criteria relating to the result of the
comparison. The loop selection signal controls a multiplexer that is adapted to insert the
25 scaling PLL or the line rate PLL in CDR circuit. The predetermined criteria that determines

which PLL ioop to activate may comprise that:

if a frequency difference between the reference clock signal and the line clock signal is
larger than a predetermined threshold value, the loop selection means inserts the scaling
30 PLL loop in the CDR circuit. One the other hand, If the frequency difference is smaller
than or equal to the predetermined threshold value, the loop selection means are adapted
to lock the CDR circuit to the incoming data stream. The predetermined threshold value is
preferably selected to about 2000 ppm or more preferably about 500 ppm. Accordingly,
the loop selection means monitors the frequency of the reference clock signal, which is a

35 divided frequency of the equivalent bit rate of the incoming data stream, and compares it
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meanss i insshtesaggieatsgl i ng 30 PLL loop in the CDR circuit. One the other
hand, if the frequency difference is smaller than or equal to the
predeterm ned threshold value, the |oop selection neans are adapted to

| ock t he seB¥hdcadpedi 6f the idvBatibmepeNth Satpi-shé ?@daveTbr?chr:%ﬁF‘éc%r rd%?#

threshold value is preferably selected to about 20 pm or
pr ef er dBFYMRBSEIalTt= shReM AESRRAVRGNY 2 daﬁ%‘égﬂﬁcﬁmds@@@ﬂgfm oferiscamingt or s

t he fregas@nema@.irezan,emeerfe%é.e@.ccﬁmﬁh%Jﬁpﬁg.g al, which is a 35 divided
freg ency of the equivalent bit rate of The inconing data stream and

co es it - 1 JUN 2004 WD 01/47173 PCT/ DKOO/ 00723 18
a Clock and Data Recovery (CDR) circuit adapted to receive the incoming serial data

stream at one of at least two predetermined nominal bit rates or at one of at least two

corresponding transport network bit rates,

25 the CDR circuit being adapted to derive a clock signal and a data signal from the incoming
serial data stream,

a data transfer circuit adapted to generate an incoming data signal based on the derived
data signal on one or several externaily accessible data transfer channels,

30
and a clock transfer circuit adapted to generate a receiver clock signal on an externally

accessible receiver clock line,



to the frequency of the line clock signal which is generated by a st~a1bl e\é 0l
l'ine cl“o(gE], yrce. |f these frequencies differ with an anount |arger tHH W
the threshol'd val ue, the incoming data streamcan be c&fIHENEI™P0st and
the CDR circuit should, accordingly, be controlled by the scaling PPL

whi ch ttﬁ@%% the,dCDR circuit to the frequency that is equivalent to the 5
expect ed” bt PFRIEDF M7 3R &5 veg Cliattdostecaatian gldeesrdinagataosteeamrester r ed
enbodi ntemtor ofore heminav entied or & tRRINOS oPALE - ' | . the

mul ti - rra¥eS transponder systemi s -provi dede ggnrrét%?g@%?g{algggﬁ g%it%é)ﬁ{%'ﬁi ts. The
circui tPy of the receivi ng part is substantially conprised on a first
integrated circuit, and the circuitry of 10 the transmtting part is

substSanti aI[{.ré conprised on a second integrated circuit. The system
cont rol 1P 9 18 ¥ elsRiadAmBpdimapial radinventient hastdoiApelat easi o Speci fi ¢

| nt egr giredbt&aniicdd - ; til |V ar nd, t h ragnsmtting
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howeverPccpdiag te g seplingsratial s thrbbl ens bet ween those circuit bl ocks, such as
PLLs and VCGs, that have to be operating at different clock frequencies 15
in some applications. A second aspect of the invention relates to a

mul ti - V@PEPqrbraiveesrbibiatemiM/N)dransoaibitirag; arwhdreéigorm ng serial data stream
and qpecovering a data signal and clock signal of the incomng serial data
stream the receiver circuit conprising: 20 a Cock and Data Recovery (CDR)
ci r cui {MAYdpthedscaing mtiej ve theN baiagmosigves Ritégdr ndatbars sid gaNat one of at

| east two predeterm ned nomnal bit rates or at one of at |east two
correspondi ng transport network bit rates, 25 the CDR circuit being adapted

to deriThe ﬂmltétm#ewiv?nmfc@ndaﬁbéiﬁfjo&id‘éﬂé&laai siiﬁ@l@@éﬁ@albrﬁl@fﬁ@d?&ed%ﬁgﬁiﬁl dat a |
strea transfer circuit adapted to generate an incom ng data signa
basedn](g?] %ggﬁg'rn? '%'HOF%WE%%{GH&VC‘B EHRNEP SEYeE grteEd é&’%qt?'%q@ccessi bl e
dat 45t Abershiivel franmeltisrated@caier @rcalt atdy b paker aq;!ar@euinteg%i@mcﬁ@nri{ fapenerate
accessible receiver ¢l ock | i

a recepyer_clock signgl on an externally ¢ , ver . i ne,
WO 01/ é\}?%%egf@‘eﬁéﬁ‘%%g%‘ﬁ?@?ﬁ YRR LR IA Mith@tantrans roitter eifcwit deseribesy
circuibelber reception of incomng data streans at two or nore nomnal bit
rates or at the two or nore corresponding transport network bit

A third aspect of the invention relates to a mutti-rate transmitter circuit for transmitting an
20 outgoing serial data stream based on an outgoing data signal, the receiver circuit
comprising:

a transmitter Phase Locked Loop (PLL) adapted to receive and lock onto a reference
clock signal and to generate an output clock signal based on the reference clock signal,
25

a transmitter clock circuit adapted to generate the transmitter clock signal to a system
data transfer means,

a data reception circuit adapted to receive the outgoing data signal from the system data
30 transfer means and to generate the serial outgoing data stream at one of at least two

predetermined nominal bit rates or at one of at least two corresponding transport network
bit rates,

the serial outgoing data stream being based on the outgoing data signal and the output
35 clock signal.



rates. 5 According to a preferred enbodi nent of the invention, each ?f 'N%]
at least two predetermned nomnal bit rates is related to its Rl |
corresp i ransport network bit rate according to a scaling ratio, so
t hat : t??r?sfgg]r-ltg network bit rate = (4 N) ' noninal bit raEfcéT;’DW\[g?Dé% 10
(MN) is the scaling ratio; M N being positive integer nunbers and M > N.
- 1 JUN 2004 The nulti-rate receiver circuit may be provided as a single
stand-al one integrated circuit or as a conbination of an integrated

circuit Rmttramg eaihsewer &llegstttebpaddablitiHed nBheGKSit ratds A fhdiatd el y, the
multi-rate recejver circuit may formpart of a larger integrated circuit

that al’CoSPRREGIRYFEPITIGHPERY 1B3br 21oRdiBe tnajserlingdptio.dfo hatkul ti -rat e
transmitter circuit described below A third aspect of the invention
relates to a nmulti-rate transmtter circuit for transmtting an 20

out goi°nd"EErrhneMRriabis fate Tl e aoBINA Rit sategoiwhgreiat a si gnal, the recei ver
circuit conprising: a transmtter Phase Locked Loop (PLL) adapted to
receive and | ock onto a reference clock signal and to generate an out put
cl ock siltfdlis isecplionrative r ef ¥y Bhering bowkvesintagar pudbers ancaMsniNt t er ¢l ock
circuit adapted to generate the transmtter clock signal to a system data
transfer neans, a data reception circuit adapted to receive the outgoing
dat a si daprdingdma prefesiesitesnbatbmant Gfahe iraesfiey, the&nssnaittdr tiecueneimaites hhe
seri gy QupRiNg data streamat one of at least two predetern ned nom nal
bit rates or at orie of at |east two corresponding transport network bit
rates, the serial outgoing data stream bei ng based on the outgoi ng data

si gnal Q 3 | ock signal. - 1 JUN 2004 WD Q1/47173
o ool B 15 R SR B aRe 0 Ang rckchly Redelrepsasiertcgripatd
nomi nal gei¢ratead Bt irsngreittat PUL s@niat, She HiRE rBSHAINE} POL h5HAAS BAHZroRabyer k bi t

rate accordi. to,a scaling ratio o that. 5 transport network bit rate =
(M N) *%ﬁg?dﬁlargr BB?? s[eg?%c,l Uaﬂ\%?'&?ﬁpL adapted to lock onto lFf)]e first transmitter PLL

15 signal and to generate the output clock signal based on the first transmitter PLL signal,

the second transmitter PLL having a wide loop bandwidth.

In a practical multi-rate transponder chip set operating in a communication system, the
incoming data stream will contain some amount of jitter. The transfer of jitter from a

20 receiving circuit or part to the transmitter circuit or part should to the extent possible be
suppressed to minimise jitter content in the outgoing data stream. According to this
emboediment of the invention, this has been achieved by first suppressing transfer of jitter
in the reference clock signal that has been derived from a jitter infected incoming serial
data stream by the narrow bandwidth of the first transmitter PLL, and then subsequently

25 suppress jitter generation within the second PLL by designing the loop with a wide

bandwidth so as to provide a low jitter outgoing serial data stream.

BRIEF DESCRIPTION OF THE DRAWINGS

30
A preferred embodiment of a multi-rate transponder system and a multi-rate transponder
chip set according to the invention are described in the foliowing with reference to the

drawings, wherein



(MN) is the scaling ratio; M N being positive integer numbers and _M TU'VNIU[M
Accordiwrtgmtlﬂ 8 preferred enbodi nent of the invention, the transmtter ‘
circuit corrpH ses at 10 least two P2 Ls, a first transmrdrerkddsh7-adapted to
receive and |lock onto the reference“clock signal and generate a first
transmtter PLL signal, the first transmtter PLL having a narrow | oop
bandwi dt - Tdha bipcsstiamamtifieting eevimpliiiedadalptree tmsb@edérgﬁgt@mtg@gorfdwgst
transm td gk iffldrtid® Signal and to generate the output clock signal based on
the first transmtter PLL signal, the second transmtter PLL having a w de
| oop bandwi dth. In a practical multi-rate transponder chip set operating in

a commupjcatd 9n; j ' data streamw || contain sone anount
of ji tterg? T_Elhﬁgkﬁﬁé??ﬁ%%%@ﬂ@%%@ﬁq geﬁﬁr’:r“ét e Rjaersfemed or part to
t he tPaR@RPEiment ef 2cintegratedperdivesuoig of d @ctiereXieRieRIFSsdaBcMing 1o

suppr esﬁ%ane‘?uiﬁh nimse jitter content in the outgoing data stream
According to thi's enbodinment of the invention, this has been achi eved by
first suppressing transfer of jitter in the reference clock signal that
has beegi dgl,rsiavgldcfrom a j.]c téer infected incomng serial data stream by the
narrow Findvi UP RS FIABFREN fiusLEting KeysSiickt Blocks pf 2 arferrerbembedimenueanl y 25
suppr esistegrate@tragenietenthipf wirbdtiverithRs SRR Rk apyor&ﬁg%&me% L&, | oop with
a w bandwi dth so as to provide a low jitter outgolng seri al - gxt a
stream BRI EF DESCRI PTI ON OF THE DRAW NGS 30 A preferred enbodi nent of a

mul ti - rRECAILEBNSPODRAPTISNSDEM PREFE [ sponder chip set
according to the invention are descﬁ%ge%trﬁn&%[ﬁlyéﬁl owng with reference to

the dr avvi ngs, vv_her ein 1 JUN 2004 WO 01/ 47373 21 PCT/ DKO0100723 Fig. 1 is
Cecorarngreterne | RS AR B Bl
i |1 ust rlgla??f@bﬁté?néidiﬁéu'f-“t&‘:dtiﬂ@c@@er(ﬂ?ta”- ﬁ'mefpeese&ql dbs@iptionl s oA ardbvedst
the nont, ohoR Y 8 a g d o e i o ¥ S ek pRgk Regaet oui t bl ocks of
a pref SMFBEMABOREseatr! cotuihblocks ireddingeal CDRAbIEGUIL b 6Fst GhEm@Er ALL
recei Velrtdif, aneibid §5nGhikB, BEL SO rd%o%g c}rguittshgtcil gltear;}z idigtr}fbuted over two

ASICs that implement a multi-rate transponder chip set that supports reception and

transmission of serial data streams according to the communications protocols SDH STM-

20 1, STM-4, STM-16 and Ethernet GE 1.250 Gbit/s as well as several corresponding
transport network bit rates or increased bit rates for each of those standard

communication protocols .

The skilled person will realise that the iliustrated partitioning of the individual circuit blocks
25 between that receiver chip and the transmitter chip i1s not limiting for the scope of the
present invention. Different partitioning of individual circuit blocks between the transmitter
and receiver chip may be advantageous in some applications. depending on practical
criteria, such as pin count, die area, signal coupling between circuit blocks over a
tommon substrate connection and/or common power nets etc. Corresponding features of
30 circuits and circuit blocks that are illustrated in more than one drawing have been given

the same reference numbers.

Many data/clock signal lines and input/output terminals of the illustrated circuit blocks
and/or chips are illustrated as carrying single ended signals for convenience and to

35 simplify the drawings. However, the present embodiment of the integrated circuit utilises a




10 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT I n the follow ng, _ & 1% 2004

speci fic enbodi nent of an integrated chip set according to the inventi‘o‘H

is desq&(%)Pﬁ% %,nd di scussed in greater detail. The present description shows

an overa 3’%ircuit topology of a Jeceiver chip set i "PERENOGPMIF a

sinplified block diagram Furthernore, essential circuit blocks, including

a CORcircuit, a first transmtter PLL circuit, a second transmtter PLL
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be advartl)t ﬁl_%eous in sone a}g(g(l i cations. depending on practical criteria,
such as "BMTROFHPUS GRS i gnal coupl i ng between circuit blocks over a
comon substrate connection and/ or comon power nets etc. Correspondi ng

featL{re of 30. circuits and circuit blocks that are illustrated in nore
t han '9né °GURRRH YN enERkired Bighwipged opeRtion ahibe msewant iudi-ralatyensporden ghip
dat a/ cl getkarsd gR&m | Ib&e [ i t ] [ .
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S L i SRAL T B el b gl 3 B OeRE 0,
i nt er connaidi othgr Eomenebaaiyesiailibie or piopAttaty BICMES Rbidde Peasaat caiiawengs in
t_he preﬁﬁ%tsg%’ar ggi marngl. of itoklle t; rr11ve ti %n Z re[\present tvvo_t?erm' rTaI S or two
si gnal T 16s, DePV PE RPN RIS EIYY WEB foglten §F 3esbed- 7v& % ons of the
same signal. The fully differential signal processing has several
23\63{]} ﬁg\etﬁé sfrr(wa;lalf?ltelci %gock%iégqgr%oo\f IF?gg1 .ntgfla isn%o%?rjmgeggtlaosrl]reg%datn; l?nlen?a?el ch]rgnclnrr?iE'nglr nal
20 bitrate, K, is received by a receiving chip 100 of a multi-rate transponder chip set (100
and 300) over line input 10 and provided 1o a CDR circuit 20 which is adapted to derive a
clock signal 40 on a clock line and a serial data signal 30 on a data line. The data signai
30 is transferred to a data transfer circuit 60 that also comprises a de-multiplexer circuit
which splits the data signal 30 inlo a P- channel data signal, preferably comprising 16 or
25 32 channels, each channel operating at a lower bit rate than the line rate K, preferably at
bit rate of K/P, to generate a multi-channel incoming data signal. The muiti-channel
incoming data signal is transferred to a system controller 200 over a P-channel data bus
90 to data receiving means (not shown) in the system controller 200. The transfer of data
of each P-channel data word over the P-channel data bus 90 is controlled by a receiver
30 clock signal on a receiver clock line 85. This receiver clock signal has been derived by
dividing the derived clock signal 40 provided by the CDR circuit 20 by integer value P in a
clock transfer circuit (not shown). Accordingly, if the bit rate of the incoming data stream is

K bit/s, the clock frequency of the receiver clock signal is K/P Hertz.



bet ween various circuit blocks. 10 To support the required high- speeq ,.. 00
operation of the present nmulti-rate transponder chip set and system IQ:
gates OfPHE!Bhip set are preferably inplenented as CM PCogiknowsizag

bi pol ar transistors. The preferred Pocess is a 0.4 m Bipolar process
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controll ed by a receiver naI gi've

recei vetitf YPecKvidenital has been derived by d| VI d| ng the derived cl ock
signgd 40 provided by the COR circuit 20 by integer value P in a clock
transfer circuit (not shown). Accordingly, if the bit rate of the incom ng
dat a stlP &mirarsmikingipaHs300; e refeserdcd dledusgry 70fis applied acairaferenck aflat si gnal

i's K PisehibA-of / DKQO/ 00723 3 The derived cl ock
si gnal 40 8r Svide %1 E%@QWEE%%éﬁZ% 5285@*‘51“38’ M cla ransmifterkly e

scal i ndPan hpdeiso chmeUses 50ammuedvcm§aﬂ) heaneiniitk ssalpg alividdd diyuie3z@cei ver
o genay aee5oBeg ke BLELERIRK: oSl BhidEnPaT: paRER et fvmess
t r afSmiftten 3P sshiigg @m)orosfeve@hmalctoinst:a&ts@oftth@l@ponder chip 5 set (100, 300)
over a reference clock line. The actual value of X may be selected froma

group of predeterm ned receiver scaling dividends by programmng |ogic
| evel s Dy totfee BLL feed-back in the transmitter PLL loop, an output clock signal 335 which is

synchronous with respect to the applied reference clock signal on the reference input
terminal of the PFD 330, and having a frequency that is multiplied with the value of Y with
25 respect to the same, is generated on an output clock line 335. By appropriate selection of
receiver and transmitter scaling dividends X and Y, respeclively, in the receiving chip 100
and transmitting chip 300, respectively, the bit rate of the serial oulgeing data stream
provided on data line 350 can be controlled as being a scaling ratio, Y/X, times the line
rate, K, of the incoming data stream. The value of each of the scaling dividends Y and X is
30 preferably independently selectable by respective associated pin sets (not shown). A
second transmitter PLL (not shown) is preferably also included on the transmitter part
300, but has been left out of Fig. 1 for clarity. This second transmitter PLL is described in

connection with Fig. 3 which is a more detailed block diagram of the transmitter chip 300.



several externally accessible pins (not shown) of the receiver chip L@S,,
This allows the systemcontroller 200 to control the actual setting v W@I‘
recei ver, scaling dividend, X. The value of X is preferably selected to be
in the VEM4E9f 12 to 128, such as a group of values 10 FRAPKHUdes 56,
60, 62 and 64. These values of X proVide a practical frequency range for
the reference clock signal 70, even where the derived clock signal 40
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30 preferably independently selec espective associate

(not shod¥#y strgamésecond transmitter PLL (not shown) is preferably al so
incluged on the transmtter part 300, but has been left out of Fig. 1 for
clarity. This second transmtter PLL is described in connection with Fig.
3 whi ch K3 Y&X.vorase Hos dhve bitlrdie otthednemgmiagdafa streant, rt!amsahwéner clocbsignsl. - 1

JUN 20043d§@? g %;E&%e gﬁ%ggl QRZ%?; %ék ﬁgﬁ'%%l rgg e_:d val ues of the
scal ing divi e t cerver seall g d |rc rt 50 and
several pr edet erm ned val ues of the scaling divi dend Yin the transmtter
ol L9 b 85 i o T DAL AP B Y bl S R T
rate \&lli’cm)mhnmra!aﬂmﬂoqm atraedley VCO 415, a receiver scaling divider circuit 420 which
provides receiver line dividends 1, 2, 4, 16 lo provide a divided VCO signal to.ﬁa_‘firs! inp—u‘tm )
terminal of a Bang-Bang phase detector 405. The value of the receiver line dividend, X, is
selectable by controlling logic levels of external pins, RSEL1..2. An output signal of Bang-
Bang phase detector 405 is provided to a multiplexer 435 over (differential) signal fines
25 406 and transferred to a tri-state charge pump 440 which, by the use of internal current
sources, Is responsible for charging a loop filter capacitor {not shown) connected to
terminal OUCHP. The loop filter capacitor, and opticnally a series resistor, sets one or
several time constant of the line rate PLL loop to control its bandwidth and also of a
parallelly arranged scaling PLL loop described below. A controf voltage developed across
30 the loop filter capacitor is applied to an input terminal, VCTL, of the VCO 415, thereby

closing the loop of the line rate PLL.

A Limiting input Amplifier 400 interfaces to differential input terminals DI and DIN to
receive the incoming data stream and applies an amplified signal to a second terminal of

35 the Bang-Bang phase detector 405. The data bits of the incoming data stream are



5 the outgoing data streamw || be transmtted at a transport netvvo_rF @i\‘ltlﬂ[]&
rate if the values of X and Y are appropriately selected. The requi

over he®d #&¥3may be generated and inserted into the owrgaim@ogata signal
on an R-channel data bus 220 by the? éystem controller 200. The control of
transfer of the R-channel outgoing data signal on data bus 220 is provided

by a trakevid bethaPDCkciingiiahe BEODraPCh, thora8des akaedYad ddransiter cl ock
10 CIrCltl within a data reception circult 340 of
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whi ch provides receiver Ilne d|V|dends 1, 2, 4, 16 to provi de a divided

VCO si ghgd b an ph detect or 405.
The val ue (():PR[ reaculﬁteazgeold\/er %’?%é% R’,‘?}g%h[a'“ tﬁe? 5'9 S%F ‘f’ﬁ%ﬁi BYaRESHR ol 1 ng
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si gnal rcﬁgéqggéﬁg%déd ok telf TEY g ti? Rjrqeééﬂ glt"ép%rﬁﬁ?'dgg%'ﬂ? gvigernhi ch,

by the ¢issil@R0j otgemeedte emeﬂemﬁce cmurse_:,am?ﬂ ﬁhfcﬁﬁ@@ﬂﬁlableeorf fbaghprging a | oop
filter @ﬂ;&g tIB not srpo conn g_ccﬁ}g é? termna] OUCHP. The loop filter
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const anforvedrded e lll"ﬂeﬁ&anlsmﬁtfér Bhip 30005[&0%& g, F:SJ{orlth::@&l}dY\hédFé?er@HQe @i[mﬁ? of a
para descri bed bel ow. A control t ag

R oottt 2P AL AYS G i 1h d1 oek e s A A & Hesbgirmaesl A45 ara Phase-

t er m nafreqisity, D&éctbmmﬂﬂéiewbgﬁrf%@tlocﬁ|s§§ﬂa‘ﬂ9n tark%cbﬂpférﬂfnaf b lipge rate
PLL. A L| mtlkg;?ﬂﬁansmrteée I ifier 400 interfaces to differential | nput

t er ni nal'§ 49¢ PlecRangerted 8Y ArvlotR sicdibeennecteddmterminaimBCKas an

arpl i f i & 6CYMAnl @rRngaLOMn ber fitRRsmAler BRLL SRPHRRase detector
405. Tt]__e dat a %lts of _the incom ng data streal?n@par&‘(?:’ﬂ‘igbr ? %04 WO 01/ 47173
p C 25 requency bDetector 330 of Fig. 3) arranged on the transmitter chip 300 and provided on

20 terminals CKREFA and CKREFAN of the receiver chip through a multiplexer 411,

The VCXO circuit generates a line clock signal with a frequency that equals a nominal bit
rate of a target communication protocol divided by an integer number. In the present
embodiment of the invention, the nominal bit rate of the target communicalion protocot is

25 the 2.488 Gbit/s rate of STM-16. The integer number preferably equals one of the receiver
scaling dividends, X, and is selected to 62 in the present embodiment of the invention,
since the group of receiver scaling dividends comprises values (56, 60, 62, 64} as
previously mentioned. Accordingly, the centre frequency of the VCXO circuit should be
selected to 40.129 MHz (2.488 GHz/62) and the frequency multiplication provided by the

30 scaling PLL due to the selectable receiver line dividends in circuit 410 makes it possible to
control the tuning frequency of the CDR circuit to the 2.488 Gbit/s nominal bit rate or a
higher or lower bit rate. The value of the receiver scaling dividend is selectable by

controlling logic levels of external pins, MSEL1..2.
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a derived data signal on data line 30 and the derived clock signal ‘
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Fig. 1)., The referen is also provided to a
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2001 reference clock signal which causes an effective suppression of jitter in the incoming data

stream that otherwise would have been passed to the outgoing data stream.

25 In the present embodiment of the receiver chip, the bandwidth of the line rate PLL is
adjusted to being larger than at least 1 MHz, preferably larger than 1.5 or 2.0 MHz to
accommodate the ITU-T G.958 requirements with respect to minimum jitter tolerance at

all the supported nominal and transport network bit rates.

30 Fig. 3 shows in more detail the transmitter integrated circuit 300 of Fig. 1. An outgoing
data signal is applied on a 16 channe! data bus to 16 corresponding pairs of differential
terminals 220 from the systern data transfer means of the system conlroller. The 16
outgoing data channels are connected to a 16:1 muitiplexer 500 and assembled into a
serial data stream at a bit rate that is equal to 16 times the bit rate of each data signal

35 channel. The multiplexer 500 is clocked by an output clock signal provided on line 335 by



WO 01/ 47173 PCT/ DKOO/ 00723 26 An output signal of the Phase-Frequency i
Detector 430 is provided to a nultiplexer 435 connected to the charge punp
440. THE WMIT¥Ppl exer 435 is al so connected to the out puPCT/®Kgmed:23106 of the
Bang- Bang Phase detector 405 and t e scal i ng PLL | oop is, accordingly,

cl osed around the same circuits as the line rate PLL Ioop, charge punp 440,
the | ooplrandmidier Brecdipidei ¢iouit &1 vitheh WEBoAtGnedibe tomeh biplexghal43s control s,

by a st det ec cui t 425, which | oop of
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I owpgsgafdlilierbfyg of the reference clock signal which causes an effective
suppression of Jitter in the incomng data streamthat otherw se would
have been passed to the outgoing data stream 25 In the present enbodi nent
of the receiver chip, the bandw dth of the line rate PLL is adjusted to
being larger than at least 1 MHz, preferably larger than 1.5 or 2.0 MHz to
accomopdate the ITUT G 956 requirenents with respect to mnimumijitter
tolerance at all the supported nom nal and transport network bit rates. 30
Fig. 3 shows in nore detail the transmtter integrated circuit 300 of Fig.
1. An outgoing data signal is applied on a 16 channel data bus to 16
corresponding pairs of differential termnals 220 fromthe system data
transfer neans of the systemcontroller. The 16 outgoing data channels are
connected to a 16:1 nultiplexer 500 and assenbled into a



serial data streamat a bit rate that is equal to 16 tinmes the bit rat ‘N%UL
each data signal 35 channel. The nultiplexer 500 is clocked by an output

cl ock signal provided on |line 335 by - 1 JUN 2004 WO 01/47173

PCT/ DKOQ 00723 27 a transmitter line divider circuit 510 which is al so
connected to an output signal of a cond transmtter PLL conprising VCO
310. The output clock signal is also grovi ded on external differential
termnals CKO and CKNO. 5 The reference clock signal fromthe receiver
integratevg circuit is transferred to the transmtter integrated circuit on
term nal s ¢kis SHECERI N and provided to a reference input 501 of a first
Phase Frequency Detector (PFD) and associ ated charge punp 330. This

circuit block 330 fornms part of a first transmtter .PLJ_a{that conprises an

external lcapac} PBI-rate SARPERErSEEMAAr ERTHS 21 Breripgferighdeasieanaiye punp on

external iafdnfitinglan YeegEgRRal daaidstrddn ithe BRANREE irdthpbileAsyk@@RoipiEng ONst ant
capacitor (or capacitor and resistor) providing a control voltage to a
VCXO circuit EAteVadRf) 2 SYTRE coetselepdertepEeitiEPite ¢l ock signal with a

frequency substaatdiahd parioppAsifd-onal to the applied control voltage. The
line clock signal is applied to external differential termnals XCKl and

XCKIN and provi ded a(gog ang HataRsroveiGPRugircyt adapiedity reggivethe dsomngquency

Det ect or sl Rhta sthm 986minRGid 12 Ry A2 bR pdndidd BdnspokhelwARBi 4d B PLL. 28
What is claimed 1s: 1. Anmulti-rate transponder systemfor receiving an

i ncom ng @& pigduitdeing adapied dndleaivela cloplarigns idiaigtagiena fragothagcaamgasriaiat a
stream tfe .t hnd at € transponder systemconprising: a receiving part, a
systemcontroll ér and a transnmitting part; the receiving part conprising: a
C ock and Data RecavderyfageiR)cireiit edapted toopeperald ap inceaing idete sighad based e ng

serial daffi.stifam sﬁéna,aoé%%ﬂ_ sl éhg&j%i,%n@r at a corresponding transport
e

network bit rate, t circuit being adapted to derive a clock signal
and a data signal farchiek traesférgirert adgptedioiganeratelaregeiserclogksigealan & dat a
transfer gge[vgpglgckqu.g’patngd to generate an incom ng data signal based on the
derived data si gnal on a data transfer channel, and a clock transfer
circuit adapted to ageferenest dock cireuibiduried ©lgorskate  ipferknco plogk signak &irther ¢l ock
line, anqransmitting part based on the derived clock signal,
the system controller comprising:
system data receiving means, system data transfer means, system data
processing means and a slide-buffer,
the system data receiving means being adapted to receive the incoming data
signal from the data transfer channel and the receiver clock signal from the receiver clock line
and to provide the incoming data signal to the slide-buffer for clock domain transfer, and
the system data processing means being adapted to process the incoming data
signal in the slide-buffer by performing at least one of inserting data bits into the incoming
data signal, extracting data bits from the incoming data signal, and monitoring data bits in the
incoming data signal, to generate an outgoing data signal to the system data transfer means on
the data transfer channel, and
the system data transfer means being adapted to provide the outgoing data
signal to the transmitting part in response to a transmitter clock signal provided on a
transmitter clock line,
the transmitting part comprising:
a transmitter Phase Locked Loop (PLL) adapted to receive and lock onto the
reference clock signal and to.generate an output clock signal based on the reference clock

signal,



a reference clock circuit adapted to generate a reference clock signal for
the transmtting part based on the derived clock signal, the systeﬁﬂ JUN 2004
controller conprising: systemdata receiving neans, systemdata transfer
means, system.data processing neans and a slide-buffer, the system data
recei ving neans being adapted to recgjve the incomng data signal fromthe
data transfer channel and the receiver clock signal fromthe receiver clock
line and to provide the incom ng data signal to the slide-buffer for clock
domain transfer, and_the system dat [ pcessi ans .bei adapted to

o ocess the-i ncor g uarse g L ReRrES T RACuTFALRiES b Hefilng ot

| east oneheadystem slet: trianderdadans, bi ts into the incom ng data signal, extracting
data bits fromthe ipcom ng data sjgnal, and ni tori data. bits in the
ncoming data si gndideatE Rl LRt R el BRSPS sy ot em

dat a ]E r angdei dd‘tﬁ&mfe@ ﬂ]gaﬁshﬁ((ij thadeferhte &R SEre4l ﬁﬁﬂgaﬁ@&itg steea at ihe nSn_ﬁﬁﬁlEﬂln dat ah
transfer means being adapted to provjde the outgoin ta signal to the
tranar | (RBQ B4R ULB e TRk hetn o Erors &R Rui ded on a

t ransni t tigdomgleKalldata Strednt) Basedl aMtB0LdIAGY dNREiEnC HTMRE Sithd clodk Sigmmsmi tt er
Phase Locked Loop (PLL) adapted to receive and |lock onto the reference

cl ock signal and to.generate an output clock signal based on the reference
clock siognal ,A Rfltidratefi@nspohdet §stefl REdediah foldkit 126ARER thdtRingRMer @ke t he
transmtter clock signal to the systemdata transfer neans, a data

recept i orfo®PHEHtIeast9tfddst o recei ve the outgoing data signal fromthe
system dat a t rgp§it@hsnifRa TS LaashiE o 9RERE AEIIGUSHE tddreRU L ROk AfhaliRda Stream
at the nomnal bit rate or at the correspondi ng transport network bit rate
i ndepend&anarate pfirst ranspitier Pht. sigenl, theyirst tragemiteni-Lskavingla nggew laopr eam  based on
the out gqLnevidetsaqdsi gnal and the output clock signal. 2. Amlti-rate

t ransponder sysien1accopdin% toclaiml, wherein the transmtter part
conprises at lasaeond tragsmtter §LL gdaptedde lock ants thetfirg trapmities Phbisigakagd fecei ve and
| ock_ont Qehdifie 1ELHAIRKEI I AR Re BAGanGERGTERLS Ral e Shoohd ansmi tter PLL
signal, the first fransnlpter PLL having a narrow |'oop bandw dth, and a
second t repgmitertFaL IRying asadstleep kagdwiddk onto the first transmitter PLL
signal and to

thereby suppressing transfer of jitter from the incoming serial data stream in the
multi-rate transponder system by the first transmitter PLL and suppressing jitter generation

within the multi-rate fransponder system by the second transmitter PLL.

3. A multi-rate transponder system according to claim 2, wherein the first transmitter
PLL comprises a VCXO circuit operating as a voltage controlled oscillator within the first

transmitter PLL.

4, A multi-rate transponder system according to claim 2, wherein the narrow loop

bandwidth of the first transmitter PLL is a loop bandwidth less than 130 kHz.

5. A multi-rate transponder system according to claim 2, wherein the narrow loop

bandwidth of the first transmitter PLL is a loop bandwidth less than 30 kHz.

6. A multi-rate transponder system according to claim 2, wherein the wide loop

bandwidth of the second transmitter PLL is a loop bandwidth larger than 200 kHz.

7. A multi-rate transponder system according to claim 1, wherein the wide loop

bandwidth of the second transmitter PLL is a loop bandwidth larger than 1 MHz.



generate the output clock signal based on the first transmtter PLL_ iﬂﬂaﬂ{]m
the second transmtter PLL having a wi de | oop bandw dth, thereby !
suppressing transfer of jitter fromthe incomng serial data streamin the
multi-rate transponder systemby the first transmtter PLL and suppressing
jitter generation wthin the nmulti- pre transponder system by the second
transmtter PLL. 3. Anmulti-rate transponder system according to claim 2,
wherein the first transmtter PLL conprises a VCXO circuit operating as a
vol t age cgontrol I eg. Osffi | | at%r wthin h.he filr.st m;]r ans,m tterl LL. 4. A

mul ti-rate trahSPOTaE RaPEPERPEERGIERGE 1% s BTN R PRESHAr r ow | oop
bandwi dt helaxtd tohtRe édrfesfontling ranEpbrt Bdtwbik bitirste acchbity tbasdiihgiako|sesigt t han 130
kHz. 5. A multi-rate transponder system according to claim2, wherein the
narrow | oop bandwidth of the first transmtter PLL is a | oop bandw dth

| ess than 30 kfagspof nervorRibit dateF-eM1aN)tHoaisHD BiR 8 wh¥ieinem accordi ng to claim 2,
wherein the wide | oop bandw dth of the second transmtter PLL is a | oop
bandw dth larger than 200 kHz. 7. A nulti-rate transponder system accordi ng
to cl ai mM/N WhRIEdlig i, M N%einggasiti@aﬁt@%&d&rhbe@‘, atdy@>Recond transmtter PLL
is a loop bandwidth larger than 1 MHz. 30 8. A nulti-rate transponder
system according to claiml1l, wherein the nomnal bit rate is related to
the corr @spondi AgitithRRaRPEEdeN LAY dcdtiiihg [AUAMBC HREEIL M=N-O, andSG&l I Ng rati o,
so that transport network bit rate=(MN)*nom nal bit rate; wherein MN is
t he scal isplgctedairom thepgroug of iteggrs sersistipg ef: {33 dlgdé: ldulPers, and MSN. 9. A
multi-rate transponder system according to claim8, wherein MeEN+ 1, and N
is selected fromthe group of integers consisting of: (32, 31, 16, 15,
14) . 10. A nulA multizets tapgpaedss pigtem asgardiagiodainrldivheiein thedragsmittng pafier ei n t he
transm t g, R0 -RAE bombitted DRUNPEr CRORY dasfisd @ rdluht hiPbRaShe HhltiGHidne APt €d to
recei ve an outgoing nulti-channel data signal representing the outgoing
dat a si grtgnalfrepsesenting theaganediatagignaliros te syfieandata yanafer mednsithd exer circuit
bei ng adaphGdedePciltGRBhiRk fidpRE (S &hbdle IREAAIRGME WA STdaRARRRSRE ON the
outgoi ng nul'ti-channel data signal and the outpuat clock signal. 11. A

mul ti - r atogtgping megoehsenel dgta signgl ardtbe etpyy clogk gigral.m 1, wherein the CDR circuit
of the receiving part conprises: a receiver scaling divider circuit
adapted to receive the derived clock signal of the incomng serial data
st ream and- t o Apmuliicrete trapspondef estspascariling ko daigrawhdrein the{eDR eiaguatiof thei ng part
by di vi dirEbQ‘vﬁr@epaﬂ%&inifr‘?st:C| ock signal with a sel ectable receiver scaling

di vi dend,” X,

a receiver scaling divider circuit adapted to receive the derived clock signal of the
incoming serial data stream and to produce the reference clock signal for the transmitting part
by dividing the derived clock signal with a selectable receiver scaling dividend, X,

the receiver scaling divider circuit comprising a first group of selectable receiver
scaling dividends, each value of X being associated with a particular scaling ratio,

a transmitter scaling divider circuit arranged within the transmitter PLL and adapted
to divide a PLL signal with a selectable transmitter scaling dividend, Y,

the transmitter scaling divider circuit comprising a second group of selectable scaling
dividends, each value of Y being associated with a particular scaling ratio,

X, Y being independently selectable positive integer numbers.

12. A multi-rate transponder system according to claim 11, wherein the multi-rate
transponder system comprises a line clock source adapted to generate a line clock signal, and
wherein the CDR circuit of the receiving part furthermore comprises:

a scaling PLL loop, arranged in parallel to the line rate PLL loop, and comprising the
receiver scaling divider circuit arranged within the scaling PLL loop, the scaling PLL loop

- being adapted to receive and lock onto the line clock signal,



the receiver scaling divider circuit conprising a first group of seI%c}@QMﬁ
recei ver scaling dividends, each value of X being associated with a' 2
particular scaling ratio, a transmtter scaling divider circuit arranged
within the transmtter PLL and adapted to divide a PLL signal with a
selectable transmtter scaling dividgnd, Y, the transmtter scaling divider
circuit conprising a second group of selectable scaling dividends, each
val ue of Y being associated with a particular scaling ratio X, Y being

i ndependent |y sel ectabl e posjt e at e

t r ansponder sméﬁl\e%{togd?eﬂﬁ%ad{ ISXEOISSP ‘%Tthev\ﬁ'g?' et Ihatet"r;%‘é“ 20 £ fr)mtlh Cta[1
tranSp0n¢QLl&xﬁteﬁhﬁﬁnmbM&ﬂSDmckmn@ﬂekbﬁkm&ﬁyﬂmélndaﬂmedamehgedeﬂate a line
cl ock signal, 31 wher ei n t%F CDR circuit of the receiving part

further Wﬁ“ﬁﬁﬁ% ednroming serig)data sirgsn}- | oop, arranged in parallel to the line
rate PLL loop, and conprising the receiver scaling divider circuit
arranged within the scaling PLL |oop, the scal n 00 ggeln adapt ed
to receiVé and 'I“B’(‘E‘k’a'aﬁ"taﬁsi’f’ﬂ@r FYSHE rydineds E}ﬁ‘fﬂ g’ferleﬁ'dh IQE‘I’ ffcf’ neans
adapt ed tQaselofiptissghet her the line rate PLL Ioop or the scaling PLL |oop

is inserted into the COR circuit, thereby |ocking . the CDR c rcult to the
line clock sddpkdesetqnsifcnbadanies tq W@@rfreape%fa the pefesprce pock sgnal| ti - rate

transpondgg m%m& am@s@gﬁr QigRRkritOa Qo?'smclign siph iPdcBortidiRe WaR @reﬂ@tls@fﬁﬁddon nmeans
conprises: a lock detection circuit adapted to conpare frequencies of the

r ef er enceriteripedtating gnte resulhaf hneompageone| ock signal to generate a | oop

sel ection si gqmulﬂeﬁ?e&ﬁl@ﬁm&whé iboersaslﬁ.toﬁ@.ghm@ms&m& alife PEL RlopNg to the
result of the conparison, a nultiplexer controllable by the |oop selection

si gnal t@fﬂﬁé@ﬁtMQﬁhLk@aW1ﬁBRPEE"¥oop or the line rate PLL loop in CDR
circuit. 14. Anmulti-rate transponder system according to claim 12, wherein
the line clock source is adapted to provide the line clock signal with a

f r equencyl4t hatA multierstetttaaspemiier ysiesuidccortlipg to glaimel: waerewithe lins clask 69Mresg seri al

data st f%émag& g DR PLHGA ntawa?tfaﬁ&ﬁﬂﬁéﬁﬁ&{‘tﬁ}ﬁgth@Qfﬁl(‘al'cult%rt rates or

one of the c Ing transport network bi't rates her e g m ni m sing an
acqui sit |rmpmqnmf thrflmtdnanmﬂahdatacﬂtma!m byone @fi the gluirality of mie@xrp@é Bemingli t rate

of the i Qe &o%@nf@lL gfésgbn%[r{gqampm%@rdo}k 51§ra?et§sent the expected bit rate

bei ng equal ate or a transport network bit rate. 15. A
mul ti-r at e tr ahsgonuieimisiys sresequaisiior tinmgf the CORaiinevit bty tupine ité #n expectsl ural ity

of pr edet}lt(argt@opﬁg 11{0381%@ Efia1 A0 EEANSHE R bgehfﬂﬁle@kf/écféﬁ %ﬂ?at@ﬁén@@dugpt ed from

t he group consi s
toa nommal b1t rate or a transport network bit rate.

15. A multi-rate transponder system according to claim 14, wherein the plurality of
predetermined receiver and transmitter line dividends are selected from the group consisting

of: (1,2, 4,8, 16, 32, 64).

16, A multi-rate transponder system according to claim 12, wherein the predetermined
criteria comprise that:

if a frequency difference between the reference clock signal and the line clock signal
is larger than a predetermined threshold value, the loop selection means inserts the scaling
PLL loop in the CDR circuit, and

if the frequency difference is smaller than or equal to the predetermined threshold
value, the loop selection means are adapted to lock the CDR circuit to the incoming serial
data stream,

thereby providing a CDR circuit that is locked onto the line clock signal during its

acquisition mode by the operation of the scaling PLL loop and locked onto the incoming



of. (1, 2, 4, 8, 16, 32, 64). 16. A nulti-rate transponder systen1ac§qﬁ jﬁﬁ
to claim 12, wherein the predetermined criteria conprise that: if a ol
frequency difference between the reference clock signal and the line clock
signal is larger than a predeterm ned threshold value, the | oop selection
means inserts the scaling PLL loop iy the COR circuit, and if the
frequency difference is smaller thanor equal to the predeterm ned
threshold value, the |oop selection neans are adapted to | ock the CDR

ircuit to the incon ial data st eb i di CDR
Ci 1 oul  OH 97 SPOERUNBAL 5 Ryot e SR L YRS TS, PR "acqui it on

node by the operation of the scaling PLL | oop and | ocked onto the incom ng
32 serial data streamduring its CDR node by the operation of the |ine
rate PLL oopA T?ft'-wempiﬂ@?egﬁém%%ﬁ%fﬂwﬁa%?lmﬁy& SR ek oY) m 12,
wher ei n tBRphdene vexaskira@urce conprises a VCXO circuit. 18. A multi-rate
t ransponder system according to claim 17, wherein the VCXO circuit has
been sel ected so as to generate a centre frequency equalling a nom nal bit

rate of ag st agahtaRAPRPIhEAL) R REHUIANGeb cldiny | HedeRln ROVCXIEBGRLIt NUNDEr
selected fromthe range 12 to 128. 19. A nulti-rate transponder system

accor di ngas bpep pelpgisdisp as {ihesnerpts acprerirgauency Fa inge noaidlab kit B o ascal i ng

di Vi dend§ G @R EdrtREniSiRn BFotd¥B! Byil &K M8Hite S Alih B sélbatd R (12 rangX( 310

selected fromthe group consisting of. (14, 15, 16, 31, 32, 56, 60, 62,

64). 20. 1B8multi-rate transponder systemaccording to claim 11, wherein the
second group of selectable scaling dividends conprises one or nore

transm tter scaling dividend(s), Y(s),. selected fromthe group consi sting
of : (14, 185, ¥emubBitrategmnspogder giytenpaccorging to olaim W, wherejn the fist greumefhonder

syst em ageRhidealifh & kdls 20nprhidEode’ @ HsRNGYei Rt sdallfp div¥8nd(§] REH, signal is

sel ected as bel ng eqU|vaIent.¥o a nomnal bit rate of the plurality of

pr edet er riflacter fiomitieagrou qonsiging of di 4ildeld: By 33 1% 4 €Per scal i ng di vi dend,
Y, thereby allowing the CODR circuit to be tuned to a nomnal bit rate or a
transport network bit rate of the incom ng serial data stream through

sel ecti of0of Vamylisratsftranspendes sestepppccorging|to plgind] s imdessin thesecond groupgf| ti - r at e

t ranspondg

rai NS EM ARG AL Hs fegmfn?se% | Pmble RN &aﬁﬁgalyihé ngher scaling
di vi dend of i he second group of selectable scaling dividends corresponds to
an selected from the group consisting of: (14, 15, 16, 31, 32, 56, 60, 62, 64).
21. A multi-rate transponder system according to claim 20, the frequency of the line

clock signal is selected as being equivalent to a nominal bit rate of the plurality of
predetermined nominal bit rates divided by a transmitter scaling dividend, Y,

thereby allowing the CDR circuit to be tuned to a nominal bit rate or a transport
network bit rate of the incoming serial data stream through selection of values of the receiver

scaling dividend, X.

22, A multi-rate transponder system according to claim 11, wherein each transmitter
scaling dividend of the second group of selectable scaling dividends corresponds to an

identical receiver scaling dividend of the first group of selectable scaling dividends.

23. A multi-rate transponder system according to claim 11, wherein a particular receiver
scaling dividend is selectable by controlling a logic level(s) of a first set of pins,
thereby allowing the reference clock frequency provided by the receiving part to be

selected by the system controller through programming logic level(s) of the first set of pin(s).

24, A multi-rate transponder system according to claim 23, wherein a particular



identical receiver scaling dividend of the first group of selectable, 0t
scaling dividends. 23. A nulti-rate transponder system according to él&i'qn?’n
11, wherein a particular receiver scaling dividend is sel ectable by
controlling a logic level(s) of a first set of pins, thereby allow ng the
reference cl ock frequency provided b#mt he receiving part to be selected by
the systemcontroller through prograrmmng logic |level(s) of the first set
of pin(s). 24. A multi-rate transponder system according to claim 23,
wherein a particular 33 transmtter scaling dividend |s selectable by

cont rol | T ragae ARyt B bugahulit Pgf GRS of SRS Aiton ng t he
bit rate of tRgrawtagening tisaii ral of the @aFbing serR! fehinitpbé aditipYedty el ect abl e
integer ratio of X/ Y relative to t&ee bitﬁ%%ahe. of the j &om’ ng serial data
by the sydeushle Bisgenrafq X/ YHFIBEEHC B S ama hynFYRRe siridyday B e iystele second
set of pichtfolier BRughpfidtatinih@logici&HRNHPO NESEcoRY St 8Mpiaggor ding to claim 1,
wherein the CDOR circuit adapted to receive the incomng serial data stream
at the first or at the corresponding transport network bit rate is further
adapted H@ Pr QVindRi @te3@h§ohdR kR dAPIcHAIng b Lkl SvheRNthWOSREI IR Uk he _
transmtter PLL generating the output clgock signal is adapted to provide
the sel ecdantiddo rrepivaithe inspminggeral detp areamit e firsh P at thecarresppitin &SEANERYed from a
pl ural i t . QforPEiEAR!S IANBEHaRMIbvill! 4 selcdlafR nof el BiPMiePERVI di Ng a
multi-rate transponder system wherein the transport network bit rate may
be scal ed wi t hvhgreirethe grensgliger $EhIgeriating theoouiiug Mloskesignsbis agaptedriy PEwideespondi ng
nom nal J Iti-rate transponder system according to claim
25, V\hereﬂ?énsrelteﬁtg&%ﬁ&l%@lalr@uﬁé’ of the receiving part conprises a line rate
PLL | oop that thsomprina d# rae beingselasted Ifiomen plirplitiof prefeteriined ngpinghiéd wi t hi n
the line e PLL loop, the receiver line divider circuit being adapted to
provide a plfurality of predeterm ned receiver |ine dividends, each

recei ver |i ne thlirstiygpenddicpa melpeirdiansponder ayspear wherein dlre thinsportaeevask bitt he
plurali t¥at01;na be gc%‘eﬁr rﬂh%esglcgtgm E@iiin Latio With $& ol IotJ}lg cb:’?&?&ﬂdi ffidaR! . dat a
stream and gFein the transmttin part coﬁprlse a transmtter line

di vi der ditrrateli t being adapted to generate a transmtter |ine divider

signal based on an output signal of the transmitter PLL |loop so as to
generate the output clock signal based on the transmtter [ine divider
signal , tldée trramsii-tategransponderdysiindagcomdingdelctainal s ovhbrsinthe GBRmirsuit oo provi de

the plur %e‘ rtegei\(ijl}clg paor{ c%gneptri%srylmggaté 1 io%]? {ha{ Jo%rigés\éi A& RBtine divider circuit

arranged within the line rate PLL loop,

the receiver line divider circuit being adapted to provide a plurality of predetermined
receiver line dividends, each receiver line dividend corresponding to a particular bit rate of
the plurality of predetermined nominal bit rates of the incoming serial data stream, and

wherein the transmitting part comprises a transmitter line divider circuit being
adapted to generate a transmitter line divider signal based on an output signal of the
transmitter PLL loop so as to generate the output clock signal based on the transmitter line
divider signal,

the transmitter line divider circuit also being adapted to provide the plurality of
predetermined receiver line dividends,

thereby allowing the receiving part to receive the incoming serial data stream at a
selected nominal bit rate of the plurality of predetermined nominal bit rates and the

transmitting part to transmit the outgoing serial data stream at the selected nominal bit rate.

27. A multi-rate transponder system according to claim 26, wherein a particular receiver

line dividend of the plurality of predetermined receiver line dividends is selectable by



thereby allowing the receiving part to receive the incomng serial data
streamat a selected nominal bit rate of the plurality of predeterniindd 2004
nomnal bit rates and the transmtting part to transmt the outgoing
serial data streamat the selected nomnal bit rate. 27. A nmulti-rate
transponder system according to cl ai3g1 26, wherein a particular receiver
line dividend of the plurality of predeterm ned receiver |ine dividends is
selectable by I "I N 2004 34 controlling a logic level or logic |evel(s) of
a third set of pins, and wherein a particular transmtter |ine dividend of
the plur 5?‘?“&03‘"&& I%@"élc?é’%‘eof rﬁ"hcela‘eﬂts)r‘gr?glﬁﬁ“{ st?’g(r)fa '?Sh%"d;i vi dends is sel ectabl e by
control ling awheginca paetialar @tnshoigdr ¢ind divieledds)f thd plarafiguif predetsratingdf pi ns,

thereby allow ng the. receiver ljne dividend and the transm.tter |ine

i v dond TobsgPb et ASidsab irshleS et i lopafeyt 3F e drflotsie iy

out goi ngs&efpiak, data streans to be selected by the systemcontroller

t hrough progrgnmm ng | ogi ¢ | evel (s f .the ird and fourth et of pin(s).
08 Al L1y Bty AUl aree Sy s s Rat fs e BF S5 0caRer o n ot 1 onst
g_ne of tla@[}respéﬂdir@tg h};’)glﬁf:ulﬁlﬂﬁﬁ@lte_ %ffﬁemﬁﬁmmfgrﬁnﬂalljtgbﬂ;g sérl &8a @fEAk o & nom nal
it rate of a standar co ni cati on protocol . : mujti-rate

t r ans pon @8I R RGAYEERSOBF NG et ar%azg'}m&f?éwé?‘fﬁﬁfwg‘ t@tt&ﬁ%%ﬂd?om’fh

comuni cadtigPPin).0t ocol is sel ected fromthe protocol group consisting of.

(SDH STM1, 'S STM 4, SDH STM 16, SDH STM 64, Ethernet GE 1.250 Ghit/s).
30. Amlti-rate transponder system according to claim?25, wherein each of

the pluragitya ghirirbedahporden ddielPibstding i dlaimddsehadiat Rad ohESMRCt i Ve
nom nal bit rate of a standar comruni cati on Erot ocaol, so as to allow the

i nt egr at @4y of predetcamingd papisr bl ratey equakip ngmpnaLlif i 9 AcBAAY serial  data
streans bpmhbSicARApAAboRIt rate or at a corresponding transport network bit
rate of any supported comruni cation protocol and to, independently,
transmt outgoing serial data streanms at the nomnal bit rate or at the

correspondi Ng At fARSRR tfandpBhdd St decdrding tPElai2 ) FhbreintRCRindgrdand transm t
incom ng and outgoing serial data streans, respecti velfy( at _the transport
{{

net wor k _ lsPmmpBigatiop pragco] keelpred fiem theiprotpesy groumgonsiating Aft (SDERS EMtk ansponder

system a%%?{@fﬂ&,%ﬁ}ﬁéﬁh%}mmqwm Hif8net GECIUEd0Tohi@d). the receiving part
is substantially conprised on a first integrated circuit, and the circuitry

of the transmitting part is substantially conprised on a second integrated
30. A multi-rate transponder system according to claim 25, wherein each of the plurality

of predetermined nominal bit rates equals a respective nominal bit rate of a standard
communication protocol,

so as to allow the integrated multi-rate transponder system to receive incoming serial
data streams at the nominal bit rate or at a corresponding transport network bit rate of any
supported communication protocol and to, independently, transmit outgoing serial data
streams at the nominal bit rate or at the corresponding transport network bit rate or to both
receive and transmit incoming and outgoing serial data streams, respectively, at the transport

network bit rate or at the nominal bit rate.

31. A multi-rate transponder system according to claim 1, wherein the circuitry of the
receiving part is substantially comprised on a first integrated circuit, and

the circuitry of the transmitting part is substantially comprised on a second integrated
circuit, and

the system controller is substantially comprised on a third Application Specific

Integrated Circuit.

32, A multi-rate transponder system according to claim 1, wherein the data transfer



circuit, and the systemcontroller is substantially conprised on a tgﬂrg
Application Specific Integrated Circuit. 32. A nulti-rate transpond rJUN 2004
system according to claim1, wherein the data transfer 35 circuit of the
receiving part is adapted to generate an incom ng data signal based on the
derived data signal on nultiple dat%stransfer channel s, and wherein the
system data receiving neans of the systemcontroller part is adapted to
receive the data signal fromthe nultiple data transfer channels, and

wherein the.siﬂ%enldata 8noc ssi,ng neans of thecéﬁsten?co trokler part is
adapt ed PESUIGRAETSEE HPag it HEPRE “HRH S g NP TS PHSEGRES Fdba transfer
means ondérhed dath bizpdl ©n daiteple datoiekRr clahmiehds. 33. A nmulti-rate transponder

system according to claim32, wherein the receivin art  further conprises
2 demil ti pl exEROIEIRGDE BRGNS PEBePVE® VEmRTLIegRt i 2arleloon t he

derived go@oKthedah 3ign@ffrohh@e mAGRHIE dagh ts@EfeRdhaft@lQaif r eam and to receive the
derived data signal to provide an inconing mul ti-channel data signa

representing PHEEIBOIPEY WBHroEssgimears oidhsiysisn copellenpart IS pEPidta transfer

channel s gerdfhte £ Mok 'Jaﬁlts?gnﬁlrta'ﬂﬁ%?ﬂéiﬁ"aatﬁ}?§ﬁs§‘é?‘nﬁa§§§15nqh@ﬂuﬁi‘ﬂle_cda@di m 33,
wherein Fhe nunber o channel s of the nulti-channel data signal is

sel ect edtripséarckangelsup consisting of. (4, 8, 16, 32, 64).

33. A multi-rate transponder system according to claim 32, wherein the receiving part
further comprises a demultiplexer circuit adapted to receive a clock signal, based on the
derived clock signal of the incoming serial data stream, and to receive the derived data signal
to provide an incoming multi-channel data signal representing the incoming serial data stream

on the multiple data transfer channels.

34, A multi-rate transponder system according to claim 33, wherein the number of
channéls of the multi-channel data signal is selected from a group consisting of: (4, 8, 16, 32,

64).



