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that is a@bigggpérg{ig,rpoftggﬁqpﬁsc%egm%g{st eshe nominal bit rate of the

rel evant conmuni cation pro ata 30 m ght be transmtted and/ or
recei vid at the nominal bit rate nultiplied with a scaling ratio such as

15/ 14, 16glekeBAINBISF TARGRVENIGOY: any nonminal 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
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a receiver 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 characteristics, 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 bit 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
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SUMMARY OF THE INVENTION

20 One object of the invention is to provide a single multi-rate transponder circuit, preferably
as a chip set, 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



DESCRI PTI ON OF THE | NVENTI ON A first aspect of the invention relates to a
multi-rate transponder systemfor receiving an incomng data stream and
transmtting an outgoing serial data stream the multi-rate 5 transponder
syst em cH®H31dg: a receiving part, 2 system cont rol | er BRHDPXOPPYRAEmi tting
part; the receiving part conprising:”10 a O ock and Data Recovery (CDR)
circuit adapted to receive the incomng serial data streamat a nom nal
bit rate BESGRIRTION@eIpEINRENTIOAsport network bit rate, the CDR circuit
bei ng adapted to derive a clock signal and a data signal fromthe incom ng
serial data stream and 15 a data transfer circuit adapted to generate an
i ncomi ng Alfitshagpeghaf thedrventiomrelates frea inwiiitrate frapspangaasystem deraeeeivisg @ar al
data tra in§ Qa8 ; r&mig- i i : erate a
receiver qé%ﬁﬁcw&?l gna{e%?ngrytrrg%ﬁlf\?@g atgl ocC 'ﬁ ?I%rl,iél gg%] sé%%ﬁgqféej eir%'e'%‘gée1 cl ock
ci r cui t5 derispendar sygtemesomprisingr ef er ence cl ock signal for the transmitting
part based on a clock signal associated with the incom ng serial data
stream 25 the systemcontroller conprising: systemdata receiving neans,
syst em daa eceivingdag apisian canjrotierrangza apgrotisgdany neans and a
slide-buffer, 30 the system data receiving neans being adapted to receive
the incomng data signal from the one or several data transfer channels
and t he rtbe&¢cgpingpastomprigied: from t he receiver clock line and to provide
the ingpm ng data signal to the slide-buffer for clock domain transfer,
and WO 01/47173 PCT/ DKOO/ 00723 4 the system data processi ng nmeans being
adapt ed taClochend HDatchBetaoweo(GRIR)deircyit eidaptat té recetvirdhe incamingseriat dagg
insertin ' int ' ' ; j Mpi ' dat a
bl t 5 11 o R e indl 3t folPor A BrARn0RdIAy Eakpi AANoRbicEle B GOR,

i ncomi ng areuihbeingadapted o deriver aclociasignaltagdiandata signakirgndhe ingoming seyist em
dat a trar@;tggtré%%don one or several 5 data transfer channels, 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

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

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



the system data transfer means being adapted to provide the outgoing data
signal to the transmtting part in response to a transmtter clock signal
provided on a transmitter clock Iline, 10 the transmttin art conpri sing:
a transnM®M7PRase Locked Loop (PLL), adapted to receive gﬁﬁ”“@@%” to the
reference clock signal and to generate an output clock signal based on the
reference clock signal, 15 a transmtter clock circuit adapted to generate
t he tranifi systam datadrocasgingimeansthaingadaniad togupeessrthe yrcaming4aia siogRaliat a
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based on t tgoi ng data signal and the output clock signal. 25 In the
presen® gpedransteachanel@ndl ains the term "noninal bit rate" designates a
bit rate that equals a bit rate of a standardi sed comruni cati on protocol.
As an exanple, if the resent nulti-rate transponder circuit _ or systemis
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a bit rate of ta streamthat is increased with a scaling 30 ratio

rel ativelif® a corresponding nominal bit rate of that data stream A nunber
of sygndardised transport network bit rates associated with a nom nal bit
rate is recommended by ITUT G 975. According to this standard, a

t r anspor thertgangenitking part camgrisiegual s t he nomnal bit rate nmultiplied with a
nunber of selectable odd ratio factors. WO 01/47173 PCT/ DKOO/ 00723 5
According to the g}r esent invention, the systemcontroller may be conprise a
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an ASI C that ConpriseS a fu proprietary mcroprocessor or a
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advant ageous to provi e systemcontroller partly or Tully in FPGA
t echnol oggtadranstergreans,

a data reception circuit adapted to receive the outgoing data signal from the system data
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

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

signal.

25 In the present specification and claims the term “nominal bit rate” designates a bit rate
that equais a bit rate of a standardised communication protocol. As an exampile, 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 multiplied with a number of selectable odd ratio factors.



programmuabl e | ogi ¢ technol ogy for fast prototyping/ debuggi ng and/ or
on-the-fly re- programmng of the functionality of the systemcontroller.
The system data receiving neans and the systemdata transfer neans which
are respBRMPTE3for receiving the 10:incom ng data si gnal PEFBKPYHEZ
receiving part and transmtting the %utgm ng data signal to the
transmtting part may be inplenented as respective data buses, each data
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part nmay conprise a exer circuit adapted to receive an outgoi ng
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generate the seri al 0utg0|ng data stream based on the out 0|nq
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the inconin a sig to the systemdata receiving nean is preferably
scal ed Q%Weﬂﬁ@rﬁﬂaﬁéelr ecel ved bit rate of the inconming data streamin
proposgion to the sel ected nunber of channels of the incom ng

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

data signal and the output clock signal.



data signal. Accordingly, if the incom ng data streamis received at the
2.488 (hit/s bit 5 rate of STM16 and a 16 channel incom ng data signal is
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ratio,ef the incomng data stream Thus, for a 32/31 scaling ratio of the

incomng data stream the bit rate of the outgoing data streamw || be
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network bit rate or increased bit rate, may be extracted from the incoming data signal and
subjected to analysis and/or error correction by the system controller. 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 outgoing 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 will be 31/32 times that of the incoming data stream and
30 will typically correspond to the 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.



7 Anot her inportant application involves solely nonitoring the individual
data bits of the incomng data streamto nonitor the operation of the
comuni cati on netvvor k or nonitoring the operation of a particul ar network
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net wor K. 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 signal 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 parallel
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i ncom data stream which conprises overhead data provided at the
t r anspor Aceating it tHal ihveéraion, theditirbe cfitisé eutgdingdatd steddne carkt seletedtdsese
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rate. 20 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 transmitter 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 data provided at the transport network bit rate and the system
25 controller extracts these overhead data and solely conveys the transport stream data. The
outgoing data stream will consequently 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 terminal
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Its reSpﬁﬁ%&Vﬁ L QR termnals, may as previously explained control the
charging o oop filter so as to generate a control voltage. This
contrdbp voltage may be fed back to the input of the VCOto control the
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circuit al I nt egr eSI n engl neer convenlently
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may be bueltageohhia commwi rveﬁmmev beyerkbagk teithe input efdpe MEEY to eantiokihe agtuadl gh Q
20 oscillation frequency of the VCO. The use of such a PLL based CDR circuit allows an
integrated circuit design engineer to, conveniently, 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 CDR
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
incoming data stream. However, the same degree of fiexibility 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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selecting of a wide bandw dth of the second transmitter PLL
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and by e ?Png a lownoise VCOcircuit within 15 the |loop. The first
transmtter PLL may conprise a VCXO circuit operating as a crystal based
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20 voltage sensitivity, i.e. the oscillation frequency is quite insensitive to an applied control
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 larger 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-tuning of the jitter performance
of the multi-rate transponder system while the system during real operation or during lab
experimentation and prototype testing/evaluation.

35
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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 clock signal
35 with the selected receiver scaling dividend, X, and the output clock signal of the
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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 appropriate 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 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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pr ot ocol sthig émbodmnanhmfsthengwlaammmms the system controller to perform on-the-fly
alteration of the current communication protocol supported by the multi-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 loop 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 particular 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 selecting identical receiver and transmitter line dividends the receiving part is capable
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t he 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.g. 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 transponder system. However, according to a preferred embodiment
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frequency when the incoming data stream 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 to

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



In practical conmunication networks, the incom ng data stream nmay be absent
in shorter or longer tine periods due to network faults, repairs, etc.
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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 to
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 paraliel to the line rate PLL loop,
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17 whi ch "provi Ges t Ity o fecerver TIne di Vi dends,
in the CRecersauit, the CDR circuit nay be adapted to receive any
supported nom nal bit rate without affecting the reception of the
correspondi ng transport network bit rate. 5 In the above-nenti oned
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transmtter
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 resulit 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 loop 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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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 externally accessible data transfer channels,

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

accessible receiver clock line,



the scaling PPL which tunes the CDR circuit to the frequency that is

equi valent to the 5 expected bit rate of the incom ng data stream
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A third aspect of the invention relates to a multi-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.



according to a scaling ratio, so that: transport network bit rate = (MN)
nom nal bit rate; wherein 10 (MN) is the scaling ratio; M N being
positive int g nunbers and M > N. The nulti-rate receiver circuit my be
provi ded Wé&0147¢3ngl e st and- al one i nt ?)rat ed circuit or a8CHDEKIMIRAti on of
an integrated circuit and one or several external circuit blocks. 15
Alternatively, the multi-rate receiver circuit may formpart of a |larger
integrated circuit that also integrates a conplete portion or major part
of a mul tPeffcha Bly! SRSt ?t' et iohe S HTARFSbmiRE! &Wate% lUPéIEQd%RQCt of the
invention relat&s 1o a multi-rate transmtier circuit for transmtting an
20 out goi pYresepNding Hanspost nedwankiiiyate atrorhingin 38ealigy datica seithgial , t he
receiver circuit conprising: a transmtter Phase Locked Loop (PLL) adapt ed
to receive and |lock onto a reference clock signal and to generate an
out put 2| Bansportgeivork i satecn(M/he * neminabhit€atel owkestignal , 25 a transnitter
clock circuit adapted to generate the transmtter clock signal to a system
data transfer neans, a data reception circuit adapted to receive the
out goi ng @&MISsthgrsaahrmrrémthe M, & keing pesitivesiotagenndmbersiangd >aMd t o
generate the serial outgoing data stream at one of at |east two
predeterm ned nom nal bit rates or at one of at |east two correspondi ng
t r anspor t Aecsreing ko a praferred embodiment efr thalinventiebitingy tramsraittst eiecyihcomprigeshats ed
on the gu%g%t@g Fg_g_ga signal and the output 35 clock signal. WO 01/47173
PCT/ DKE) / Preferably, each of the at |east two predeterm ned
nomnal bit rates is related to its corresponding transport network bit
rate acco Lhyrate =
(MN) * n£ ﬁl}srf'gfﬁﬁ'mﬁerslsﬁ h&%&&"&d &?@%@%B%ck (ﬁﬂé {Sr%géi%ﬁ%ﬁcregﬁag@%aﬁ’kﬁ%ei ng
positive geneegerafnmml@id’uuwnal thedicss transryitteo Phl pawﬂeﬁrr@drwwi ment of
the inven h%;{ iy t Ls, a
Bérﬁﬂvldtﬁ {Qéa%ﬂaﬁ'dtﬁa%gm‘&lerrﬂL ao‘éﬁ@a dtb $6ck dtto thleoflr]%I it P

first transmtter ed to receive ' ock onto e reference clock
si gnal 1angignal 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
embodiment 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 following with reference to the

drawings, wherein



generate a first transmtter PLL signal, the first transmtter PLL having a
narrow | oop bandw dth, and a second transmtter PLL adapted to |lock onto

the firs tter PLL 15 signal and to generate the o 5/},(9%( SI gnal
based onwi({eﬂ???st transmtter PLL sigpal, the second trg%@%ktot er

having a wide | oop bandwidth. In a practlcal nmul ti-rate transponder ch| p
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subsequenthqllnwt@uppress jitter generation within the second PLL by
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ASICs that |mplement 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 protocois .

The skilled person will realise that the illustrated partitioning of the individual circuit blocks
25 between that receiver chip and the transmitter chip is 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
common 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 terminais 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



Furthernore, essential circuit blocks, including a COR circuit, a first
transmtter PLL <circuit, a second transmtter PLL circuit, divider
circuits, etc that are distributed over two ASICs that inplenent a

mul ti-rat® @1142H3ponder chip set that i?gpports reception a%ﬂ)ﬁ”%(?@?ﬁ ssion
of serial data streanms according to t comuni cations protocols SDH STM 20
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chip set are preferably inplemented as CM. | ogi ¢ using bipolar
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and 300) over line input 10 and provided to 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 signal
30 is transferred to a data transfer circuit 60 that also comprises a de-multiplexer circuit
which splits the data signal 30 into 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 multi-channel
incoming data signal is transferred to a system controlier 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.



transi stors provided by this process have fT val ues of about 25 GHz. For
Integrated 15 circuits that are required to operate at even higher

frequenci t the present integrated circuit, other c |
avai | abl ﬁ?l/ip}?@prl etary Bi CMOS or bipgl ar processes coul g g g/ta‘lg#'?{sed

that may provide bipolar transistors with fT values of about 50 - 75 GHz.
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to a receidifferent sividendg. di vi der circuit 50 that divides the clock signal 40
by a rﬁgei ver scaling dividend which, preferably, is an integer nunber X,
as illustrated to generate a reference clock signal 70 that is transferred
to a trangmhettrangmittingpa® B0 fthé heferente iclobtﬁb@nBFMIsmpttt&fto@ﬁqﬁerén&ehp(:thO,

300) over _,a reference clock |ine.. The be s d
from a olSTIaA §PERes ERRimay FaedBl i Wit i aRn S e Bl iEng

| ogic | evd:do@ thdt aidtecamiprisee \adramsmitidrarC@ldn g, atraessittbt ﬁ:apnglmv(deoburamasm) of
t he recei Ve his. allows the m cont cont rol
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pr ef er 20! fitered08clettthgtamelre severbhiime aogstants of thetlood 28, such as a group of
val ues 10 that includes 56, 60, 62 and 64. These val ues of X provide a
practical frequency range for the reference clock signal 70, even where

t he deri veueadd tekPIol fpedibadk irpthe \tratechittey PLhdoop, 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, respectively, in the receiving chip 100
and transmitting chip 300, respectively, the bit rate of the serial outgoing 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.



CDR circuit 20 is in the several GHz range. A previously nentioned nunber

of selectable receiver scaling dividends, X, is preferably provided in the
receiver chip such as 2, 3 or 4 different dividends. 15 In the
transm t WOY/AIEBt 300, the reference clock signal 70 is aBpTREOPE23
reference input term nal of a Phase equency Detector (PFD) 330 which
forns part of a transmtter PLL |oop that also conprises a transmtter VCO
310, a tr &evetal predetegained yaliiesiofithe soalirgitividend, X, inthereceiyengraingdividgr di vi de
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t he outgoi ng data signal on an R-channel data bus 220 t he system
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Is generated by a transmt er c
provides receiver line dividends 1, 2, 4, 16 to provide a divided VCO signal to a first input

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 lines
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 optionally 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 control 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



10 circuit which may be integrated within a data reception circuit 340 of
the transmtter chip 300. Transmtter clock signal 350 nust be synchronous
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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 communication protocol 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.



transfer the incom ng data signal to the controller, as explained in
connection with Fig. 1. The CDR circuit also conprises a second PLL in the
formof a scaling PLL, arranged in 10 parallel to the line rate PLL. This
scal i ng B{QO¥41Bor red around a recelvzé scaling divider ECTONWO0M2H
connected to the output term nal of t VCO 415 in parallel to the line
divider «circuit 420, to generate a reference clock S|gnal 70 which is

avai | abl e AdrPuipyigignabef the g’l“%%FEQWB&%) Detertor 4@ és RrovidRd tep multinlexer 68X and

FCKN. The caﬁﬁ@&@d%qh& l:e&ﬁmaﬁw %hefnmm@ég?qss@s @E@ caﬁ@% foltRE oaﬁsuFSBOO

shown on Fig. 3 (or on reference 70 is a
provi ded wignal 46 tine Barg-Bene Elipse H%C&ﬁ&oé and rﬂﬁﬁ sealingPhhllooplis, afcordimmase-

Frequency cB%E&%FdUnd‘lﬁ’é)sélmf ?(Jlﬁ(é%' tH?ﬁné‘raité e %ébc ‘éhéﬂg@%’m&&@tﬁ@ﬁ@ﬁﬁl &

termnal 412 ine c era l'y, “generat ed \H/
ci rcui t Sc sAPRGPEAN] et VG @id A Ehmnhtlpleesﬁm ntrels Myl 9a$t¢%rm§!e%|9%|14 6ffrom f| rst

transmi tt Qe Bhk ab@ORLi(CAREDS | IBYIBARR e uRuea LN 3R i0lheEER 3)
hed [ RrerA

arranged on the transmtter chip and provi term na
and CKREFANcf by enablieg @ﬂhﬁ?ﬁh%ﬁlﬂtput mmﬁjgﬁtf@ Eﬂiﬁs@rlﬁe@b@}cymectqm(é’FDM@ or

circuit g%@é&b@ﬁs@qél bﬂtﬂe@a‘ﬁ@'%aiu‘%ﬂ%%‘ﬁe&&t@r tfdsqg%ﬁﬁcﬂltﬁéeﬁ Jﬁg'ﬁa}nﬁ 0% eger

nomnal bit rate a targe _ cation protoco
nunber. 1A hemkmeé%rémrcuﬂe‘}a%mnmusm mpRitors ﬁ\iwemv dlﬁﬁ@nﬁ@hetrw@entbhe rate

of the qpay &@Fenﬁ@@&!ﬂ bi‘éﬁél'd?ﬂm%rﬂ)t Qfootlhe life 2R ck Q@ng #E7 tDVEAD Bé’steﬁ l|9£ C%-EM 1

6. The integer nunb preferab equal's one o e receiver scal
di vi dends sowce@ndemynajéﬂa@n‘ the Ft’ @20i lfithese sm@@ﬁerm@dhmﬁmreﬁemmned

| uent | ol od B6o 8o R RDoRBRENELARGRLI% AuitaflEAfCeRRId R YAl Ues

(56, 60, 6 eV|ous ntion Accor e centre
f r equency tht then DBGX@J%ISr'@@KeLd osmmedmwb%@gm ewvw@dm the YO ci(cRit488

GHz/ 62 o] PLL due
to t he) sgﬁg%hﬁfiiﬁgﬁfﬁ%;ﬁ%!ﬁﬁgm&{ 90&{35 ggs%nM%@g P éﬁgre%(%@gﬂ% "tcrﬂgqosm bl e
to corlbr ircuitis aiways ﬂsgptfw@quéﬁw:km range Iro:mtatmwt@mntem@ctteﬁ@ltzawsg t@hit/s

nomi nal b'lﬁcogﬁﬁgedﬁé sfte |19(nglncgg1 inPU&5 slﬂ'b%mrf@} md P&s‘éﬁhél?oé% bhg 4recei ver

scal ing divi sel ecta contro o Ic | eve external
pi ns, NSEEIrongous\iy rgte! @nfﬁsivmgmbtwsowmquw that ryadipigblespeifrap conditians

Phase- Fr GWQH&ED@&R:%&QJaé%%dI @ﬁOQDQé/ {r%ec%c IIQtl ﬁ%’cﬂﬁén‘&k%?(@bg‘l g is kBpNGgtied to

t he charge punp 4 exer 435 so conhecte t he out put
si gnal 408@ range that amw@tsaﬁgnmgg Pd@?éé?tﬂCtQ#GQ5é¢léCQW@ Ig@saﬂolthgmgmmgoop i s,

accor diphgla stt“elaf%S %ﬂnﬁ%@&ﬂ?g %n#t‘ae tR@NR X0 Eﬁéﬂlttﬁsé‘épérﬁﬁsla'(s:%ev t%b@ _Iqﬁrlﬂ'rollleQOp

charge punp 4 5 capacitor and t
mul ti pl ex@ﬁcﬂlﬁw 'ﬂé'?f-t first %anﬂwttq Ritlelopp ipravidesmd nazew baagiowpass filtering of the

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 ieast 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 channel data bus to 16 corresponding pairs of differential
terminals 220 from the system data transfer means of the system controller. The 16
outgoing data channels are connected to a 16:1 multiplexer 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



the lock detect circuit 425, which loop of the two parallel |oops that is
active in the CDR circuit by enabling either the output signal of t he
Phase- Fr NeysDetector (PFD) 430 or the output signal gf g pg- Bang
Phase detector 2105 to control the chagrge punp 440. The Ioc¥< e ect circuit
425 continuously nonitors a frequency difference between the 10 reference
clock sig e cl of K si VCXO based |ine
ol ook sontendfiet I PR erebR B0 Whorsr b3 ARRer L STOUPGL Pt BT or or e
t han a prsztendtransreiter Pal semptsing N@CSG‘DO piye autp @ @Gk sjgmal i ldscsratidedjoPLL i s
activated_j C“%ﬁ [ COR circuit is |ocked onto the
l'ine cl ociitgrintaﬂg epro@ntéﬁ'ﬂh%y gkr(Pg‘ﬁ?@&é“i@frcwt rat her than | ocked onto the
incom ng data stream Hereby, it is assured that the CDR 15 circuit is

The s nbolisyare ebdcsdiaiom S8MRE AN AR S BEEE B8 s o i €

absent ortrasnatter leteg[aherbuscuhlm teaminals @i amd\mﬁNaagtd wbvidéd © a exférencel tpus

the. osei 1104 aniiel e s ARy osEler PR AR Shirbs Betr R i e
t he Bang- mﬂﬁ bmwso cﬂ@msonant %fébogst tgaraa;n?tgﬁriﬂtel_uatlmsetécd:)mpndete (;agrm(mw‘nalg;abacudnt a
t Furt
cont rol | cHPrmAEERT o shle Bkl pliEe oo ol SuBlR Buhef VoRolhd
nar r om ais dohimegbetst® 4 lobp dimengpnefant bapacitef @r eapaeitot arwkresisgprpprowhiingha causes

ot ner it s AT IPRGS 5 B st ot STRORERY Fore B 106 BB S8R0 e

present enttodfr&auenogfsubétanhailgmrmrtmmmthbthpMdymm Yoltziget Tiee linengloclkat e PLL

IS adjust dtob n han..at | east rahly larger than
s or o gl e ed b sRE Bl bR RS s R S Fua RORLG R v PBa pect. 1o
m ni mum jadntrertetminar@frtbeﬂst Phase Fteleeseydpetetted (RRD), tradlosentietio@msiithe tifirst
netvvorh,ibtl matgr 30 Fig. 3 shows in nore detail the transmtter

i ntegrate FEM i 00 of Fig. 1. An outgoing data signal is applied on a
16 channel data bus to 16 corresponding pairs of differential termnals
220 fromthe systern data transfer neans of the systemcontroller. The 16
out goi ng data channels are connected to a 16:1 nulti pl exer 500 and
assenbled into a serial data streamat a bit rate that is equal to 16
times the bit rate of each data signal 35 channel. The nultiplexer 500 is
cl ocked by an output clock signal provided on |ine 335 by WO 01/47173

PCT/ DKOQO 00723 27 a transmitter line divider circuit 510 which is al so
connected to an output signal of a second transmtter PLL conprising VCO
310. The output clock signal is also provided on



external differential term nals CKO and CKNO. 5 The reference cl ock signal
fromthe receiver integrated circuit is transferred to the transmtter

i nt egr at i it on termnals CKI and CKIN and provided ence
i nput 58‘%@#’1@1&“ rst Phase Frequencydetector (PFD) and gggléjé}(log{agggcharge

punp 330. This <circuit block 330 fornms part of a first transmtter PLL

t hat corrpé' an external capacitor connected to an output term nal of
the charg L%@iﬁ) on external term nal VCXOCHAP that 10 is connected to a

| oop tinme constant capacitor (or capacitor and resistor) providing a
control voltage. t VCXO . circui t . (not .shown). The VCXO generates l'i ne
ook si g Pl efp BanSRRiE Mt I PR YIS PO op Bl e oy el | e
control vohdsagtting Bheutdoirey sdriat Hatasitrganl, thesmalbiphtectdarisporddresyatem corfiprésirent i al
term n%s XCK1 and XCK1 N and provided to a control termnal of the first
Phase equency Detector (PFD), to close the loop of the Ifirst 15

t ransm t t @redeiving pift, @lsydtehy SorNektDa BrarddittingBparCLAI M5 1. A nulti-rate
transponder system for receiving an incom ng serial data stream and
transmtting an outgoing serial data stream the nulti-rate transponder
syst em cotmprresdivigg parbcampesieg:vi ng part, a systemcontroller and a
transmtting part; the receiving part conprising: 10 a C ock and Data
Recovery (CDR) circuit adapted to receive the incomng serial data stream
at a nodn adlodkiand ICait® Retowiry {CORY ciasiitcidpteg tb redehzothe intetning kerizil dataat e, t he

CDR circyit being adapted to derive a clock signal .and a data, si | from
Che i nconfIRRTLEYT BPPrALPL Lt P8l CFRFPPEIRS FAPSPYT ABPES DL dng Colfapt ed 1o
gener at e éreuit beipgigtigpdatta detighalclosk skphaband & dadesignat tiomdhé incongmpseran one
or several_.data transfer channels, and a clock transfer circuit adapted to
gener at e FPPENEIVe?"E| ock signal on a receiver clock line, and 20 a
reference clock circuit adapted to generate a reference cl ock signal for

Lhe U gnsTLL Mebant Pasell 00 &l gck, shanal, 83500l 5al dhnb Bl o

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,
and

20
a reference clock circuit adapted to generate a reference clock signal for the transmitting

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

the system controller comprising:
25
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
30 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

the system data processing means being adapted to process the incoming data signal in

35 the slide-buffer by inserting data bits into the incoming data signal and/or extracting data



25 system data receiving neans, systemdata transfer neans, system data
processing neans and a slide-buffer, the system data receiving neans bei ng
adapt ed a,gorlﬁglg'%ve the incom ng data signal from 30 the Rbo/sosyer al
data transfer channels and the receiygr clock signal fromthe recelver
clock line and to provide the incom ng data signal to the slide-buffer for

| ock donmi t.ransfer S S| Walof t ed
o proco B i FAIKFine 810 SUR O FIATLAGRERE RS e RO B depEe .
dat a bi t $o generateren ouigwng dgtadugral & thaslystenddata trexsienoteang od@na oNSeEIAL 7173

PCT/ DKOO/J;PJt?%rhsfe%gchQ;nlieﬁs fa{r@m the incom ng data signal and/or nonitoring
data bits In e incomng data signal to generate an outgoing data signal

to the systemdata transfer neans on one or several data transfer

channel.s, . f ' - ide the
out goi nsz ﬂ&egg%tégptgggal tﬁ%’n?%h%&q}tsrabaeﬁ{ﬁ%pgﬁjg Sa??dlgﬁep%‘gg%ﬁ@gsﬁo&@#gd;%% mtter
cl ock si graabmitirgvpaitio respanse tardransmiter clook kignbi preyided en tarteamsmiittariclagkpar t
conpri si nds 10 a transmtter Phase Locked Loop (PLL) adapted to receive

and |l ock 'onto the reference clock signal and to generate an output clock
signal based on the reference clock signal, a transmtter clock circuit

adapt ed tﬂﬁ%gﬁﬁ;s%igﬁqgg%n%o“@@%ﬁ?;ter clock signal to the system 15 data

transfer are on circuit adapted to receive the outgoing
data sfiognal fromthe systemdata transfer neans and to generate the serial
out goi ng ta [ nom | . r i.ng

t ranspor taqﬁ switi%%ﬁ}@te,gﬁ,gélge%ﬁ lhog’?dggld)e%ﬁtp%agﬁ%er? ﬁéév%?%d H%F 8ﬁ%fthgﬁéé*8%gfclgncom ng
seri al dalamksignaband toa@edrate at betpotitigck signaldiaaed byl redereéncendodusipnal, cl ock
signal. 2. Anmulti-rate transponder system according to claim1, wherein
the transmtter part conprises at least two PLLs, 25 a first transmtter
PLL adaptadcartsmittercltick eiranitiadaptéd orgemetdie thectrarsanitter ddakckigrsl tmthle systgém

15 data transfer means,

a data reception circuit adapted to receive the outgoing data signal from the system data
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

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

signal.

2. A multi-rate transponder system according to claim 1, wherein the transmitter part
comprises at least two PLLs,

25
a first transmitter PLL adapted to receive and lock onto the reference clock signal and
generate a first transmitter PLL signal, the first transmitter PLL having a narrow loop
bandwidth, and

30 a second transmitter PLL adapted to lock onto the first transmitter PLL signal and to
generate the output clock signal based on the first transmitter PLL signal, the second

transmitter PLL having a wide loop bandwidth,



generate a first transmtter PLL signal, the first transmtter PLL having a
narrow | oop bandw dth, and 30 a second transmtter PLL adapted to |ock
onto the first transmtter PLL signal and to generate the output clock

si gnal bASEUN3the first transnitter PLL signal, the secBﬁH’DK{‘)’P’QWﬁn tter
PLL having a wi de | oop bandw dth, WO 81/ 47173 PCT/ DKOO/ 00723 30 t her eby
suppressing transfer of jitter fromthe incomng serial data streamin the
nul ti - r attBerepy awmtr%rgﬁé@r@%?r frora the ingemingnesial date stream infe BuiFPREssi ng

jitter gapgk ﬁdé'ﬂ sw.térlﬂ'lﬂl thé kst Wéh&hm’éﬁpﬁuaha@ﬁﬁ&@gﬁﬁg fiYsriRmeRtioh Mhimecond
transmtter nutl-ratetrans onder stemaccordlng to cIa|m2

wher ei n tth%”ﬁ|tl’§alte Er?mﬁf’?&%/ﬁtqﬂlm “l%?ﬁﬁof’gé@”ﬂ“ XBLki rcuit operating as a
voltage controlled oscillator within the first transmtter PLL. 4. A
mul ti-rate transponder system according to claim?2, wherein the narrow | oop

10 bandwi M- r@ﬁérqupgl@dqrrsaﬁgm qcerding fo glaimgy, IVﬂ@ﬁe'Bé%WSHEVﬂnQ'@ggr Ridan 130

kHz. 5. Aomiprisés BRICXd Eﬁélﬁt%é@élfng%é\% PoNRE COhFbIRY dsRillsloRWithid.thdhiRt ei n the
narrow | oop bandvvl dth of the first transmtter PLL is a | oop bandw dth

| ess thardra§miieF PLis 6. A nulti-rate transponder system according to claim
2, wherein the wide | oop bandwidth of the second transmtter PLL is a | oop
bandvm dth larger than 200 kHz. 7. A nulti-rate transponder system according
to cl ai m4 A WHErateriranseonged SYstemAGsaring @t dimpd. wheseig dreonimaw 998ni tter PLL

is a lapharanrith 8 the kifdt 48hshRP PLL ME 1o0pbaBawhitimésk kndrf 3 kriAnsponder

system according to claim1, wherein the nomnal bit rate is related to
the correspondi ng transport network bit rate according to a scaling rati o,

so that g ?ﬁﬂﬁlﬂ%tfe ch??sB@rﬁd%rQ%teﬁ?éc%ord:r(dWo‘\Qlalm NWHRGh tHR harf&d RopWher ei n 25
MN is the scali fgtaratlo bei ng positive integer nunbers, and M > N

9. A nul thanpyidéh e ﬁé‘ﬁﬁéﬁ'&@$m§§¢§{°éhw'$a% drangwicth tesaithan30 ier ei n t he
receiving part further conprises a demultiplexer circuit adapted to
receive a clock signal, based on the derived 30 clock signal of the

i ncom Hy & érmifiratgtERnsperdansysAl acsordRg:ioaIN: Wherein e Witedoan kanswidty
provi de af the'6Bhd Gafthiter PbewIoog%%d\ﬁ/lc&}ﬂ%lrgér@ma&mmilg the incomng

serial data streamon the several data tran I i nes
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.
20
8. A multi-rate transponder system according to claim 1, wherein the nominal bit rate is

related to the corresponding transport network bit rate according to a scaling ratio, so that

transport network bit rate = ( M/N ) * nominal bit rate; wherein
25
M/N is the scaling ratio, M, N being positive integer numbers, and M > N.

9. A multi-rate transponder system according to claim 1, wherein the receiving part further

comprises a demultiplexer circuit adapted to receive a clock signal, based on the derived
30 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 several data transfer lines.

10. A multi-rate transponder system according to claim 1, wherein the transmitting part

35 furthermore comprises a multiplexer circuit adapted to receive an outgoing muiti-channel



10. Amulti-rate transponder system according to claim1l, wherein the
transmtting part 35 furthernore conprises a nmultiplexer circuit adapted
to receive an outgoing nulti-channel WD 01/47173 PCT/ DKOO/ 00723 31 data
signal r P 8L¥ATI ng the out goi ng dat signal fromthe sys PEHRTINOAIPPanst er
means, the nultiplexer circuit bei ng3 adapt ed to generate the serial

out goi ng data stream based on the outgoi mul ti-channel data signal and

t he out pugdate|sigsial @pgerﬁentm%thmoutwmmdatasr fr@math%pyﬁi@mrdaé@tfa@afem@m&n ng to
claim9, }g%%@hﬂe%}eclrEMméﬁ Qaaﬁgawg%ﬁer @fth& QQFIMU ouﬁ@%’lgg{re%ttﬁséa gRal

is select roma group consistin

mul ti-rat @etmmmmmlilrcwgeléiﬁt%lé'éB@difﬁgfh@@Utﬂuéplﬁp‘SS'%ﬁere| n M= N+ 1, and
Nis selected fromthe group of integers consisting of: (32, 31, 16, 15,
14). 10 13. A multi-rate transponder system according to claim1l, wherein
t he CDRScil t-cdumultorate tianspobaderi syisteg %ﬁqfd'ﬂ@ltﬁ)ﬁlpme& whereindbe nembst of ¢hagnels

di vi der _chf fuinuitRitRAad PGPS LRI Hoh ied LaRIIAb ORI, 8116, B9

incom ng serital data stream™and to produce e refere e clock sighal” for
the transmtting part by dividing the derlved cl ock S|gnal with a

sel ect abl ¢ r@&%hmﬁeaﬁgféygpa%rgﬁ 515% éco@ie% ¢ ggmx 8CRhereh Meal g a%y e hends.

circuit conprising e receiver scalin

each val ueelestekfrbmi thg geaspofiintegers wonsistingefi (3281 a6, d6al4ng ratio, 20 a
transmypter scaling divider circuit arranged within the transmtter PLL and
adapted to divide a PLL signal with a selectable transmtter scaling

di vi dend, 1¥,A riuéi-tateatianaponder syste aecaiiing reelaio i cuhereindhp GDR pigeuit of drond
group of se ﬁ&trqggl k&g 25 dividends, each value of Y being associated
with a particular ng ratio, X, Y being independently sel ectable
positive integer nunbers 14. A multi-rate transponder system according to

claiml, eWePﬁEQT\PG%e?'cI‘rEM{ écﬁ]a}(?e%ar@&&ge{ &gl ¥Rk Q@nbf‘&f‘iﬂé ng serial

data streamat t rst or correspon ng transport network bit
rate i $5fnceming sedalxatelstream eod itelpraduse ecrefsercandetkrrignab far theitransnaiting

o pr ovi dit R RRAId hE el BR0CHEha ML o B g T 3 Bt BB Do

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

20
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

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

14. A multi-rate transponder system according to claim 1, wherein the CDR circuit
30 adapted to receive the incoming serial data stream at the first or at the corresponding
transport network bit rate is further adapted to provide a selectable nominal bit rate, and

wherein the transmitter PLL generating the output clock signal is adapted to provide the
selectable nominal bit rate,
35



32 the nomnal bit rate being selected froma plurality of predeterm ned
nom nal bit rates, thereby providing a nulti-rate transponder system
wherein the transport network bit rate my be scaled with a sel ectable
scal ing MRS h respect to any corgesponding nominal BCEHDKO0AP723 15 A
nmul ti-rate transponder system accor di r%g to claim 14, wherein the CDR
circuit of the receiving part conprises a line rate PLL | oop that

conpr i sestha negunal bt rateibemgdrelactrst fremracklvtalityaf pEgrptRIMipachMINREDLI 13RS, r at e
PLL | oop, 10 the receiver line divider circuit being adapted to provide a
plurality of predeterm ned receiver line dividends, each receiver |ine

di vi dend berebyPpding g muti-sate ansrandsr systemieseipthe ransporteiwerk pitsate

pr edet er ni,aede BRALAMith ¥ deld s s@link P&tid WRIPRBsPECISS ra'n?'coﬂééﬁbn%ﬁrfg%ﬂ%mé\nd 15
wherein the transmtting part conprises a transmtter line divider circuit
bei ng a@a?i't@é?to generate a transmtter |ine divider signal based on an
output signal of the transmtter PLL |oop so as to generate the output
clock signal based on the transmtter line divider signal, the transmtter

li ne di vi e @ultidale transpendssisysteruagoeding to %?'Gvi‘tié”rtelﬁ%” NUERR gipuipf the
pr edet er MeRgding @aRIbRiprists | IIHé VétQ?’rl‘_ﬂ%oﬁ {hat EMprides AYeBEvEMRe AAE dikgdit Par t

to receive theincomng serial data streamat a selected nomnal bit rate
of the plaFandedyitein thedineratelhdermoni nal bit rates and the transmitting
part tegtransmt the outgoing serial data streamat the sel ected nom nal

bit 25 rate. 16. Anulti-rate transponder system according to claim 13,
wher ei n tthe regsiver ling divider eisritheingeadapied torrrevae airdwality of piesetarminedsour ce

adapt ed tr‘écgi%'ﬁfn%to‘?vlé’eH NEadH rRELVSY l%@%lwderﬁﬁ&n%gpmllﬁszona b%c@%uﬂa{téwt of

the receiving part furthernmore conprises scalin arranged in
par al | el the piuiality pheredgteemiped npaa! barﬁ@teé@ﬁmeuamyns ﬁ@”ahdét?eﬁ%ﬁm S04l i ng
divider circuit arranged within the scaling PLL | oop, the scali ng PLL | oop
35 bei% adapted to receive and |ock onto the |ine clock signal,

01/ 47173 WETEDRLO re0SRYIngIZ enspprises adtansmittasding divies cieuit lbe'@@aéaﬁte%t her
the Iine gafepatBlalirdnRRtd?ink BRiRF &ighBG%dRl 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
20 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
25 rate.

16. A multi-rate transponder system according to claim 13, wherein the multi-rate
transponder system comprises a line clock source adapted to generate a line clock signal,
and

30
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
35 being adapted to receive and lock onto the line clock signal,



|l oop is inserted into the COR circuit, thereby locking the COR circuit to
the line clock source or to the incomng serial data stream 5 17. A
multi-rate transponder system according to claim 16, wherein the | oop

sel ecti oWOWEINS conprises: a lock detection circuit adapPEdDKIVEFRDar e
frequencies of the reference cl ock sﬁ}j’nal and 10 the line clock signal to
generate a | oop selection signal in accordance with predetermned criteria
relating to the result of the conparison, a nultiplexer controllable by the

| oop sel g%gb eaeéﬁmagi@soiagm@d%o ﬁt et WhRtHeP thed e rJa%OIrBLLg{?SoF%?n thd Aaﬁ%@; ﬁ%E t E’LL

| oop in crrcult ti-rate transpon accor
cl ai m 16, logpisrinsertedriatol the £0R oisduits therelzy |0clsngitﬂlapﬁlél cirouiptodbe diee tloek | i ne

cl ock si Q%rcé"brttﬂtﬁe ATl mfdﬁ% shdqgs the COR circuit for reception of

the incomng seri al data tream at one of the plurality of predeterm ned
nom naldbit rates or one of the corresponding transport network bit rates.

20 thereby; @ @hg‘l rﬁfentgari% oﬂt?é}%")@feH Q&OPdigEtooélal d% Sbrtl‘?é”oto QY o HA ng It

to an expecte e I ncomng serila ream hen -l
absent, tmearserepris@sbit rate being equal to a noninal bit rate or a
transport network bit rate. 25 19. A nmulti-rate transponder system
according to claim 16, wherein the predetermned criteria conprise that:
i a frecquipekgetgctidreciongadoptede somperer fe¢qrenniee of theokfesempeadiockaigrahend i ne

cl ock ?(') gt'ﬂ@'llné §IocIL er rto{g@ﬁ@ra?e Te5e) eée%%ﬁggpéhn%%ggddgnge% etdQFerrln%%B

sel ection neans he scalin Ircuit, and if
t he frequeitena r@ia‘tlﬁert@theeresdt sfthe Icempatison, or equal to the predeterm ned
threshold value, the |oop selection neans are adapted to | ock the CDR
circuit to the incomng serial data stream 35 WO 01/47173 PCT/ DKOO/ 00723
34 t her eby muittiplexdi eantroll@PR by ithe: loiop seleation sighalda édedribe s¢dliagIRLhdoad arctke

si gnal duln'er}Ete . 1085 Cﬁhtci,ir%[]lt.mde by the operation of the scaling PLL
| oop and ont e I ncom ng

18. A multi-rate transponder system according to claim 16, wherein the line clock source
is adapted to provide the line clock signal with a frequency that tunes the CDR circuit for
reception of the incoming serial data stream at one of the plurality of predetermined
nominal bit rates or one of the corresponding transport network bit rates.

20
thereby minimising an acquisition time of the CDR circuit by tuning it to an expected bit
rate of the incoming serial data stream when it is absent, the expected bit rate being equal

to a nominal bit rate or a transport network bit rate.

25 19. A multi-rate transponder system according to claim 16, 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
30 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,

35



serial data streamduring its CDR node by the operation of the line rate
PLL loop. 5 20. A nulti-rate transponder system according to claim 16,
wherein e01}4|7{]/ clock source conprises a VCXO circuit. DRoiEd -rate
transponder system according to claisg 20, wherein the VCXO circuit has
been sel ected so as to generate a centre frequency equalling a nom nal bit

ot veon ThetehiAragRG A.CORTRILE fat R0 O Inalng &R dinafBluidcoer uTRer

bet ween 12 PP transponder ng to claim
13, wher ecquisitien fiode by djreoomerefion dehescallhbé’ls.dabp agd mclaedjemtdsh@mmnilwes one

consi st 1 g AG stia iithggls ORI oy HoperatBR SHSTea BRI TP, o
transponder system according to claim13, wherein the second group of

sel ect d%@) R?rﬁ.ltl na(?e ?rg %@9? s;%?ém ra%%ogaing V8 cBlm 18" \ﬁ?érreﬁﬂﬁghﬁ% ? Z?c§ %@urjc 6. 31,

di vi de crédfrom group consi s

32, 56, 66mpfhses aﬁVO;XOZ@rcﬂu.. A nmulti-rate transponder system according to
claim 23, the frequency of the Iine clock signal is selected as being
equivalent to a nomnal bit rate of the plurality of predeterm ned nom nal
bit rat e§1dAwriLdtéchté)yaasndndassﬁst&reacsm'dihgmgclaimﬁdewtierem the MEED gireuif s ng

t he prcuit to be tuned ¢t 0 I et wor k
25 b| t ratg" 8?|e?tﬁ§ sp ﬁgg%]gﬁlaerg%rq g%‘nqgat?eadueﬁ (l:%a L?%"ﬁ] ogua Fnafﬂ?{é?%hf ip)f val ues
of t heOr etandaeirconsoadicatigpngirotoda miljided by’and iAteger numbet leetveem$pa@ndd28syst em
according to claim 13, wherein each transmtter scaling dividend of the

second group of selectable scaling dividends corresponds to an 30
i dent i calk2r A& owilti-eate sramddmgedéysitmadcmﬂingh@clfaim 48, gheran toé fiss Igemtpadsf| e

scal i ng dIVId ds.. .26, | ] t n Ox claim
157 wher SpeiEBRRaide ey eret oS bl B ARSI EL S A W BRI PSS,

cont r ol | selgciad|frogi thel geogd ¢anysistihg af: f(14,st5, 3613‘of32p5ﬁ560 B 6M) 47173

PCT/ DIggO/ 00723 35 thereby allowi ng the reference clock frequency provided
by the“receiving part to be selected by the systemcontroller through

progr armizegA Inogdti-caté eapspohdendystdme af:d:ordihg detlaoh 13pwhérein. the s@dondgroup bf - r at e
transponde ardi ng t r itter
scal i ng 5 ?taglr%(fcﬁéngs(g]’ 88?%\%1"059% egoﬁ% ‘P@ngrégérﬁltotgfg L ggMo;%ydés;) ’Waég]econd
set of piselectet lfrerethy gad:dummrrsgstmgef lii4, 15at1§ of, I2h86.ft, §a) 6. serial streamto
be nultiplied by an sel ectable

20 24. A multi-rate transponder system according to claim 23, 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
25 bit rate of the incoming serial data stream through selection of values of the receiver

scaling dividend, X.

25. A multi-rate transponder system according to claim 13, wherein each transmitter
scaling dividend of the second group of selectable scaling dividends corresponds to an
30 identical receiver scaling dividend of the first group of selectable scaling dividends.

26. A multi-rate transponder system according to claim 13, wherein a particular receiver

scaling dividend is selectable by controliing a logic level(s) of a first set of pins,



integer ratio of X/Y relative to the bit rate of the incomng serial data
by the system 10 controller through programm ng logic |evel (s) of the

second s&,t o;é‘;ngi n(s). 28. A nmulti-rate transponder syster’%@ﬁfi%&& g to
e

cl aim 14; SN Pn at |east one of thgs plurality of predetermned nom nal
bit rates equals a nomnal bit rate of a standard conmunication protocol.
15 29. A nulti-rate transponder stem accor di o claim14,  wherein each
of the pltaergPy alovipg h}?r'@%@?'@erﬁ' r%ﬁpwa?rowgteggéﬁtéesregauglpspa’gt P &8pect i ve
nom nal hjelecte 18y 1Ok s@steinadtm@blier thiUgh Prapamoinglogicdeel(s) fthe firsasetal al | ow
the integrated nulti-rate transponder systemto receive incomng serial
data str at the nomnal bit rate or at a correspondi ng transport
network bit rate of any supported conmuni cation protocol and to,

e o - (P AERbRI St RGP E ARG 2t B PR oo gprpyRE BRI o o

and tr anssghling diviesndig sakdtably ocargroiingiaabgiddédvel(s) ofeasecond espefgiins/el y, at
the 25 transport network bit rate or at the nomnal bit rate. 30. A
multi-rate transponder system according to claim 28, wherein the standard

?g w giTcl\:/fttllér@ayS gh@mﬁg fHe hitrateebfabé edtgoingnedribestpram mcmdh myltipligd by ars iselteiatggle/of )
1, 1 STM 4, SDH STM 16,  SDH STM 64, Et herne 1.250 Ghit/s).
30 31. A REHOeN r?P%Pg%rrgf?iﬁE%&\e kit rategh t %El??ﬁ\"??gs%r@?g%lﬁitb%%%,sy%ﬁ rein a
parti cif ajonfreithiBlgh piograntthivigdedie leve!(§)f ti seoohitsgt off pimgsiedet er mi ned
receiver line dividends is selectable by controlling a logic |evel or

|l ogic level(s) of athird set of pins, and WD 01/47173 PCT/ DKOO/ 00723 36

vvhegI ein @epﬁgﬁmwbtartratnem&tsyaémlaicaerddigwbdmd 1af whbesiphiueastidng obthe
predeterm ned transmtter  line dividends is sel.ectable hy controlling a

| ogi ¢ | ewRbfraljy of B@dg}qr'@%fj("?)“"&ﬁ'%é{ r?@ﬁFﬂHa'E&”O&'n&;ﬂﬁr@?‘?%%@?‘%ﬁg al | owi ng
the receigdspimiricioflipvatdennd and the transmitter |ine dividend correspondi ng
to a particular bit rate of the incom ng and outgoing serial data streans
to be el ected by the systemcontroller through progranm ng |ogic |evel(s)

of the tig A rame-rhteurdnpsrier 8fsteri atcsidingltd cBim 14, whbtein eadreoftthe pipaindef
system acpcrgéeqtlarrr}%néé) ngrlni(%lam)itl r%iesvg]q%ra?sl Q résggctWeunro?rlmihél%itor];te of a standard

communication protocol,

20 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

25 transport network bit rate or at the nominal bit rate.

30. A multi-rate transponder system according to claim 28, wherein the standard
communication protocol is selected from the protocol group consisting of. (SDH STM-1,
SDH STM-4, SDH STM-16, SDH STM-64, Ethernet GE 1.250 Gbit/s).

30
31. A multi-rate transponder system according to claim 15, wherein a particular receiver
line dividend of the plurality of predetermined receiver line dividends is selectable by

controlling a logic level or logic level(s) of a third set of pins, and



predeterm ned receiver and transmtter line dividends are selected fromthe
group consisting of: (1, 2, 4, 8, 16, 32, 64). 33. Anmulti-rate

transpon em according to claim1, wherein the circyj e 15
receivi ng&%gr{ﬁ%"’s substantially conpr3gsed on a first int egFg{%kgeéPizgui t,

and the circuitry of the transmtting part is substantially conprised on a

second integrated _..circuit. . . 20,.1. | S tially
compri sedBrel 1 R gag it dne e PR, bPreEiehinsd RadiLr

mul ti - r at iner dicidendsris selectable Hyorontretiieg \ailogjc savel ordogic eye ey ofad fodeh aetsafr eam
and recov.ﬁgi ng a data signal and clock signal of the incom ng serial data

stream t A& receiver 25 circuit conprising: a Clock and Data Recovery
(CDR) circuit adapted to receive the incomng serial data stream at one of

at | eas r r, - nom nal . DI es . at

cor caporit R aRLE s R E e Blie8hd phE S Bhoct® dhiadt ciShotdih, oy e
t o deri vetoaa particldarshipnatd of2hel ircodagand gutgbinfrserialtdata stneaons togbe sadedted bylat a
stream a,data tr i rcui . i i si gnal
based on VHaYAEN GRHoRéfigBl rlodiaRiiasobt SEL Bl e il HEERMAR S0 ' ©
accessi bl gin@t a transfer channels WO 01/ 47173 PCT/ DKOO/ 00723 37 and a
clock transfer circuit adapted to generate a receiver clock signal on an

externally accessible receiver clock Iine, 5 thereby providing a
mul ti - 1@t 82.rAeowitiviate itanspunderfsysteneasegoirdiog tootlaimn t&whegeid dbeplstaligaofs at two

or nore nom.nal bit rates _or.at t WO .OF re correspondin ransport

et vor k. bpEaeprpBed @R anl nhs he mCadiostE & dtrEROE i aig B0 bl & m
34, wher econsisting obf(1,the, 81 16,82s64xwo 10 predeterm ned nom nal bit rates is
related to its corresponding transport network bit rate according to a
scaling ratio, so that: transport network bit rate = (MN) * nom nal bit
rat e; whed&iAamubi-rald tk§nspsndeéresysieal acuprdiag taoclaiM 1 Nviireinghe oiscuitryef that eger

nunbers.and M > N .36. A ti- e a Ltter circuit far transmtting an
out goi i% reLpiving p&gtlasgtgsg%rgllé!l%ggréﬁ%%e# Sk R 1At |nttegraféd c?rgw]f, and
the circuitry of the transmitting part is substantially comprised on a second integrated

circuit, and

20 the system controller is substantially comprised on a third Application Specific Integrated
Circuit.

34. A multi-rate receiver circuit for receiving an incoming serial data stream and
recovering a data signal and clock signal of the incoming serial data stream, the receiver

25 circuit comprising:

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,

30
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

35 data signal on one or several externally accessible data transfer channels



an outgoing data signal, the receiver circuit conprising: 20 a transmtter
Phase Locked Loop (PLL) adapted to receive and | ock onto a reference clock
signal and to generate an output clock signal based on the reference clock
signal, WOUMIH3ni tter clock circuit _adapted to generate PREDKOYPERI tter
clock signal to a system data transfsgr means, 25 a data reception circuit
adapted to receive the outgoing data signal fromthe systemdata transfer
means and to generate the serial outgoing data stream at one of at |east
two pred ! 1 nal . hj t : ; t

corr coporti poefatidh ditli duuptedhrBeitiafs REGVE b G on itemall o

st r eam beaaqcgsdible eeceiver closk ing.goi ng data signal and the output clock
signal. WD 01/47173 PCT/ DKO0O/ 00723 38 37. A nulti-rate transmtter circuit
according to claim36, wherein each of the at |east two predeterm ned

noni nal 5 btherebypeayiding a ehulti-cate receives ciceuit fos pasaplioryoftineamipa datasteanskatbi t

rate acc | - i j . alal? g rate =
(Mg = riertrifort o Bltis b e (pR o ke eoimecpRiaRg lanpr Riholt L B
posi tive fatgseger nunbers and M> N. 38. A nulti-rate transmtter circuit
according to claim36 or 37, wherein the transmtter part 10 conprises at

| east two PLLs, a first transmtter PLL adapted to receive and | ock onto

t he ref er¥mdemultioete recejver cirgnitl acepsdiog & clain 84 rwhereingachiof ther atPeast twenal |

the firgst 1 hayi r ntem.%q | ; econd
transmﬁ ?t%rrEe %Eﬁ%@g@gﬁ.}a % Blvfa‘cf)%{ﬂgﬁlta gbq{tﬁgegféoﬁg?p?ra sYn%t%)g? "%E’E"%?‘éﬁ% and
t o generacerdingetocusqaling cdtiocko thiaggnal based on the first transmtter PLL
signal, the second transmtter PLL having a wide | oop bandw dth, 20
t hereby suppressing transfer of any jitter in a reference clock signal that
has been tdanspor detviark hit zatei=(0UN) hgomaal bit ralet awberetram by t he first
transmtter PLL and suppressing jitter generation within the second PLL to
provide a low jitter outgoing serial data stream

15 (M/N) is the scaling ratio; M, N being positive integer numbers and M > N.

36. A multi-rate transmitter circuit for transmitting an outgoing serial data stream based on

an outgoing data signal, the receiver circuit comprising:

20 atransmitter 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,

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

25
a data reception circuit adapted to receive the outgoing data signal from the system data
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,

30
the serial outgoing data stream being based on the outgoing data signal and the output
clock signal.
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37. A multi-rate transmitter circuit according to claim 36, wherein each of the at least two
predetermined nominal bit rates is related to its corresponding transport network bit rate

according to a scaling ratio, so that:

transport network bit rate = (M/N) * nominal bit rate; wherein

(M/N) is the scaling ratio; M., N being positive integer numbers and M > N.

38. A multi-rate transmitter circuit according to claim 36 or 37, wherein the transmitter part

comprises at least two PLLs,

a first transmitter PLL adapted to receive and lock onto the reference clock signal and
generate a first transmitter PLL signal, the first transmitter PLL having a narrow loop
bandwidth, and

a second transmitter PLL adapted to lock onto the first transmitter PLL signal and to
generate the output clock signal based on the first transmitter PLL signal, the second

transmitter PLL having a wide loop bandwidth,

thereby suppressing transfer of any jitter in a reference clock signal that has been derived
from an incoming serial data stream by the first transmitter PLL and suppressing jitter
generation within the second PLL to provide a low jitter outgoing serial data stream.



