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CLCCK AND DATA RECOVERY CIRCUIT FOR DETECTION OF MULTI-
LEVEL INPUT SIGNALS

TECHNICAL FIELD
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application 1s directed, in general, to data
5 communication and, wmore specifically, to a clock-and-

data-recovery (CDR} cirvcuit for detection of multi-level

such as a passive optical network (PON).

BACKGROUND

Electrical (“copper”) computer and telecommunication
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networks have ecommunication

networks have been widely built out in recent years and

are gaining in popularity
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directly up to houses, apartment complexes, and business

locations. One arrangement for spanning this portion of
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which communicates wvia a fiber—-optic cable

5

cne or more optical network units (ONUs), with each ONU
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being located on or near a customer premises. An optical

network terminaticn (CNT) is an ONU that typically serves

a single user and may, for example, be located at the

user’s residence. A multi-dwelling unit (MDU} is an ONU

5 that serves a multi-dwelling unit such as an apartment

complex or small business, Fach ONU 1is capable of

segregating the downstream signals from the OLT and

directing them to the proper user, and of transmitting

upstream signals back to the OLT. In additicn to forming

10 a part of one or more PONs, the OLT is also connected to

the larger telecommunication system through which the

varicus services such as telephony, Internet access, and

brcadcast media are accessible so that they can be made
available to the users asscoclated with the OLT.

15 Standards have been promulgated for PON operations.

For example, many current implementations are configured

in accoerdance with a family of specifica
ITU-T G.984 and related standa
currently provide for transmission

20 {approximately) 2.5 Gbps in the downstrea
1.24 Gbps upstream. The directional
transmission  speeds is due in part
consideration of the cost of facilitating
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general rule, more content needs to be transmitted
downatream than back tc the QLT.

T

The modulation format of current deployed passive

optical networks 1s based on a two—level, non-return-—-to-
zero (NRZ)Y line code, NRZ line code 13 a binary code in

by some other significant conditicon {usually a negative
voltage), with no other neutral or rest conditicon. To

increase the data rate, a multi-level signal, such as

polybinary (e.g., ducbinary) or pulse—amplitude
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in more than two different voltage levels (e.g.,
PAM is a form of signal modulation where the message

information 1s encoded by using different oltage

n

amplitudes. For instance, PAM-4 has four levels of

by a factor of two compared Lo
NRZ at the same baud-rate.
SUMMARY
One aspect provides a multi-level modulated signal

receiver front-end. In one embodiment, the receiver
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split a muliti-level modulated signal into a plurality of

signal portions, (23 a plurality of two-level CDR

circuits configured to receive and recover distinct clock

generate a recovered signal from the distinct clock and
data signals.

Another aspect provides a method of receiving an

cptical signal. In one embodiment, the method includes:

plurality of electrical signal portions and {4)

generating a recovered electrical signa based on the

distinct clock and data signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the foliow1ng descriyg
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taken in conjunction with the accompanving drawings, in

embodiment of one portion of a PON;
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FIG. 2A g a functicnal representation of one
embodiment of a mnulti-level modulated signal receiver
front—end;

FIG., 2B 1is a block diagram of one embodiment of &
multi-level modulated signal receiver front-end;

FIG. 3A illustrates an example waveform of an
signal;

illustrates

an example waveform

C strates an example waveform of a PAM
and
FIG. 4 is a flow diagram of one embodiment of a
method of receiving an optical signal.
DETAILED DESCRIPTION
As stated above, multi-level modulation can be used
Lo increase the data rate in a PON, or any other optical
cr electrical netwocrk for that matter. However, because

multi-level mo

du

lation more than two different

ATV L Y T
emeioys

voltages, a suiltable receiver needs to be able to detect
and recover clock and data signals 1n view of the
increased number of voltage levels.

Multi-level receivers exist, but they employ single,
multi-level CDR circuits. Such circuits are complex and
power consumptive. Conseguently, the receivers employing
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are therefore inflexible.

Introduced herein 1is a receiver architecture in
which multiple two-level CDR circuits with or without
additicnal two-level egualization circuitry are employed

in concert to detect

rrom multi-level signalils.
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One embodiment
having programmable
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signal from the transmitting OLT to each receiving ONT.
FIG., 2A 1s a functicnal representation of co©ne
embodiment of a multi-level modulated signal receiver
5 front—-end. In this embodiment, multi-level modulated
signal waveform 210, such as a PAM-4-modulated waveform,
igs received. A power splitter ({(nct shown} splits the
received multi-level signal into n distinct clock and
data signal portions 220. In this embodiment a PAM-4
10 implementation vyields three distinct c¢lock and data
signal portions. Logic circuitry 230 is used to process
recovered data signal after which the original multi-

level modulated signal 240 can be reliably reconstructed.
FIG. 2B 1is a block diagram of one embodiment of a
15 multi-level modulated signal receiver front-end. in this

multi-level

front end includes a power splitter configured to split
a muiti-level modulated signal into a plurality of signal
portions 250, a plurality of two-level CDR cilrcuitries
20 260, and logic clrcuitry 270, employed to recover a
multi-level cdulated signal reliably. In he
illustrated embcdiment, the cardinalitvy, N, of CDR
circuitry 1is dependent upon the inplementation of the
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multi-level modulated signal: one CDR for NRZ, two for
ducbinary, and three for PAM-4, etc.
le 1, below sets forth an example truth table
for the logic circuitry 270. Only one two-level CDR is
5 needed for NRZ; only two two-level CDRs are needed for
ducbinary; and only three two-level CDRs are nesded for
PAM-—4. In the example of Table 1, the wvoltage threshold
for CDRL is set at .5V for NRZ, -.5V for duobinary and
-, 75V for PAM- in the example of Table 1, the voltage
0 threshold for CDRZ is set at .5V for duckinary and 0V for
PAM-4. in the example of Table 1, the voltage threshold
for CDR3 iz set at .75V for PAM-4.
Modulation | CODR1 | CDR2 | CDR3 | Result
Technique
NRZ 0 - - 0
Duobinary 0 o | - -1
i - n
(¥ Al - o
PaM-—4 0 0 0 -1
Y 0 1 -1/3
0 1 1 1/3
1 1 1 1
Table 1 — Truth Table for Logilc Circuiltry
FIG. 32 illustrates an example waveform of an NRZ
5 signal, NRZ 1s a simple encoeding of a signal in binary,
where ones are usually represented as positive voltage,
and zeros are represented by negative voltage, There 1is
no rest poesition, Asg iliustrated by this NRZ waveform
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310, the nature of the transition from positive to
negative wvoltage, with no rest or intermediary state,
in the waveform. The redline

or CDR1I at .bHV

tty
-
C

indicates an exemplary voltage threshold
as described in Table 1.

FIG. 3B illustrates an exanmple waveform of a
ducbinary signal. An example duobinary signal 320 will
consist of three levels of different amplitude voltages

{usually 1,0,-1}. Compared to a representative NRZ

indicates a voltage threshold for CDR1 at -1/3V, in
accordance with Table 1.

-
2
£

116, C 1llustrates an example wavefcorm of a pulse
amplitude mnodulated {(PAM) signal. An example FPAM-4 330

wili consist of four levels of different amplitude

voltages (usually 1,1/3,-1/3,-1). Compared to Dboth the

representative NRZ waveform 310, and the duobinary
waveform 320, the “eyes” of the PAM signal are much less
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at .75V, The middle red line in FI 3C indicates a
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3C indicates a voitage threshold for CDRLI at —~.75V.
FIG., 4 is a flow diagram of one embodiment of a

method of receiving an optical signal. The method begins

{

the electrical signal 1is split into a plurality of
electrical signal portions. In a step 440, distinct
cilock and data signals are recovered from each o©of the

is generated based on the
distinct clock and data signals. The method ends in an

end step 460, in which the recovered clock and data

signals are emploved in wvariocus communication functions

e

=

The operaticn of one embodiment of the receiver

described above has been verified using a 10 Gbps CDR

(N QMG D AR e e e s s T T g -3 T oy 17 4
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Corporation of

device with on—chip adaptive electronic dispersion

-ompensation (EDRC) and programmable input egualization
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WHAT IS CLAIMED IS:
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10 and data ignal from correspond
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5 2. The rvecelver front-end
wherein each of sai plurality
data-recovery circuits is configu
data signals represented by wvolt
different voltage thresholds.
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pood

recelver front-end r

n multi~-level modulated signal s a non-
return-to—-zero optical signal, and one of said plurality
of two-level clock-and-data-recovery cilrcults 1is employed

5 Lo generate saild recovered signal.

5. The recelver front-end as recited in Claim 1
wherein saild multi-level modulated signal is a ducobinary
cptical signal, and two of sgaid plurality of two-level

10 clock—and-data-recovery circuilts are emploved to generate
sald recovered signal.

receiver front-end

as

multi-level modulated

i

(@

anpliitude modula

t

ed

said

plurality of two-level clock-
circuits are employed to generate said »
7. The receiver front-end as re
20 wherein said pulse amplitude modulated
modulated optical signal.

PCT/US2016/021339

ecited in Claim

Claim

gna is a puls

(S

"
1
4

~and-data-recovery
ecovered signal.

cited 1in Claim 6
signal 1is a PAM-4
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8. The recelver front-end as recited in Claim 1
wherein said receiver 1s a multi-level modulated optical
signal receiver.

5 9. The 1receliver front-end of Claim 8 further
comprising an optical-to-electrical modulator configured
to  receive and convert an  optlcal signal  into  an
electrical signal.

10 10. A method o¢f recelving an optical signal,
comprising:

converting said optical signal into an electrical
signal;

splitting said electrical signal into a plurality of
15 electrical signal portions;
reccvering distinct clock i 2ach
of said plurality of electrical
generatlng a2 recovered electrical signal baszsed on
sald distinct clock and data signals.

20

pood

iy

PCT/US2016/021339
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