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What i1s Clock Recovery ?

given thisNRZ data signal

you want to make up this clock

align edges sample data

So, what isthe problem ?

you usually don’t get a nice, clean data signal
it ismost likely corrupted with jitter and other impairments

but you still want to make up the same nice, clean clock !!



Ringing Tank type of Clock Recovery
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FATAL FLAW

A requirement of clock recovery isto
produce avalid clock output signal even
If thereisalong string of transitionless
data or Consecutive Identical Digits,
CID. Thisisdescribed in Appendix | to
CCITT G.958. Thisisthefatal perfor-
mance flaw of SAW based clock recov-
ery technigues. SinceaSAW isa
narrow-bandpassfilter, it cannot produce
an output with no input. When input
transitions cease, the filter will continue
to produce a clock signal asit rings
down; but eventually the clock signal
will cease. A high Q for the bandpass
will allow the clock to not fade away, but
such ahigh Q places unreasonable
demands on center frequency accuracy.
InaSAW filter, if the center frequency is
not correct, then static phase error
results. While static phase must always
be compensated in the retiming path of
the SAW, the temperature stability of
static phase due to center frequency drift
of the bandpass is more difficult to acco-
modate. So the SAW bandpass Q must
be limited to a value which allows pre-
mature fading of the clock with along
string of transitionless data.



Ringing Tank type of Clock Recovery
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Figure 17. AD805-SAW Filter Clock Recovery and Data Retiming Circuit Schematic %W
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Phase-L ocked L oop type of Clock Recovery
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advantages
freerunning clock on long CID

low cost

problems . o
frequency acquisition not guaranteed: need acquisition aid

false lock to data sidebands possible
possible injection lock to power supply noise



Freguency Acquisition Aid
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Freguency Acquisition Aid

Synthesized
Transmit

Clock
Output

Ref — 1 Divider -
Freq
Input

o 350 Loo
[>_ Divider P[r)]et Filteﬁ)'

NRZ
Data Phasd | Loop

retiming 0 CKg

Kty
Outputv Receive Clock Output

AD80/, AD808 \

usethismethod

Freq Loop
Det Filter

NRZ
Data Phase Loop
Input ™ Det Filter [ @ @

retiming

40 Ut

QL
A
-—

Data

Ot Clock

Output

SYNTHESIZER with
MATCHED
OSCILLATORS

advantages

provides synthesized
transmit clock

problems
need reference frequency
need extra loop filter
two VCO may entrain
too many moving parts

FREQUENCY DETECTOR
advantages
simple
no external reference clock
two loop filters can merge

problems

need frequency detector
which tolerates data

need frequency detector
which toleratesjitter



Simplified M odel while in Phase-L ock
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In lock the frequency
differenceis ZEROQO!

So the frequency
detector can be
neglected

Thisleavesjust avery
simple model of the
phase-locked loop.



Simplified M odel while in Phase-L ock
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Simplified M odel while in Phase-L ock
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Simplified Modéel while in Phase-L ock
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SONET OC-48 Jitter Specifications

50 to 80% eyeclosure — want bandwidth high
Tolerance 0.15UlI at baud/2500

Transfer  0.1dB peak

max bw = baud/1250 — > want bandwidth low

Generation 0.01Ul_rms — want bandwidth high
0.1Ul _pp or

low phase noise VCO

nasty trade-off between nasty tradeoff between
tolerance and transfer generation and transfer

Conclusion: must control jitter bandwidth
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SONET Regenerator: two loops
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SONET Regenerator for OC-192 SONET Regenerator for OC-192
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Delay- and Phase-L ocked L oop

A 155-MHz Clock Recovery Delay- and
Phase-Locked Loop

Thomas H. Lee. Member, I[EFE, and John F. Bulzacchelli, Sredent Member, IEEE

|EEE JSSC vol. SC-27, pp.1736-1746, Dec 1992 l

Absiraci=—Thiz paper describes a completely monolithic de-
lay-bocked loop {DLL) that may be wsed either by itsell as a I'l:’ﬂ....
deskewing element, or in conjunction with an external voltage-
comtrolled crystal oscillator (VCXCH to form a delay- and phase-
lecked loop (D/PLL). By phase shifting the input data rather
than the clock, the DLL and IV PLL provide jitter-peaking-free
clock recovery, Additionally, the jitter transfer function of the
PLL has a low bandwidth Ter pood jitter fltering wilhaoui
compromising acquisition speed. The DVPLL described here ex- T red
hibits less than 17 rms jitter on the recovered clock, indepen- o g, -‘Rﬁﬁ
dent of the input daln density, Ne jitter peaking is observed (r5r DLL mode) o Retimed
over the #i-kHz jitter handwidih. ata

Fig. 7. Block diagram of DLL and D/PLL.
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Delay- and Phase-L ocked L oop
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Delay- and Phase-L ocked L oop

THEORY OF OPERATION

The Delay- and Phase-L ocked loop circuit for clock
recovery and dataretiming from an NRZ encoded data
stream. The phase of the input data signal istracked
by two separate feedback |oops which share acommon
control voltage. A high speed delay-locked loop path
uses avoltage controlled phase shifter to track the high
frequency components of input jitter. A separate fre-
guency control loop comprising the vco tracks the low
frequency components of input jitter. Theinitia fre-
guency of thevco isset by yet athird loop which
comparesthe vco frequency with an external reference
frequency and sets the coarse tuning voltage. Thejit-
ter tracking phase-locked loop controls the vco by the
fine tuning control.

The delay- and phase- loops together track the phase
of the input datasignal. For example, when the clock
lags data, the phase detector drives the vco to higher
frequency, and al so, increases the delay through the
phase shifter: these actions both serve to reduce the
phase error between the clock and data. The faster
clock picks up phase while the delayed data loses
phase. Sincetheloop filter is an integrator, the static
phase error will be driven to zero.

Another view of the circuit is that the phase shifter
Implements the zero required for frequency compensa-
tion of a second order phase-locked loop, and this zero
is placed in the feedback path and thus, does not
appear in the closed-loop transfer function. Jitter
peaking in an ordinary second order phase-locked loop
Is caused by the presence of this zero in the closed-
loop transfer function. Sincethiscircuit hasno zero
in the closed-loop transfer, the jitter transfer function
iscompletely free of jitter peaking.

The delay- and phase- 10ops together simultaneously
provide wide-band jitter accomodation and narrow-
band jitter filtering. The linearized block diagramin
Figure 4 shows the jitter transfer function , Z(s)/X(s),
isasecond order low pass providing excellent filter-
ing. Notethejitter transfer has no zero, unlike an ordi-
nary second order phase-locked loop. This meansthe
circuit has fundamentally no jitter peaking, see Figure
5. Complete absence of peaking makes this circuit
ideal for signal regenerator applications where jitter
peaking in a cascade of regenerators can contribute to
hazardous jitter accumulation.

The error transfer, e(s)/X(s), has the same high pass
form as an ordinary phase-locked loop. This transfer
function is free to be optimized to give excellent wide-



Delay- and Phase-L ocked L oop

band jitter accomodation since the jitter transfer func-
tion, Z(s)/X(s), provides the narrow-band jitter filter-
ing.

The delay- and phase- loops contribute to overall jitter
accomodation. At low frequencies of input jitter on
the datasignal, the integrator in the loop filter provides
high gain to track large jitter amplitudes with small
phase error. In this case the vco is frequency modu-
lated and jitter istracked as in an ordinary phase-
locked loop. The amount of low frequency jitter that
can be tracked isafunction of the vco tuning range. A
wider tuning range gives larger accomodation of low
frequency jitter. Theinternal loop control voltage
remains small for small phase errors, so the phase
shifter remains close to the center of its range and thus
contributes little to the low frequency jitter accomoda-
tion.

At medium jitter frequencies, the gain and tuning
range of the vco are not large enough to track input jit-
ter. Inthis case the vco control voltage becomes large
and saturates and the vco frequency dwells at one or
the other extreme of itstuning range. The size of the
vco tuning range, therefore has only a small effect on
the jitter accomodation. The delay-locked loop con-
trol voltage is now larger, and so the phase shifter

takes on the burden of tracking the input jitter. The
phase shifter range, in Ul, can be seen asabroad pla-
teau on the jitter tolerance curve . The phase shifter
has a minimum range of 2UI at all datarates.

The gain of the loop integrator is small for high jitter
frequencies, so that larger phase differences are
needed to make the loop control voltage big enough to
tune the range of the phase shifter. Large phase errors
at high jitter frequencies cannot be tolerated. Inthis
region the gain of the integrator determines the jitter
accomodation. Since the gain of the loop integrator
declineslinearly with frequency, jitter accomodationis
lower with higher jitter frequency. At the highest fre-
guencies, the loop gain is very small, and little tuning
of the phase shifter can be expected. Inthiscase, jitter
accomodation is determined by the eye opening of the
Input data, the static phase error, and the residual loop
jitter generation. The jitter accomodation is roughly
0.5Ul inthisregion. The corner frequency between
the declining slope and the flat region is the closed
loop bandwidth of the delay-locked loop, which is
roughly 3MHz .
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ANALOG DEVICES PROPRIETARY
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Jitter Peaking

ANALOG DEVICES PROPRIETARY
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FIGURE 3
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