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Wave and Symbol Synchronizers
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Resumo - Neste artigo apresentamos quatro sincronizadores
de onda e quatro sincronizadores de simbolo: anali@g,
hibrido, combinacional e sequencial. Todos eles séa classe
malha fechada.

Os sincronizadores de onda estdo vocacionados pase
sincronizarem com ondas ou sinais de fase determitica.

Os sincronizadores de simbolo estdo vocacionadosrpae
sincronizarem com simbolos ou sinais de fase aleaf)

O principal objectivo é estudar e comparar a perfomance
dos diferentes sincronizadores de onda e de simbolo

Palavras chave: Sincronismo em Comunicagfes Digitai

Abstract - In this paper we present four wave synchronizers
and four symbol synchronizers: analog, hybrid,
combinational and sequential. All them are of thelass closed
loop.

The wave synchronizers are vacated to synchronize thi
waves or signals with deterministic phase/ transitin.

The symbol synchronizers are vacated to synchronizaeith
symbols or signals with random phase/ transition.

The main objective is to study and compare the
performance of the different wave and symbol synchumizers.
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The loop filter capts the DC voltage and eliminaties
high frequencies.

The VCO is an oscillator controlled by voltage.

The great difference between the various syncheogiis
inside the signal comparator. The others blocks are
identical.

Firstly, we present the four wave phase lock loog a
four symbol phase lock loop synchronizers (ana, ¢rifb,
seq) then, we show the design, tests and resthssame
comparisons [1, 2, 6, 7, 8].

Finally, we present the main conclusions.

IIl. WAVE SYNCHRONIZERTYPES

First we present the four wave synchronizers: tiadaa,
the hybrid, the combinational and the sequentilal [3

A. Analog WPLL/ PLL

Fig.2 shows the analog PLL. The phase comparator is
based on a linear multiplier (ideal multiplier).
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Here, we present four wave phase lock loop WPLL or

only PLL and four symbol phase lock loop SPLL olyon
SLL.

Fig.1 shows the general block diagram of the cldsed
wave and symbol synchronizers [6, 7, 8].

Signal (Pha/Syrmy  (Symbol Lock Loop SLL)
Received | qiong) (\ﬁ;avf?}g;rtr;) ?mtplifi(c;ti)on %?top Voo
signal (x| omparater actor (Ka tlter (F(s) (Eo)
Recovered
clock (CE) Kl=Fd. Ko

Fig.1 General closed loop synchronizer

The closed loop wave and symbol synchronizer i

Fig.2 Analog phase synchronizer

The input signal and the VCO output at the phase
comparator are both analog.

B. Hybrid WPLL/ PLL
Fig.3 shows the hybrid PLL. The phase comparator is

based on a nonlinear multiplier (switch). In preetidue
to its simple implementation, this common multiplie

. CKR

composed by the signal (wave/ symbol) comparatoC

amplification factor, filter and VCO.

frequently used.
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The wave/ symbol comparator compares the VCO phase

with the one of the input signal.
The amplification factor controls the loop charaistécs.

Fig.3 Hybrid phase synchronizer



The input signal is digital but the VCO output idls
analog.

C. Combinational WPLL/ PLL

Fig.4 shows the combinational
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The main input and VCO output are both analog at th
symbol comparator.

B. Hybrid SPLL/ SLL

PLL. The phase Fig.7 shows the hybrid type, in which the symbol

comparator is based on a XNOR gate. The XNOR iscomparator is composed by a XOR with delay followéd

equivalent to an ideal multiplier with limiters the two
inputs.
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Fig.4 Combinational phase synchronizer

The two phase comparator inputs are both digitdlitm
output is only function of the two inputs.

D. Sequential WPLL/ PLL

Fig.5 shows the sequential PLL. The phase compaisato
based on a RS Flip-Flop (edge-triggered) indicabgd
triangles in the two inputs. A RS Latch would beganted
without triangles.

Fig.5 Sequential phase synchronizer

The two inputs of the phase comparator are bothadlig

an analog multiplier or switch (real multiplier).

Fig.7 Hybrid symbol synchronizer

The main input signal is already digital but the @C
output is still analog at the symbol comparator.

C. Combinational SPLL/ SLL

Fig.8 shows the combinational type, in which thenlsgl
comparator is composed by a XOR with delay followéd
a digital demux.

Fig.8 Combinational symbol synchronizer

The symbol comparator inputs are both digital amsd it

but now its output depends simultaneously on the tw outputis only function of the two present inputs.

entries and the phase comparator state (memory).

IV. SYMBOL SYNCHRONIZERTYPES
In this section we recall the four symbol synchrens
[4]: the analog, the hybrid, the combinational ahe
sequential

A. Analog SPLL/ S L

Fig.6 shows the analog type, in which the symbol

comparator is composed by three analog multip(ieleal
multiplier) two for

comparison.

Fig.6 Analog symbol synchronizer

data transitions and one for

D. Sequential SPLL/ SLL

Fig.9 shows the sequential type, in which the symbo
comparator is composed by a XOR with a flip flop
(variable pulse Pv) and a XOR with a delay (fixadsp

Pf) [2].
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Fig.9 Sequential symbol synchronizer

The symbol comparator inputs are both digital badvn
its output is simultaneously function of the twoegent
inputs and also symbol comparator state (memory).

IV. DESIGN,TESTS AND RESULTS

A. Test setup



REVISTA DO DETUA, VOL. 4,N° 5, SETEMBRO 2005

C. Loop parameters design

cxE To establish guaranteed comparisons it is necegdsary
BF(S) synchronizer LR | eree PITER test all the synchronizers in equal conditions.

H H }7 We use a normalized transmission rate tx=1baud
(fo=1Hz) what facilitates the analyses and allows o
more easy extrapolation for other rhythms of tramsion.
We use an equivalent external noise bandwidth Brz=5H
for all SLL. For the closed loop symbol synchromize
SLL, we use a loop noise bandwidth BI=0.02Hz.

For analog SLL, the relation between signal toseoi
ratio SNR and jitter variancen is SNR=Aet/No.Bn=
Ac(20n%.AT.Bn)=(0.5§/(20n**10*5)=25/01?. This
relation is more complicated for the others symbol
synchronizers.

We will now present the loop parameters designtlier
various PLLs considering the first (1st) and theosel
order loop (2nd).

Fig.10 Block diagram of the test setup

Fig.10 shows the setup that we used to get the-jitdise
curves of the various synchronizers [5].

The signal to noise ratio SNR is given by Ps/Pneneh
Ps is the signal power and Pn is the noise powesy Gre
defined as Ps=4& and Pn=No.Bn=@,’At Bn. A is the
RMS amplitude, Bn is the external noise bandwidth,is
the noise power spectral density, is the noise standard
deviation andAt is the sampling period (inverse of
samples per unit time).

The prefilter is not used here, but can be useful i
systems with high noise quantities (PF(s)=1).

- 1% order loop:
B. Jitter measurer In the £ order loop, the filter F(s)=0.5Hz eliminates only
the high frequency, but maintain the loop charésties.
Fig.11 shows the jitter measur®iETTER) that consists of ~ This cutoff frequency F(s)=0.5Hz is 25 times higtiean
a RSflip-flop which detects the variable phase of the BI=0.02Hz. Then the transfer function of the 1stesris

recovered clockvCO) relatively to the fixed phase of the G(s) KdKo
emitter clock. H(s) = = 1)
This relative phase variation is the recoveredicjiter. 1+G(s) s+ KdKo
. g R é% o [ u . the loop noise bandwidth for the SLLs is
s nE EES Kdko _ _KfKo
CKE ‘ Bl = =Ka =0.02Hz (2)

4

so for the analog SLL with Km=1, A=1/2, B=0.45 we

The others blocks convert this phase variation mto  have

amplitude variation, which is the jitter histografig.12

shows the waveforms that illustrate the operatiaaenof

the jitter measurer. KaW =0.02Hz; Ka= 0.02;2 3)
4 T

Fig.11 The jitter measurer
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Fig.12 Waveforms at the jitter measurer KfKo 1/ 70277
Ka =K (/) =0.02Hz; Ka= 0.0<(5)
The jitter histogram is then sampled and procebseah 4

appropriated program giving the average m, jitemiance
in squared radians,?, jitter standard deviation in unit and for the sequential SLL (Kf=12we have
intervals root mean squared UIRMS and jitter stathda
deviation in unit intervals peak to peak UIPP.
We have used also others jitter measurers withlaimi KfKo @Q/2m2r
results Ka =Ka

' 4 4

=0.02Hz; Ka= 0.0¢(6)

This formulas are useful in synchronizers design



- 2"order loop:
1+sT2

sT1

H(s) = sKdKo(T2/T1)+KdKo /T1
s+ sKdKo(T2/T1)+ KdKo /T1

The transfer function with=(s) = is

_ sA+B
s + s28Wh +Wn?

and the loop noise bandwidth is

Bl =%(1+ ! j
2 4¢*

Taking €=1 and BI=0.02) and solving the above
equations we obtain for F(s)

®)

©)

1+s63
F(s)= 10
(s) 977 (10)
so for the analog SLL we have
1
Kd = KaKf =Ka(1)(1/2)(1/2)=—;
2r
11)
2.2
Ka=—
for the hybrid SLL we have
1
Kd = KaKf =Ka(1)(1/2)(0.45)~ 2—
T
(12)
Ka= 2_2
Vs
for the combinational SLL we have
1 1
Kd = KaKf =Ka—=—/; Ka=0.5 (13)
To2m
and for the sequential SLL we have
1 1
Kd =KakKf =Ka—=—; Ka=1 (14)

21 2T

This formulas can be used in others synchronizers.
D. Results

We studied the jitter-noise behavior of four wavel a
four symbol synchronizers namely the analog (amd)rid
(hib), combinational (cmb) and the sequential (seq)

Fig.13 shows the jitter-noise curves of the fourveva
synchronizers (ana, hib, cmb, seq).
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Fig.13 Curves of the wave synchroniz@sa, hib, cmb, seq)

We verify that generically the jitter Ul (UIRMS)
diminishes when the signal to noise ratio SNR iases.

For low SNR, the synchronizer without input limiter
(analog) tends to be advantageous over the othiis w
input limiter (hybrid, combinational, sequential).
However, for high SNR, the synchronizer withoutuhp
limiter (analog) is disadvantageous over the otlveth
input limiter (hybrid, combinational, sequential).

Fig.14 shows the jitter-noise curves of the foumbkyl
synchronizers (ana, hib, cmb, seq).

0.035 q

SPLL / SLL

0030 1

1;3 SHR ZID
Fig.14 Curves of the symbol synchronizers (ana, ¢rnb, seq)

We verify that generically the jitter Ul diminishegen
the signal to noise ratio SNR increases.

For low SNR, the synchronizer without input limiter
(analog) tends to be advantageous over the othiis w
input limiter (hybrid, combinational, sequential).

However for high SNR the synchronizer without input
limiter (analog) is disadvantageous over the otlveth
input limiter (hybrid, combinational, sequential).

VI. CONCLUSIONS

We studied four wave and four symbol synchronizers
types namely the analog (ana), hybrid (hib), comtxmal
(cmb) and sequential (seq).

In the synchronizers (ana, hib, cmb, seq) we vetit
for low SNR, the synchronizer without input limiter
(analog) is advantageous over the others with ilipiter
(hybrid, combinational, sequential). This is
comprehensible because the limiter provokes rangiae
commutations with noise spikes. However for highRSN
the synchronizer without input limiter is disadvagegous
over the others. This is comprehensible becauskntiter
noise margin ignores low noise spikes.
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The sequential synchronizer is disadvantageoudofer
SNR due to its memory, but this problem can
minimized with a prefilter.
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