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Resumo - Este trabalho estuda o impacto dos picos de ruido
nos sincronizadores de simbolo sequencial.

Distinguimos duas variantes de sincronizadores guséo: a
gque processa ambas as transi¢cdes de dados e a puEessa
apenas a transi¢cdo positiva dos dados. Em cada uma,
consideramos duas versGes nomeadamente a manual e a
automatica.

O objectivo é estudar, nos varios sincronizadores, saida de
jitter UIRMS (Unidades Intervalo da Raiz Média
Quadratica) versus a entrada SNR (Relagdo Sinal Rdd).

Palavras chave: Sincronismo em Sistems de Comunidess

Abstract - This work study the impact of the noise spikesn
sequential symbol synchronizers.

We distinguish two synchronizers variants which arethe
one that processes the both data transitions and ¢hone that
process only the positive data transition. In eaclone, we
consider two versions namely the manual and the aomnatic.

The objective is to study the various synchronizersutput
jitter UIRMS (Unit Interval Root Mean Square) versus the
input SNR (Signal to Noise Ratio).

I. INTRODUCTION

This work study the impact of the noise spikes on
sequential symbol synchronizers.

The sequential symbol synchronizer has a phasetdete
with intern memory, then the output depends ofitipait
and also of the state [1, 2, 3, 4, 5].

So, the noise spikes conduct to the error statetlaisd
contributes also to the output jitter increasing 16 8, 9,
10].

To understand the issue, we present two variaatagly
the both data transitions and the positive datssitian. In
each variant, we consider the manual version aed th
automatic version [11, 12, 13].

Fig.1 illustrate as the noise spikes conducts ystem to
the error state, what increases the output jitter.
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Fig.1 Contribution of the error state to the jittecreasing

The output Pv with jitter depends of the input yifsl
corrupted by noise) and also of the flip flop st@ehat
can be correct QC or erroneous QE. So, the erreneou
state QE contributes extensively to the outpigritt

The variable pulse Pv must be compared with the
reference pulse Pf that correspond to the equilibri
point.

The width of pulse Pf determines the width of Pt
equilibrium point, that corresponds to the correct
sampling.

The waveforms show the input signal to be processed
normally in the correct state QC and only duringe on
period T to be processed in the error state QE.

Following, we present the variant of both data gitons
with its versions manual and automatic.

Next, we present the variant of positive data fttars
with its versions manual and automatic.

After, we present the design and tests.

Then, we present the results.

Finally, we present the conclusions.

II.BOTH TRANSITIONSSYNCHRONIZERS

The synchronizers of both data transitions uses the
synchronism information of both data transitionegjtive

and negative). These synchronizers make a pulse
comparation (variable pulse Pv and fixe pulse P§li the
data transitions [5].

A. Both transitions synchronizers - manual

This synchronizer uses both data transitions aedixied
pulse Pfis produced with previous manual adjusbithe
delayAt=T/2 (Fig.2).
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Following figure shows the waveforms that illustraie Fig.5 Waveforms of the automatic both transitiocsexf/-a)
operation mode of this synchronizer (Fig.3).

The variable pulse Pv begins and occurs at diffeiame
of the fixed pulse Pf. The difference area is theore
1 0 0 0 1 1 . . . "
0 . : : . L0 signal. Two flip flops contributes to the jitter.
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III.POSITIVETRANSITIONSSYNCHRONIZERS

: the synchronism infonation of the positive data
Pé § E transitions. These synchronizers make a pulse
Qo

. § ; ' comparation (variable pulse Pvp and fixe Pfp) anlyhe
DR 0 1 o 0 U 1 1 |o

positive data transitions [5].
Fig.3 Waveforms of the manual both transitions)¢se) A. Positive transitions synchronizer - manual

This synchronizer uses only the positive data ttiams

The variable pulse Pv begins and occurs at the fiamee  and the fixed pulse Pfp is produced with previowsual
of the fixed pulse Pf. The difference area is the error gqjysting of the delagt=T/2 (Fig.6).

signal. Only one flip flop contributes to the jitte
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B. Both transitions synchronizer - automatic [ [ Ko
This synchronizer uses both data transitions ard th : — — -

fixed pulse Pf is produced automatically by theosecflip Fig.6 Manual positive transition synchronizer (gea)
flop (Fig.4).
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Following figure shows the waveforms that illustrabhe
operation mode of this synchronizer (Fig.7).

Fig.4 Automatic both transitions synchronizer (sej

The phase comparator inputs (input and VCO) aré bot
digital. The output is function of the input andtst

Following figure shows the waveforms that illustraihe 5 @
operation mode of this synchronizer (Fig.5). A ' D
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Fig.7 Waveforms of the manual positive transitigeqvp-m)
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The variable pulse Pvp begins and occurs at thee samothers dependent parameters. So, the normalizezk clo

time of the fixed pulse Pfp. The difference arethéserror
signal. Only one flip flop contributes to the jitte

B. Positive transitions synchronizer - automatic

This synchronizer uses only the positive data ttiams
and the fixed pulse Pf is produced automaticallythy
second flip flop (Fig.8).
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Fig.8 Automatic positive transition synchronizeedqvp-a)

The phase comparator inputs (input and VCO) aré bot
digital. The output is function of the input andtst

Following waveforms show the operation mode of the
automatic sequential digital synchronizer (Fig.9).
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Fig.9 Waveforms of the automatic positive tramsit{seqvp-a)

The variable pulse Pvp begins and occurs at differe
time of the fixed pulse Pfp. The difference arethéserror
signal. Two flip flops contributes to the jitter.

IV. DESIGN,TESTSAND RESULTS

We will present the design, the tests and the testithe
referred synchronizers [6].

A. Design

To get guaranteed results, it is necessary to diroerall
the synchronizers with equal conditions. Then it is
necessary to design all the loops with identiaadirized
transfer functions.

The general loop gain is KI=Kd.Ko=Ka.Kf.Ko where Kf
is the phase comparator gain, Ko is the VCO gathka
is the control amplification factor that permitettesired
characteristics.

For analysis facilities, we use a normalized trarsion
rate tx=1baud, what implies also normalized vafoeshe

frequency is fCK=1Hz.

We choose a normalized external noise bandwidth=Bn
5Hz and a normalized loop noise bandwidth Bl = BlD2
Later, we can unnormalize these values to the apiated
transmission rate tx.

Now, we will apply a signal with noise ratio SNR/gn
by the signal amplitude Aef, noise spectral densityand
external noise bandwidth Bn, so the SNR %/No.Bn).
But, No can be related with the noise variamre and
inverse sampling At=1/Samp, then No=&h’AT, SO
SNR=A%{(20n°.A1.Bn) = 0.3/(20n**10"**5)= 25/on.

After, we observe the output jitter Ul as functiohthe
input signal with noise SNR. The dimension of theds is

- 1* order loop:
The loop filter F(s)=1 with cutoff frequency 0.5Hz
(Bp=0.5 Hz is 25 times bigger than Bl=0.02Hz) ehates

only the high frequency, but maintain the loop
characteristics.
The transfer function is
G(s KdKoF(s KdKo
H(g=—CO) _ ® 1)
1+G(s) s+KdKoF(s) s+KdKo

the loop noise bandwidth is

Bl = KCLKO ~kak™®C _0ooHz @

Then, for the analog synchronizers, the loop badtiwis
BI=0.02=(Ka.Kf.Ko)/4 with (Km=1, A=1/2, B=1/2; Ko=8)
(Ka.Km.A.B.Ko)/4 = 0.02 -> Ka=0.08*2/ 71 3)

For the hybrid synchronizers, the loop bandwidth is
Bl=0.02=(Ka.Kf.K0)/4 with (Km=1, A=1/2, B=0.45; Ko=8)
(Ka.Km.A.B.Ko)/4 = 0.02 -> Ka=0.08*2.2/ 1 4)

For the combinational synchronizers, the loop badtiw
is
BI=0.02=(Ka.Kf.Ko)/4 with (Kf=1ft Ko=2m)
(Ka*1/7t27)/4 = 0.02 -> Ka=0.04 (5)
For the sequential synchronizers, the loop bandwilt
BI=0.02=(Ka.Kf.Ko)/4 with (Kf=1/2t Ko=2m)

(Ka* 1/27# 27914 =0.02 -> Ka=0.08 (6)

The jitter depends on the RMS signal Aef, on the/gro
spectral density No and on the loop noise bandvidith
For the analog PLL the jitter is

o =Bl.No/Aef*=BlI.2.on*.AT/Aef?=0.02*20n**107%/0.5
=16*10°.0n°

For the others PLLs the jitter formula is more

complicated.

- 2" order loop:
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The second order loop is not shown here, but theltse
are identical to the ones obtained above for ttst éirder
loop.

B. Tests

Fig.10 shows the setup that was used to test theusa
synchronizers.
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Fig.10 Block diagram of the test setup

The receiver recovered clock with jitter is comphveéth
the emitter original clock without jitter, the diffence is
the jitter of the received clock.

C. Jitter measurer (Meter)

The jitter measurer (Meter) consists of a RS flipf
which detects the random variable phase of thevered
clock (CKR), relatively to the fixed phase of thenitter
clock (CKE). This relative random phase variatisrthe
recovered clock jitter (Fig.11).
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Fig.11 The jitter measurer (Meter)

The other blocks convert this random phase variatito
a random amplitude variation, which is the jitter
histogram.

Then, the jitter histogram is sampled and procebyesh
appropriate program, providing the RMS jitter arne t
peak to peak jitter.

D. Results

We will present the results (output jitter UIRMSnput
SNR) for the four sequential symbol synchronizers.
Fig.12 shows the jitter-SNR curves of the synctrers:
both transitions - manual (seqv-m), both transgion
automatic (seqv-a), positive transition - manuabg-m)
and positive transition - automatic (seqvp-a).
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Fig.12 Jitter-SNR curves of the four synchroni@ers,b-a, p-m,p-a)

We verify, that generally the output jitter UIRMS
diminishes exponentially with the input SNR incliegs

For high SNR, the four curves tend to be simil#énaigh
with a small disadvantage of the positive transitio
automatic (seqvp-a). However, for low SNR the both
transitions - manual (seqv-m) is the best, folloveédhe
positive transition -manual (seqvp-m) and the both
transitions - automatic (seqv-a) and the positraadition
- automatic (seqvp-a) are the worst and similar.

V. CONCLUSIONS

We studied four sequential symbol synchronizersaia
the both transitions - manual (seqv-m), both ttéonss -
automatic (seqv-a), positive transition - manuabg-m)
and positive transition - automatic (seqvp-a).

We tested their output jitter UIRMS versus inptitFs

We observed that, generally, the jitter diminishémost
exponentially with the SNR increasing.

We verified, that for high SNR, the jitter of theuf
synchronizers are similar, although with a litle
disadvantage of the positive transition - automegexvp-
a), this is comprehensible since it has two fligpi and
stays more time in the error state until the nextexction
transition.

However, for low SNR, the both transitions - manual
(seqv-m) is the best since only one flip flop cidmites to
the error state and the time in the error stalesiser. After
is the positive transition - manual (seqvp-m) simcdy
one flip flop contributes to the jitter but the #nin the
error state is greater (two times). At last are tive
automatic versions (seqv-a, seqvp-a) since theg haw
flip flops that contributes to the jitter and arinigar.
Anyway, the last is still aggravated by the moneetiin the
error state.
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