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Resumo - Os sistemas de comunicacdo tém dois diferentes

tipos, nomeadamente o tipo sincrono e o tipo assfono.

No tipo sincrono os relégios emissor e receptor &st em
perfeito sincronismo, por isso eles sdo rigorosameniguais e
dependentes.

Contudo, no tipo assincrono os relégios emissor eaeptor ndo
estdo em perfeito sincronismo, por isso eles poderser
ligeiramente diferentes e independentes.

O nosso principal objectivo séo os sistemas de alealocidade,
por isso aqui, nés evidenciamos os sistemas sinaosen

Palavras chave: Sincronismo em Comunicacgdes Digitais

Abstract - The communication systems has two different types,
namely the synchronous type and the asynchronousps.

In the synchronous type the emitter and receiver ocks are in
perfect synchronism, therefore they are rigorouslyequals and
dependents.

However, in the asynchronous type the emitter andeceiver
clocks are not in perfect synchronism, therefore tey can be
slightly different and independents.

Our main objective are the high speed communicatiosystems,
therefore here, we evidence the synchronous systems
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[. INTRODUCTION

The communication systems has two different trassion
types, witch are the synchronous mode and the hsynous
mode.

In the synchronous transmission mode all the trétiesin
bits are part of the information block. and therefdhe
transmission efficiency is 100%.

However, in the asynchronous transmission modalhtte
transmitted bits are part of the information blaikce the
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Fig.1 Synchronous emission (a), asynchronous eonigbi

So, in the synchronous mode, with 8 bits word béocke
efficiency is 8/8= 100%. In the asynchronous modkh the
more two bits start and stop the efficiency is 848= 80%.

In the two cases, the efficiency can be reducednwhe
transmission coding (3B4B, etc) and encryptingsisdi

In the synchronous case the receiver clock is emwul/with
phase and frequency feedback of all informatios. bit

Whereas, in the asynchronous case only the staadhists
the receiver clock phase, staying after in its ofwee
frequency. The stop bit in the block end make fssi
disadjustments.

After, we present with more details, the synchrenand
asynchronous systems and its operation modes..

Then, we show the function of the synchronizer lockc
recovery in a synchronous system.

Finally, we present the main conclusions.

[I. SYNCHRONOUSAND ASYNCHRONOUSTYPES

We go firstly present the general aspect of the two
communication systems, witch are the synchronoustha
asynchronous type.

After, we give special emphasis and developmenth®
synchronous type due to its bigger efficiency and
consequently higher transmission speed for the same
operation frequency [4].

A. Synchronous system

start and stop bits must be added and therefore thein the synchronous operation mode, the emitterrandiver

transmission efficiency is lesser than 100%.

2ya-UBl

clocks are phase and frequency dependents.

Here, in the receiver there is a synchronizer arcicl
recovery that extracts a similar version of the temniclock.
This receiver clock, similar with the emitter cloé& used to
sample and process the incoming data, see follofignge



RECEIVEE

=3
P

(a) Emitter local oscilator

3ynchronizer
(Clock Recover)

Detector of

Phase / Frequency
(b) Synchronizer (Clock Recover)

Fig.2 Synchronous communication system

The emitter and receiver oscillators don’'t needhéoequals
receiver synchronizer has the phase anpiy

because the
frequency observation capacity to obtain a cloclpénfect
synchronism with the received data.

B. Asynchronous system

In the asynchronous communication mode the eméthel
receiver clocks are phase and frequency indepesident

However, there is a local mechanism that usesttré and
stop bits to adjust the local oscillator phase. @dlewing
figure
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Fig.3 Asynchronous communication system

The emitter oscillator (a) and receiver oscillaoy are the
most equal possible.

The receiver oscillator has an input control touatjits
phase in the stop bit and restart correctly in skt bit.
After, it oscillates freely in the information bitdock. There
is no synchronism problem if the phase error isdeghan
180°.

Ill. AGENERALSYNCHRONOUSSYSTEM

Here, we present the synchronous system due tagtger
efficiency in terms of transmission speed [4].
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Fig.4 Synchronous system with its synchronizer

The synchronizer is a little part or block of thaehronous
system.

We develop the synchronizer because its qualitgrdenes
in good part the final performance of the globadteyn.

IV. FUNCTIONSOFTHE SYNCHRONIZER

The synchronizer takes the received data with adtgon
and distortion giving back the emitter original al&rmat.

The synchronizer has two distinct functions witcle a
optimizing the data sampling with minimum bit errate and
retiming correctly the signal [4].
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Fig.5 Correct sampling (a) and correct retiming (b)

The correct sampling minimizes the bit error rateRBand
the correct retiming returns the original data citation of
one period 1T. synchronism problem if the phasereis
lesser than 180°.

V. SYNCHRONIZERCOMPOSITION
The synchronizer can be composed of three fundadsent

blocks witch are the clock recovery, the phaseemor and
the decisor [4].

Decisor

Limiter
DECH D&
T DD BYNCHROHNIZER W DI_Q
Signal i T e Signal
+ : : +
Moise DT i CK Disadjust

Fig.6 Synchronizer block diagram

The clock recovery gets a signal clock similar witte
emitter one, the phase corrector corrects the ghtdse and
the decisor samples the incoming data in the maxireye
opening.

VI. SYNCHRONIZERCLASSES

The synchronizer can be characterized accordingethr
different classes witch are: open loop (ol), mixedp (ml)
and closed loop (cl) [4].
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Fig.7 Open loop (a), mixed loop (b) and closed Ip

In the open loop all the blocks are outside ofltiug, in the
mixed loop there are some blocks inside of the laogd
others outside and in the closed loop all the Idamde inside
of the loop. As we know the loop improves the syoalzer
performance.



A. Open loop

The following figure shows the synchronizer thairesents
the open loop class [1, 2].

Fig.8 Open loop

All the blocks are outside of the loop. Then, isia any
benefit of the loop.

B. Mixed loop

The following figure shows the synchronizer thairesents
the mixed loop class [3].

Fig.9 Mixed loop

There are some blocks inside and others outsidieeolbop.
Then, it has some benefit of the loop.

C. Closed loop

The following figure shows the synchronizer thairesents
the closed loop class [4].

Fig.10 Closed loop

All the blocks are inside of the loop. Then, it heagotal
benefit of the loop.

VII. TESTS,DESIGNAND RESULTS

We go present the tests, the design and the resulise
mentioned synchronizers [5].

A. Tests

The following setup was used to test the different
synchronizers.
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Fig.11 Block diagram of the test setup

The receiver recovered clock is compared with tmétter
original clock, producing the received clock jitter

B. Design

To have guaranteed results is necessary to dinreasithe
synchronizers with equal conditions. Then is nemgsso
design all the loops with identical linearized ®#ar
functions.

The loop gain is Kl=Kd.Ko=Ka.Kf.Ko where Ka is the
control amplification factor, Kf is the phase comgtar gain
and Ko is the VCO gain.

For analysis facilities, we use a normalized tragsion rate
tx=1baud what implies also normalized values fer dthers
dependent parameters. So, the nominal clock freyuén
fCK=1Hz.

We choose an external noise bandwidth Bn = 5Hz and
loop noise bandwidth Bl = 0.02Hz.

Now, we will apply a signal to noise ratio SNR tethwith
the signal Aef, noise spectral density No and ewtienoise
bandwidth Bn as follow SNR =%/(No.Bn). But No can be
related with the noise varianaen and inverse sampling
At=1/Samp, then No=?.At, so SNR=A./(20n’.A1.Bn) =
0.5%(20n*107*5)= 25/on°.

- 1% order loop:

The loop filter F(s)=1 with cutoff 0.5Hz (Bn=0.5Hg 25
times bigger than BI=0.02Hz) eliminates only theghhi
frequency, but maintain the loop characteristics.

The transfer function is

G(s) KdKoF ) KdKo
H(s) = = = 1)
1+ G(s) s+KdKoF €) s+KdKo
the loop noise bandwidth is
Bl = K‘iKO = kaXTKO _ 5 0211z = 0,021z @
Then, for open loop, the bandwidth filter
Br =Bl =0.02Hz (3)
For mixed loop
Br =Bl =0.02Hz
Bl =0.02= KaKfKo / 4,
4)

Kf =KmAB=1x0.5x 0.5= 0.25K & 2

Kax0.25x 27 /4= 0.02Z1 Ka= 0.08/%2



For closed loop
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- 2" order loop:
The second order loop is not considered here,Hautdsults
are similar with the ones obtained above.

We present synchronizer results that represent eaehof
the three refereed classes: open loop (ol), mioep I(ml)
and closed loop (cl).
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Fig.12 Jitter curves of the synchronizers (dl,af)

We verify that if the open loop bandwidth Br is afjto the
mixed loop noise bandwidth, then the jitter noiseves are
identical.

The jitter-noise curve of the mixed loop, with saBrand
Bl, is slightly better than the others due to itplé tuning Br
and Bl.

VIIl. CONCLUSIONS

We saw that the synchronizers communication systeaus
better efficiency than the asynchronous one, safictne bits
are information bits.

We studied 3 synchronizer classes namely the opep |
(ol), the mixed loop (ml) and the closed loop (&g verify
that with the same bandwidth Br or same loop noise
bandwidth Bl all them have similar jitter-noise ces.

The mixed loop synchronizer (ml) possesses a $fight
advantage over the others due to its duple turfirgily the
filter Br and after the own loop Bl.



