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PLL synthesizer

The PLL (Phase Locked Loops), as it is well known
[1], could be used on two ways, depending on whether the
output is an error voltage, which is used for regulation of
the voltage controlled oscillator (VCO), or the output is the
signal itself (voltage) generated by the VCO. In the first
case, it has been used for FM signal detection [2], since the
error voltage has the shape of the modulating signal. The
second important usage of the PLL, in frequency synthesis,
has been enabled by the fact that frequency of the signal
generated by the VCO is equal to the frequency of the
referential signal, and its phase shift is clearly defined in
relation to the phase shift of the referential signal. This
kind of synthesizers with usage of just one quartz crystal
and programmable (frequency) divider enables (practical)
realization of highly stable frequencies [3] within a given
frequency range, with the given frequency raster or step.
They have been used in redlization of highly stable
generators of carrying frequencies at transmitters, as well
asinlocal oscillatorsin radio and TV receivers.

The mostly used PLL in frequency synthesisis given
in Fig.l. It consists of the following fundamental
components (pieces): phase detector (FD), loop filter (NF),
voltage controlled oscillator (VCO), and frequency divider
(N).Afterwards the circuit synchronization the following
condition is fulfilled f, = f;,, therefore the synthesizer

output frequency is

fout = Nfin . @)

If variation of f, is required within a given range,
then the dividing factor in the feedback branch N of the
PLL circuit has to be changed from Ny, 10 Npjax -
Although the PLL synthesizer either with variable or
constant dividing module is one of the mostly used
synthesizers, it has a serious disadvantage. Namely, in
order to create a period of the divider's output signal,
which together with referential signal in FD creates the
error voltage, it is necessary n VCO periods to elapse,
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which means that during al this time the VCO is out of
control.
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Fig. 1. Block diagram of PLL synthesizer

A solution that resolves this disadvantage is usage of
look-up tables, Fig. 2.
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Fig. 2. PLL frequency synthesizer with look-up tables

As stated, the continuous phase divider considered
here is based on look-up table. Suppose that the range of
required frequenciesisfrom f i, t0 fia , Where
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The look-up tables, Fig.2. store Npax — Nmin
vectors of numbers, where each vector belongs to one of
the required frequencies. The length of vector which
belongsto the frequency f = Nf ¢ IS

fmin = Npin fref ) fmax = Npax fref .

n=N/p (p=12..,N/2) (3)

and it contains m samples of one period of the reference
signal. After m periods of the VCO, the process is



repeated, and thus the phase of the VCO is divided almost
continuously by N. Obviously, for the case when
p=1 (n=N), the obtained approximation is the best
one.

A typical solution for resolving this problem is usage
of look-in tables [4], in which are memorized samples of
the sinusoidal function with n discrete values, while the
number of discrete valuesis equal to the wanted module of
the divider. One discrete value is read from the memory in
every VCO period, afterwards it is sent to the D/A
converter and then to the phase detector where together
with referential voltage gives the regulating (control)
voltage influencing VCO [4]. Subsequently, loop reaches
the stable state faster (for less period of time), and it
remains under control of the phase detector al the time by
the end of the stable state.

In this paper, a hardware solution for generating
sinusoidal function in samples instead of the look-in tables
and D/A converters is proposed [5], on this way all
advantages of the synthesis given in [4] are kept

(preserved). The proposed solution is suitable for
integration, resulting in the new integrated PLL
synthesizer.

Realization of the divider asa sinusoidal waveform
gener ator

The operational amplifier gain as well as the descrete
sinusoidal function, i.e. sin(2xfgAtk), are regulated by
resistors [2], where k is the serial number of the sample
within a VCO period, and At is duration of a sample.
Variable gain of the operational amplifier is attained by a
set of resistors, whereby only one of the resistors is
switched on in the circuit at a moment of time, and stays
switched on for the period of time At. The resistors are
switched on by a switch (chopper), and their operation is
controlled by the control logic

Uz (t) = Asin(2f 1)Uy . 4

Discretization of this function is performed on the
way that katis introduced instead of t, where k is the
serial number of the sample, on that way the signal in the
descrete number of pointsisobtained i.e.

Up(t) = AsinkA6U; , (5)

where

A0 =2afgAt At:i.
nfo
Realization of (5) could be performed by the circuit
givenin Fig. 3. The output signal of thiscircuit is

R

UZZAU]_ZQU]_,'(:].,Z...H. (6)

If we suppose that U, isaconstant voltage equal to
one (U; =1), then

Uz:%,kz],z...n , (7)
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where R, is the seria number of the resistor which is
switched on in the curcuit. The negative half-period of the
sinusoudal function is achived by an AND circuit, i.e. by
the input signal of the opposite polarity.
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Fig. 3. The network of resistors for realization of a discrete signal

Table 1. Values of resistors

0[] | Sin6y | RkQ] | Ry | Rz | Rs | Ry | Rs | Rg
7.5 0.130 | 76923 | 1 0 0 0 0 0
225 10383 | 26110 | O 1 0 0 0 0
375 | 0608 | 16447 | O 0 1 0 0 0
525 | 0.793 | 12610 | O 0 0 1 0 0
675 | 0924 | 10882 | O 0 0 0 1 0
825 | 0991 | 10091 | O 0 0 0 0 1
975 | 0991 | 10091 | O 0 0 0 0 1
1125 | 0.793 | 10822 | O 0 0 0 1 0
1275 | 0.793 | 12610 | O 0 0 1 0 0
1425 | 0.608 | 16447 | O 0 1 0 0 0
1575 | 0.383 | 26.110 | O 1 0 0 0 0
1725 | 0130 | 76923 | 1 0 0 0 0 0

Values of the resistors R, from the previous

expressions are;
R

Ry _m,k_],z...n, 6)
360° o .

where A0 = and n — the number of points in which

n
discretization of the function is performed. In Table 1
value “1” means that the resistor is switched on, while “0”
means that the resistor is switched off.

Thenew PLL synthesizer
The new PLL frequency synthesizer with the

continuous phase divider is shown in Fig. 4. The output
signal from the voltage controlled oscillator is used for



triggering of the sinusoidal waveform generator in which
n samples of the sinusoida waveform are actually
generated, whereby n is the number of discrete points
equa to the dividing module. By this redization, one
sampled value of the sinusoidal function is generated
within every VCO period and sent to the phase detector.

This alows presence of the both signals in the phase
detector starting from the first VCO oscillation period,
which subsequently causes faster reaching of the stable
state. Additionally, the system is permanently controlled
by the voltage from the phase detector.
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Fig. 4. The new PLL synthesizer
] . o points, and in the table we don’t start with “ 0°”, but with
In the real implementation, variation of the

operational amplifier gain has to be realized by progressive
turning switches (choppers) on from the first one to the last
one. In Table 2. are given values for gy, and singy, as
well as values of the resistors needed for generating of the
resistor network output signal, based on samples, in the
case that discretization of the sinusoidal function is
performed in 24 points, which subsequently means n=24
and A0 =15

By (9), and for R=10k, value of the resitor R, is
calculated. That resistor is turned on in the circuit within
the period of time At and refers to the k —th sample of
the discretized sinusoidal function. On this way, discrete
values of the sinusoidal function are realized for a quarter
of the half-period (0— 7 /2). For the second quarter of the
half-period (/2 ) the switches has to be progressively
turned off from the last one to the first one. The negative
half-period is realized by repeating the previous procedure
with turning the switch S, on, whereby the input DC

voltage U; is now inverted, i.e. negative. This procedure

reduces glitch magnitudes in the waveform of the output
signal comparing to the solution where a certain discrete
value of the sinusoidal function is realized by one resistor
only, and the next value by switching-off that one and
switching-on some other resistor (Table 1).

For the proposed practical implementation,
discretization of the sinusoidal function is performed in 24
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“@/2” in order to avoid generation of the value “ sin0
for which R, has an infinity value. In order to accomplish
progressive turning switch on, Ry(k) represents resistors

arranged in a parallel connection assigning the appropriate
discrete value of the voltage U,to k —th sample, whereby

that value is calculated by (9). If R=10k, then from R
it follows:R =769k2, R, =395kQ, R;=44,4kQ,
Ry =54,05kQ2 , R; = 76,3k and Ry =149,25k .

Table 2. Values of resistors

6[°] | Sind | RkQ] | Ry | Ra | Rs | Ry | Rs | Rg
75 0.130 | 76.923 1 0 0 0 0 0
225 0.383 | 26.110 1 1 0 0 0 0
375 0.608 | 16.447 1 1 1 0 0 0
525 0.793 12.610 1 1 1 1 0 0
67.5 0.924 | 10.882 1 1 1 1 1 0
825 0.991 10.091 1 1 1 1 1 1
975 0.991 10.091 1 1 1 1 1 1
1125 | 0.793 10.822 1 1 1 1 1 0
1275 | 0.793 12.610 1 1 1 1 0 0
1425 | 0.608 | 16.447 1 1 1 0 0 0
1575 | 0.383 | 26.110 1 1 0 0 0 0
1725 | 0.130 | 76.923 1 0 0 0 0 0




Conclusion
ROM

s In this paper a new method for frequency synthesis
2 based on the PLL with continuous phase divider has been
' presented. Look-in table and the D/A converter are
replaced by the generator in which n samples of the
S’ sinusoidal wave form are generated. The number of the
6 discrete points is egaul to the modulus of the divider. On
takt this way, a new realization of the dividing function with
continuous phase has been enabled. This method of
FE SW} frequency synthesis is characterized by short period of
time necessary for reaching the stable state and high purity
of the output frequency.
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Fig. 5. Block diagram of the control logic
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A PLL frequency synthesizer which (frequency) divider is replaced by a sinusoidal waveform generator has been analyzed. In the
generator, n samples of the sinusoidal waveform are generated (created), and (while) the number of discrete points is equa to the
dividing module of the divider. By this realization, within every VCO period one sampled value of the sinusoida function has been
generated, it has been sent to the phase detector and together with reference frequency it gives the control voltage. Subsequently, this
alows faster reaching of the stable state, which implies high spectral purity of the sinusoidal waveform signa at the synthesizer's
output. This approach keeps all advantages of the PLL synthesizers with look-in tables in terms of stability, and in the same time their
architecture is much simpler. 1. 5, bibl. 5 (in English; summariesin English, Russian and Lithuanian).

A. M. PaiiueBuy, b. M. ITonou4. ®a30BYI0 NETJII0 UCHOJIL3YIOIIHI CHHTE3ATOP YaCTOThI ¢ PABHOMEPHBIM jeeHueM (asul //
DJIeKTPOHNKA U d1eKkTpoTexHuka. — Kaynac: Texnosorus, 2009. — Ne 5(93). — C. 47-50.

Anamusupyercs PLL cuHTe3aTOp 4acTOThI, B KOTOPOM JICIMTENb YaCTOThI 3aMEHEH I'eHepaTOPOM CHI'HAJIA CHHYCOMIaIbHOH GOpMBI.
B reneparope co3maercs N 0OTCYETOB CHHYCOWAANBFHOTO CHTHAJIA, @ YHCJIO AUCKPETHBIX TOYEK PAaBHO MOIYIIIO JETICHHS AeNUTeNs. Takum
00pa3oM BO BpeMsl Ka)XIOTo MEepHoja HaNpsHKEHHEM KOHTPOJHPYEMOTO OCIMIISTOpA TeHEpPUpPYeTCsl OJHA CUTyalus CHHYCOWmanbHOI
(yHKINY, OHAa HANpaBISETCS B JAETEKTOp (a3l M IO BEJIMYMHE ONOPHOTO CUTHAJA BBIAACTCS COOTBETCBYIOIEE HANPSDKECHHE
yIpaBieHHsl. JTO MO3BOJISIET OBICTpee NOCTUTHYTH CTAaOMIBHOE COCTOSHHE, B CIIEACTBHE YEro Ha BBIXOJE CHHTE3aTopa MONydaeTcs
CHHYCOMIAJIbHBII CHUTHAN YHCTOrO CIIEKTpa. MeTon coxpaHseT Bce mpeumyinectBa PLL cuHTe3aTopa B 4acTu CTaOMIBHOCTH, a
apXuUTeKTypa reHeparopa ynpomaercs. 1. 5, 6u6i. 5 (Ha aHrmiickoM s3bIKke; pedepaTsl Ha aHTTTHHCKOM, PYCCKOM M JIMTOBCKOM 513.).

A. M. Rai¢evi¢, B. M. Popovi¢. Fazing kilpa naudojantis daznio sintezatorius su tolygiuoju fazés dalikliu // Elektronika ir
eektrotechnika. — Kaunas: Technologija, 2009. — Nr. 5(93). — P. 47-50.

Andizuojamas PLL daznio sintezatorius, kurio daznio daliklis pakeistas sinuso formos signalo generatoriumi. Generatoriuje
sukuriama n sinusinio signalo atskaity, o diskretiniy tasky skai¢ius yra lygus daliklio dalijimo moduliui. Taigi kiekvieno jtampa
kontroliuojamo osciliatoriaus periodo metu sugeneruojama viena sinusinés funkcijos atskaita, nusiunciama i fazes detektoriy ir pagal
atraminio daznio signala jjungiama atitinkama valdymo jtampa. Tai leidzia greiciau pasiekti stabilia busena, tod¢l sintezatoriaus iséjime
gaunamas $varaus spektro sinusinis signalas. Taikant §i metoda islaikomi visi PLL sintezatoriaus stabilumo pranasumai, o generatoriaus
architektiira tampa paprastesné. 11. 5, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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